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ABSTRACT

Colorectal cancer was infrequently diagnosed
several decades ago. Nowadays, it is the world's
fourth most deadly cancer with almost 900,000
deaths annually. Colorectal cancer had a low
incidence several decades ago. However, it has
become predominant cancer and now accounts
for approximately 10% of cancer-related
mortality in western countries. The ‘rise’ of
colorectal cancer in developed countries can be
attributed to the increasingly aging population,
unfavorable modern dietary habits and an
increase in risk factors such as smoking, low
physical exercise and obesity. New treatments
for primary and metastatic colorectal cancer
have emerged, providing additional options for
patients; these treatments include laparoscopic
surgery for primary disease, more aggressive
resection of metastatic disease (such as liver and
pulmonary metastases), radiotherapy for rectal
cancer and neoadjuvant and palliative
chemotherapies. However, these new treatment
options have had a limited impact on cure rates
and long-term survival.

Keywords: Colorectal cancer, Tumor marker,
Hereditary colorectal cancer, Mediterranean
diet.

INTRODUCTION

Colorectal cancer (CRC) is the most
ubiquitous cancer and one of the foremost
causes of cancer worldwide [1]. Over the
previous 20 years, the clinical consequence

for these patients has greatly enhanced
because of the development in accessible
systemic therapies and ablative procedures,
additionally to upgraded diagnosis and
appointment for surgery [2]. Historically,
journals have distinct CRCs within three
sections of the gut: proximal colon, distal
colon and rectum [3-5]. Right-sided colon
carcinomas (RCCs) are positioned within
the colon derived from the embryonic
midgut, which covers the proximal two-
thirds of the transverse colon, ascending
colon and caecum (Fig. 1). Left-sided colon
carcinomas (LCCs) positioned within the
colon derived from the embryonic hindgut,
which consists of the distal third of the
transverse colon, splenic  flexure,
descending colon, sigmoid colon and
rectum. With this description, CRC with
LCC has no less than 63% of patients [6].

Embryology

The right (Midgut) and the left
(Hindgut) side of the gut develop from the
endoderm by gastrulation and distribute the
guts to the cloacal membrane along with the
embryo. In the midgut, the whole of the
small bowel, the caecum, the appendix, the
ascending colon and the proximal two-thirds
of the transverse colon separates into a
duodenum distal to the ampulla [7].
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The hindgut gives rise to the distal
third of the transverse colon, the splenic
flexure, the descending colon and sigmoid
rectum, and the upper part of the anal canal
[8]. The most distal part of the hindgut
enters the cloaca's posterior region, known
as the primitive anorectal canal, from which
the anal region derives.

Because both the right and left sides
of the colon are derived from endoderm [7],
embryology does not appear to be the
primary reason for the differences in CRC
prognosis reported. As mentioned later in
this article [9], distinct gene expression
variances representing midgut and hindgut
changes have been identified between the
right and left sides of the normal colon.

Microbiome interaction with CRC

It is hypothesized that the
microbiome plays a key role in CRC
formation. Depending on the primary
location of the tumor, bacterial phylotype
may differ. The prevalence of RCCs is
relatively more than that of LCC with
Fusobacterium, Escherichia-Shigella and
Leptotrichia than that of Prevotella,
Pyramid-bacterium, Seleneomonas and
Peptostreptococcus, compared to RCC [10].

A significantly higher incidence of
Escherichia coli phylogroup B2 has been
detected in mucosal biopsies from patients
with RCC compared to those with LCC
[11], and a higher risk of Helicobacter
pylori infection was reported in patients
with LCC compared to those with RCC
[12].

Role of biofilms

Dense bacterial aggregates or
biofilms are positioned within the normal
gut and are associated to decreased
activation and increased epithelial cell
proliferation of e-cadherin, enhanced
transducer-size (IL-6) and a transcription-
signal activator, STAT3. Biofilms can
invade and pathogenic mucus layer of the
colon in direct touch with the mucosal
epithelial cells. The majority of RCCs,
however only a small percentage of the

LCC [13] were found to have invasive
polymicrobial biofilms.

Role of pathogen in CRC

Both  mechanisms have been
postulated. Prevotella, Pyramido-bacterium,
Selenomonas and Peptostreptococcus were
identified in relatively higher abundance in
proximal tumors compared with distal
tumors. Conversely, Fusobacterium,
Escherichia-Shigella and Leptotrichia were
relatively abundant remains uncertain
whether the changed mucosa following the
development of CRC attracts different
bacteria or if different bacteria have an
ability to destroy the mucosa, which then
leads to CRC.nt in distal colorectal tumours
compared with proximal tumours [10].
Recently published data show that CRC-
associated bacterial clusters are
differentially correlated with mucosal gene
expression profiles. Some clusters are partly
associated with the expression of pro-
inflammatory genes in the mucosa, which
may result in CRC in the future [14].

Role of primary tumour

Patients with RCC are more likely
than those with LCC to be female, and their
median age at diagnosis is higher than that
of patients with LCC [6]. RCCs are more
likely to have high-grade histology and a
more advanced tumour stage at initial
presentation compared with LCC [6]. LCC
is linked to a low-fiber diet, smoking, and
excessive alcohol consumption [15]. The
spread of metastatic disease varies
depending on the primary location of the
CRC. RCC is more likely to spread to the
peritoneum, while LCC is more likely to
spread to the liver and lung [16].

Role of Molecular and Chromosomal
difference in CRC

A number of chromosomal and
molecular differences have been reported
between RCC and LCC. In about 75% of
LCC and 30% of RCC Instability of
chromosomes has been detected [15]. In
comparison with LCC, hypermutation is
higher in RCC [16]. RCC have been shown
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to be associated with an increase in RAS
and phosphoinositide 3-kinase pathway
mutations [17], CpG island methylator
phenotype (CIMP)-high and microsatellite
instability-high subtypes (Fig. 2A) and
BRAF mutations (Fig. 2B) [16,18]. The rate
of mutations from KRAS/BRAF has been
observed to gradually decrease to sigmoid
colon from caecum (Fig. 2B) [11]. A higher
expression of TGFBR2 mutations also
occurs within the RCC compared with the
LCC [19].

In LCC mutations are more frequent
compared with RCC in the APC, KRAS,
SMADA4, and TP53 genes [20]. In addition
to greater chromosomal instability, LCC has
been linked to higher overexpression of the
epidermal growth factor receptor (EGFR)
ligands, epiregulin (EREG) and
amphiregulin (AREG), as well as EGFR and
human epidermal growth factor receptor 2
amplification (HER2) [16,21-22}]. High
AREG expression is inversely associated
with BRAF mutation and CIMP-high status
[21]. Hypermethylation and suppression of
EREG and AREG expressions have been
demonstrated to be strongly associated with
RCC and CIMP-high status [23].

The predominant angiogenic factor,
vascular endothelial growth factor (VEGF-
1), plays a key role in the progression of
CRC. VEGF-1 expression has been found to
be substantially higher in LCC than in RCC
[24]. Similarly, LCC had higher levels of
cyclooxygenase-2 (COX-2), which also
plays a role in angiogenesis, when
compared to RCC [25].

Causes of CRC

Dietary habits are the primary risk
factors for colorectal cancer, however,
obesity and physical inactivity are also
significant risk factors. Other conditions that
predispose to colorectal cancer include
inflammatory  bowel disease (IBD)
(ulcerative colitis or Crohn's disease),
cigarette smoking, and 5-10% of cases of
hereditary diseases (e.g., pre-cancerous
conditions) such as Lynch syndrome (also
known as hereditary nonpolyposis colorectal

cancer) and familial adenomatous polyposis
(FAP) or, less frequently, are associated
with MY (PJS). About 20% of patients with
colorectal cancer mainly have these
disorders when the disease is detected in
younger (<45) and in more than a first-grade
relative (1,5) The chance of getting
colorectal cancer in patients with polyps>1
cm and >2 polyps or with dysplasia is
greater [26]. Increase risk has also been
reported in patients with Diabetes Mellitus,
but the proper link is not clear that it is
simply environmental (i.e., due to the
impact of joint risk factors, such as physical
inactivity and obesity) or due to disease
pathogenicity. Reliable evidence gathered
on over 2.1 million subjects shows that
colorectal cancer mortality can be reduced
by ~20% with the use of the Mediterranean
diet [27].

Another recent meta-analysis
concluded that saturated or animal fats and
cholesterol, red and processed meat,
preserved and spicy foods are associated
with an increased risk of colorectal cancer
in Asia, whereas dairy foods, calcium,
vegetables and fruit, as well as lycophene,
selenium, and carotenoids may be
protective. Primary prevention techniques
such as increased physical activity and
dietary changes, as well as secondary
prevention strategies such as screening,
have been used to lower colorectal cancer
incidence and death [28-33].

Associated factor of CRC

Modifiable risk factors for CRC
include smoking, alcohol consumption,
obesity, and consumption of processed and
red meat. Modifiable factors linked to a
lower risk of colorectal cancer include
improved physical activity, nonsteroidal
anti-inflammatory drugs, postmenopausal
hormone therapy, and vegetable and fruit
intakes. Studies correlating fruit and
vegetable consumption to a lower risk of
colorectal cancer have been found to be
unreliable. [34].

Age, IBD, and a family history of
colorectal cancer are non-modifiable factors
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with a significant association. Screening
methods begin at the age of 50 have been
found to lower CRC incidence and mortality
by detecting and removing precancerous
polyps early. [35].

Hereditary CRC

Genetic predisposition is important
in the etiology of HCC, as well as in
determining the clinical course and
prognosis of the disease, particularly in the
young population (30 years) [36].
Predisposing factors for HCRC include
Lynch syndrome (LS), familial
adenomatous polyposis (FAP), MUTYH-
associated  polyposis (MAP), serrated
polyposis syndrome, juvenile polyposis
syndrome, Peutz-Jeghers syndrome, and
Cronkhite-Canada syndrome [37]. The most
common causes of HCRC are LS and FAP,
which account for 3% and 1% of all HCRC
cases, respectively. [38].

1. Lynch syndrome

Lynch syndrome is an inherited
disorder that has been linked to an increased
risk of many types of cancer, including
colon cancer. It is, in fact, the most common
hereditary condition associated with an
increased risk of getting colorectal cancer.
[38]. About 3% of all cases of colorectal
cancer have LS and could be life-long at
risk for getting colorectal cancer, depending
on the type of mutation in issue, between
20% and 80%, with 54% cumulative risk.
[39]. LS is inherited from an autosomal
predominant pattern and the genetic
alterations revolve around MMR genes
including (MLH1), (MSH2) and (PMS2)
which thus prevent the correct repair of the
DNA replication defects [40].

2. Familial adenomatous polyposis
Familial adenomatous polyposis is
an autosomal dominant illness that affects
both men and women equally. It is predicted
that 1/14000-1/8300 live births are affected.
This condition is caused by a mutation in
the Adenomatous polyposis coli (APC)
gene, which results in an altered tumor
suppressor APC gene, resulting in

uncontrolled proliferation of cells in the
colon, resulting in hundreds to thousands of
adenomatous polyps (Fig. 2). FAP is the
most common cause of adenomatous polyps
in the pediatric population: 50% of people
would develop adenomas by the age of 15
years, which increases to 95% by the age of
35. Patients typically develop > 100 colonic
polyps, among extra-colonic manifestations,
such as duodenal and gastric polyps, soft
tissue, and bone and skull tumors. If left
untreated, 100% of FAP patients will
develop CRC by the fourth or fifth decade
of life [41].

The adenomatous colorectal polyps
are different in size, but usually have 1-2
mm in diameter, with pedunculated variants
of up to 1 cm. FAP may occur in two forms:
diffuse in the development of hundreds of
polyps, or profuse in the development of
thousands of polyps. Signs and symptoms
are rectal bleeding, anemia, increased
frequency of stools and abdominal pain but
are not limited to them.

Diabetes with CRC

Justin Y. Jeon evaluate the impact of
diabetes on outcomes in colorectal cancer
patients and to examine whether this
association varies by the location of the
tumor and found significantly reduced
overall and disease-free survival only in
colon cancer but not in rectal patients with
DM [43].

Post-menopausal Obesity co-relation with
CRC

The prevalence of obesity is on the
rise around the world and obesity is a major
health issue, including in the Asian
countries where the average BMI and
obesity prevalence were once lower than in
western countries. Obesity in
postmenopausal Korean ~women  was
associated with an overall higher risk of
cancer, comparable with findings from
Western population studies. In
postmenopausal females, an active effort is
needed for obesity prevention to decrease
the risk of cancer in particularly colon,
breast, corpus uterus and kidney cancer is
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given the increasing prevalence of obesity in
postmenopausal females [44].

Circulating Concentrations of
Inflammatory Biomarkers and Risk of
CRC

C-reactive protein (CRP)

C-reactive protein (CRP) is a
sensitive, but  non-specific, systemic
biomarker of inflammation, produced

predominantly in the liver in response to
cytokines released by phagocytes after
infection, trauma, surgery [45]. TCRP
concentrations in the blood are low in
healthy people, usually less than 1 mg/L,
but they rise during acute infection,
reaching levels well above 10 mg/L. CRP
has a half-life of 19 hours [46].

Interleukin-6 (IL-6)

Interleukin-6 (1L-6) is a
multifunctional  cytokine released by
hematopoietic and not bloody cells[47],
which  works on a transmembranous
cytokine type 1 receptor or binds to a
soluble IL-6 receptor (sIL6R). IL-6
increases the levels of many acute-phase
proteins, including CRP, fibrinogen, 1-
antitrypsin, and serum amyloid A. [48].
There are  considerable  mechanistic
indications that IL-6 is involved in the
development of the CRC. In vivo
experiments on wild-type mice revealed that
IL-6 is drastically increased in the colonic
tumor environment and that the growth of
colon tumors was inhibited when the mice
were given anti-IL6R antibodies. [49].
However, epidemiological research has
been limited with only six prospective
studies available [50-54], relating to the
combination of IL6 with the risk of further
development in colorectal cancer.

TNF-a

TNF-o is another pleiotropic
cytokine that has been found to be
implicated in the pathophysiology of the
IBD in the response to infection and tissue
injury. However, there is no evidence that
TNF-a concentration is likely to be
associated with colorectal cancer risk (Table

1). A surrogate marker for TNF-a, soluble
tumor necrosis factor receptor 2 (STNFR-2),
that is more stable in stored frozen samples
and less influenced by diurnal variation was
significantly associated with increased risk
of CRC in women in the Nurses’ Health
Study [52].

Other markers

Serum amyloid A (SAA) is a non-
specific inflammatory marker produced in
the liver in response to infection, trauma,
and other inflammatory states and has been
hypothesized to be a more sensitive marker
of inflammation over CRP for certain
diseases [b55]. However, pre-diagnostic
concentrations of SAA were not associated
with CRC in the Women’s Health Initiative
Observational Study. Macrophage inhibitory
cytokine 1 (MIC-1) is another novel
inflammatory  biomarker, which  was
positively associated with colorectal cancer
risk in the Nurses’ Health Study and the
Health Professionals Follow-up Study [56].
Fibrinogen concentrations were positively
associated with the risk of colon cancer in
another prospective study in the USA, but
white blood cell count, von Willebrand
factor, factor VIII, and albumin did not
yield statistically significant associations
[57]. However, white blood cell count was
associated with an increased risk of colon
cancer in a Swedish and a Korean
prospective study [58,59].

Mediterranean diet and colorectal cancer

In 2010, UNESCO recognized the
MedD as an “intangible cultural heritage of
Italy, Greece, Spain and Morocco” for
multiple reasons, such as the preservation of
local biodiversity and a variety of health
benefits starting from a reduction of CRC
risk and the percentage of deaths caused by
cardiovascular accidents [60-62]. The
MedD is characterized by a high
consumption of fruits, vegetables, and
complex carbohydrates; low consumption of
fish and meat; and a daily glass of red wine.
In the MedD, the main source of fat is olive
oil [63].

International Journal of Research and Review (ijrrjournal.com) 562
Vol.8; Issue: 9; September 2021



Muhammad Ali et.al. Different mechanism involvement in the formation of colorectal cancer; mega review

Prevention of CRC has important
public health implications. Many studies
have demonstrated that fibers and
phytochemicals included in the MedD have
a strong chemopreventive role in the onset
of CRC [64].

Olive oil

Olive oil is a central compound in
the MedD and is the main source of dietary
fat. The MedD is distinguishable from other
healthy dietary models for its high-fat
content [61]. Many experimental studies
outline the biological and molecular
mechanism by which each component of
olive oil could realize multiple health
benefits [65,66]. The consumption of olive
oil exerts a protective effect in reducing risk
for CRC many other types of cancer,
including prostatic and breast. This property
has been referred to by its content of
monounsaturated fats, mainly oleic acid
[67,68].

However, olive oil is a functional
and complex food that contains several
minor bioactive compounds, including
tocopherols, squalene, alcohols, and many
polyphenols such as oleuropein,
hydroxytyrosol, and  tyrosol,  which
represent approximately 80% of olive oil’s
phenolic content. Although the mechanisms
involved remain uncertain, pre-clinical
studies have attributed many
chemopreventive effects to the components
of olive oil mostly because they interfere
with  the initiation, promotion, and
progression of cancerogenesis pathways
[65,69-73] (Table 1).

Red grapes and resveratrol

Resveratrol is a phenolic substance
found mostly on the outer skin of red grapes
and other food products (e.g., berries and
nuts). Resveratrol is mostly present in red
wine in the MedD. However, its red wine
content varies considerably in terms of
quality and climate for red grape species
[74]. Pleiotropic pharmacological
characteristics of resveratrol include platelet
aggregation repression and eicosanoid
synthesis. It enhances the preservation of

reactive oxygen and flogistic events against
damage, which gives rise to cardiovascular
protection and anticancer properties.[75].

Although it is difficult to ascertain
the cause and effect mechanism in in vivo
settings, resveratrol has been shown to
affect a number of molecular targets based
on cancer type, resveratrol formulation,
stage of disease, and dose and duration of
resveratrol. It is being increasingly
recognized that the  combinatorial
approaches of resveratrol and other natural
agents are likely useful in advanced stages
of cancers because deregulation of multiple
pathways affects cancer cell growth and
oncogenic signalling [76].

Tomatoes and lycopene

According to Smith, “tomato pills
cure all your ills” [58]. In fact, tomatoes,
which are central protagonists in the MedD,
have several beneficial effects, especially in
the prevention of cardiovascular diseases,
osteoporosis, and cancer. A reduction of risk
for CRC of >20% has been linked to the
daily intake of fruits and vegetables,
including tomatoes [77]. The extraordinary
action of tomatoes has been attributed to
their elevated content of carotenoids,
primarily b-carotene and lycopene [78].

Lycopene is synthesized by plants
and confers the color red not only to
tomatoes but also to red oranges and
apricots. After the consumption of tomatoes,
the concentration of lycopene in plasma
depends on several biological mechanisms.
In fact, lycopene is modified during the
digestive process, thus decreasing its
bioavailability. To facilitate lycopene
absorption, it is better to introduce tomatoes
in combination with lipids, such as occurs in
sauces or juices [79].

SCREENING GUIDELINES

It is worth noting that almost all of
the recommendations are reasonable, with
the exception that barium enemas are
lowered to just 48 % for low levels of
sensitivity [77]. Additionally, the regularity
of stool DNA analysis is questionable; as
such a test is quite new. However, all the
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remaining  screening  approaches  are
validated by all the societies as suitable
screening methods. Colonoscopy even if its
effects in a reliable randomized controlled
study on the decline incidence and mortality
of CRC have not been demonstrated. The
logical question would therefore be: was it
effective? The newest study data assessing
the prevalence of CRC in both males and
females have shown a decline in CRC
incidence as well as in CRC mortality in
both genders related to the start of screening
programs[80].

SCREENING OPTIONS
FS and colonoscopy

In the 1980s and 1990s, fecal occult
blood and sigmoidoscopy were the most
used screening techniques. Later on,
however, most colonoscopy screening of
CRC was performed. Colonoscopy is a gold
standard tool for high sensitivity and
specificity screening. This test can detect
and resect precarious lesions and neoplasms
throughout the large intestines and is the
ultimate evaluation for other diagnostic
tests. With recent statistics showing a
perforation rate less than 1/1000 most
typically related to a polypectomy rather
than the act itself it is reasonably safe. In
certain circumstances, colonoscopy requires
full preparation of the bowel and sedation
[34]. Colonoscopy is commonly available
but not accessible or cheap for the general
public, which means that it is difficult to
adjust its use to screening programs. In
future studies with cohorts and numerous
cases, cancer mortality was predicted to be
68% to 88% lower among individuals with
colonoscopy screening compared to those
not[35]. A meta-analysis of observational
studies revealed that regardless of a 68%
lower overall mortality, limited advantage
from colonoscopy was seen with respect to
cancer in the proximal colon [81,82].
Another study revealed that there was a
29% reduction in overall CRC mortality, a
47% reduction in mortality from distal
CRC, and no reduction in mortality from
proximal CRC. This study showed that

colonoscopy significantly reduces mortality
from CRC, but the benefit is not even across
different areas of the colon. This may be
due to several factors that affect the quality
of the event as such (e.g. training level and
experience of the gastroenterologist,
incomplete colonoscopy, inadequate bowel
preparation, or technical issues with polyp
removal in the proximal colon) [83].

gFOBT

gFOBT spot the presence of blood in
feces through a chemical reaction reliant
upon the peroxidase activity of heme. It is a
low-cost, simple, and extensively available
test. A revolutionary study that evaluated
the fecal occult blood test randomized
46551 participants 50 to 80 years of age to
screen for CRC on a once-a-year basis,
every two years, or to a control group. They
concluded that yearly fecal occult blood
testing with rehydration of the samples cut
thel3-year increasing mortality from CRC
by 33% [84].

FIT

FIT is a new type of guaiac-based
FOBT. It is an antibody to human globin
that does not cross-react with dietary meats.
Therefore, no prerequisite foods avoidance
with peroxidase activity. Upper
gastrointestinal globin is degraded readily
by digestive proteolytic enzymes so FIT
carefully measures the colonic blood. The
FIT sampling technique is simple and easy
to collect with fewer fecal samples required
compared to FOBT.

CTC

CTC or virtual colonoscopy is a
rapid, noninvasive radiographical imaging
test that involves no less risky sedation than
colonoscopy. Moreover, it brings the
advantage  of  additional intestinal
evaluation. In addition to that, it conveys the
advantage of extracolonic assessment.
However, a patient must take the same
preparation as for colonoscopy so CTC is
not very pleasant in addition to the same
discomfort during the procedure. In
addition, other risks of CTC include allergy
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to contrast, radiation exposure and the
requirement for colonoscopy if positive
findings are considered [85-87].

cfDNA and ctDNA as diagnostic tool

In 2011, the Italian group evaluated
cfDNA’s capacity to differentiate between
healthy patients with RC (plasma samples
collected after negative colonoscopy). The
baseline cfDNA levels were considerably
greater in RC patients compared to healthy
patients by methods of quantitative PCR
(using Alu 115, Alu 147, and B-globin gene)
[88].

A Chinese group also observed a
higher concentration of cfDNA in RC than
in healthy individuals, where mutated
KRAS and methylated MGMT were not
detected. Moreover, the ratio of 400-/100-bp
DNA fragments (an index of cfDNA
integrity) was higher in RC patients than in
healthy controls, in which cfDNA is
considered to originate mainly from an
apoptotic process of normal cells [89].

Shalaby et al. underlined the ability
to differentiate benign and malignant rectal
cancer by the MGMT and ERCC1
methylation conditions. 43 benign and 50
malignant rectal tumors were examined for
the blood and tissue. They observed a
significantly higher frequency of MGMT
and ERCC1 methylation in RC patients than
in cases with benign tumors, both in tissue
and blood samples (sensitivity around 60%
and specificity of 93-95% for each gene on
plasma). The combination of MGMT and
ERCC1 methylation reached a specificity
for differentiation between benign and
malignant rectum tumors of 100% in blood
samples, with a sensitivity of 32% [90].

Colonoscopy

Over the last decade, cases of
colorectal cancer have grown due to early
diagnosis of premalignant asymptomatic
tumors. Early detection leads to reduced
malignancy, early detection of the tumor,
which leads to improved forecasts with
long-term outcomes. Largely male, younger
and high body mass indexes are diagnosed
with screening (BMI). It is revealed in the

study that symptomatic patients had more
than twice the risk of having a malignant
disease which contributes to the fact that the
contribution of colonoscopy is essential for
early detection. Early detection effect the
TNM stage, invasiveness of tumor, nodal
spread and distant metastasis in surgical
pathology. So these factors also affect the
long-term outcome of treatment. Early
detection has a tremendous effect on
prolonging longevity, improving quality of
life and reducing health care cost through
detection of colon cancer in early stages.
Initially, colonoscopy was done in all
patients for the assessment of colorectal
cancer.

Serum carcinoembryonic antigen (CEA)

Serum carcinoembryonic antigen
(CEA) is used as an important tumor marker
for colon cancer demonstrated 45 years ago.
Its sensitivity and specificity have been
extensively researched and show some
weaknesses which lead to rejection to use
CEA as a potential screening tool. CEA is
mostly used for the follow-up to monitor the
risk of local and distant recurrence after
surgical resection of the tumor. CEA is
considered as the value of choice to monitor
and it sufficiently correlates with colorectal
tumor activity. Consistent elevation of CEA
is an alarming sign for the recurrence of
colorectal cancer. The prognostic value of
CEA is preoperatively controversial and a
long subject of debate, however, several
studies provided evidence that preoperative
CEA levels can be indicative of the risk of
postoperative recurrence. 5 ng/L to 100 ng/I
is the cut-off value for CEA for the
population at a risk.

CT and Other tests

CT is performed in all patients either
early or late stage while MRI is performed
in all late stages to confirm metastasis. If the
patient had confirmed diagnosis then all
baseline tests (CBC, LFTs, RFTs, and
PFTs), biochemical test, coagulation test,
related imaging  examination, and
assessment of the risk of surgery before
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operation. Tumor markers (i.e. CA-125 etc.)
were performed to confirm the diagnosis.

Monoclonal  antibodies in
immunotherapy

Cancer vaccines try to impact the
immune system cells by generating an
attack against the cancer cells. Cancer
vaccines are designed to induce tumor-
specific or tumor-reactive immunoreactivity
in vivo. Peptide vaccines comprised of
immunogenic epitopes usually formed of
tumor-specific or cancer antigens are the
most prevalent type [91].

Vaccines are usually administered
with other adjuncts called adjuvants to
increase the effectiveness of the immune
system. Dendritic cells (DCs) are used as
natural adjuvants because of their ability to
initiate and support immune responses. DCs
vaccination is performed by two different
approaches, direct targeting of antigens to
DC receptors or ex vivo production of
antigen-loaded DCs. In the case of DNA
vaccines, plasmids containing cDNASs
encoding tumor antigens are administered to
the patient so that the patient begins to
express these antigens and provides
immunity and T cell response against them
[92].

cancer

Adoptive cell therapy

Adoptive cell therapy (ACT) is the
process of administering immunologically
active cells to the patient for treatment and
prevention of the formation of the disease
list shown in Table 1. ACT involves the
collection of immune cells from the
patient’s peripheral blood or the tumor
itself, the isolation of cells, the ex vivo
replication of tumor-specific immune cells,
and the re-infusion of activated T cells to
the patient [93,94].

T cells used for this purpose are
tumor-infiltrating lymphocytes (TILs), T
cells engineered to express a cancer-specific
T cell receptor (TCR) expression, and T
cells for regulated chimeric antigen receptor
(CAR) expression, which combines the
extracellular portion of the antibody with
the signalling mechanism of the TCR. In

addition, DCs, which are antigen-presenting
cells and highly effective in inducing T-cell
immunity, are also used in this approach
[92, 95].

Monoclonal Antibodies

As a result of the entry of a foreign
substance into the body, B-lymphocytes
become active and antibody production
takes place in recognition of this foreign
substance (antigen). Antibodies recognize
the epitope regions on the antigen. If an
antibody is produced against a single
epitope instead of an entire epitope, this
antibody is called a monoclonal antibody
(mADb) [96, 97].

Cytokines

Cytokines are chemicals produced
by some immune system cells. Cytokines
play an important role in the production and
activity of immune system cells and blood
cells. Although there are many different
types, the most commonly used are
interleukins, interferons, and granulocyte-
macrophage colony-stimulating factor (GM-
CSF) [98].

Table 1: Commonly used adoptive cell therapy in colorectal
cancer.

Generic Name Type Target | FDA approval
Rituximab Chimeric CD20 1997
Transtuzumab Humanized | HER2 1998
Aletuzumab Humanized | CD52 2001
Bevacizumab Humanized | VEGF 2004
Panitumumab Human EGFR 2006
Ofatumumab Human CD20 2009
Denosumab Human RANKL 2010
Ipilimumab Human CTLA-4 2011
Pertuzumab Humanized | HER2 2012
Obinutuzumab Humanized | CD20 2013
Nivolumab Human PD-1 2014
Pembrolizumab | Humanized | PD-1 2014
Ramucirumab Humanized | VEGF 2014
Daratumumab Human CD38 2015
Necitumumab Human EGFR 2015
Avelumab Human PD-L1 2017
Durvalumab Human PD-L1 2017

“Watch and Wait” Non-operative
Experience:

The 'watch and wait' strategy for
patients achieving a neo-adjuvant cCR is
conceptually appealing, as first described by
Brazilian researchers [99]. In an updated
dataset, 361 cT2-4NO/N+ patients with
CRT-treated rectal tumors were reported in
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the Habr Gama Group. Repeat endoscopic
evaluation of patients was performed 8
weeks after CRT, and patients with mucosal
abnormalities or positive biopsies were
deemed to have an incomplete response and
proceeded to surgical resection. Those
found to have a cCR underwent rigorous
monitoring and surveillance. Ninety-nine
patients with a prolonged cCR greater than
1 year were managed without surgery.
Following a 5- year follow-up period, 13
patients experienced recurrences: 5 were
endorectal, 7 were distant, and 1 was both.
All patients with isolated endorectal
recurrences were salvaged successfully. The
5-year OS and DFS were high at 93% and
85%, respectively [100].

A prospective Dutch study of a
“watch and wait” approach was previously
published [101]. An update of these results
with a larger patient population and longer

follow-up (median 41 months) was recently
published. Between 2004 and 2014, 100
patients with cT1-3 NO-2 who received CRT
had a cCR (61 patients) or near cCR (39
patients) and underwent organ preservation.
Evaluation of response involved DRE,
endoscopy, and MRI. Patients with a cCR
underwent watch and wait, while near cCR
patients were given the option TME or
reassessment at 3 months. Endoscopy and
MRIs were performed every 3 months
during the first year and every 6 months
thereafter. Fifteen patients experienced a
local recurrence (12 luminal, 3 nodal), all
occurring  within 25  months and
salvageable. Five patients developed
metastases and 5 patients died. Three-year
overall survival was high at 96.6% (95%
confidence interval (CI) = 89.9 to 98.9%),
and colostomy-free survival was 94.8%
(95% CI = 88.0 to 97.8%) [102].
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CONCLUSION do not undergo

rapid evolution and

Inflammation affects every facet of
tumor development and might also affect
the efficacy of cancer therapies. Anti-
inflammatory drugs can reduce CRC risk
and clinical trials should indicate the
therapeutic efficacy of anti-inflammatory
biologics, such as anti-TNF, anti-1L-6, anti-
IL-1, and inhibitors of NF-B and STATS3.
Importantly, anti-inflammatory drugs target
myeloid and lymphoid cells, which do not
carry oncogenic mutations and, therefore,

selection. This is a highly attractive feature
of anti-inflammation therapies they might
avoid the rapid development of resistance
that occurs to drugs that target cancer cells.
Anti-inflammatory reagents that can be used
to prevent and treat CRC and CAC might be
combined with conventional therapies, such
as chemo- or radiotherapy, to increase their
efficacy.
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