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Abstract. Cancer is currently among the leading causes of 
mortality globally. Colorectal cancer (CRC) ranks second 
among the most common types of cancer in terms of mortality 
worldwide. This type of cancer arises from mutations in the 
colonic and rectal epithelial tissues that target oncogenes, 
tumor suppressor genes and genes related to DNA repair 
mechanisms. The aim of the present review was to provide 
an explanation of CRC classification, which is carried out 
according to the histological subtype, location and molecular 
pathways implicated in its development. The pathogenic mech‑
anisms implicated in CRC may involve one of three different 
molecular pathways: Chromosomal instability, microsatellite 
instability and cytosine preceding guanine island methylator 
phenotype. In addition, a variety of mutated genes associated 
with CRC, which affect certain signaling pathways, including 
DNA mismatch repair, cell cycle checkpoints and apoptotic 
pathways, were discussed. Moreover, a brief description of 
the risk factors and the symptoms associated with CRC was 
also provided. Finally, the treatment approaches to CRC were 
outlined.
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1. Introduction

Cancer is categorized as a leading cause of mortality world‑
wide in the 21st century. According to the World Health 
Organization (WHO), cancer was the first or second leading 
cause of death before the age of 70 years in most countries 
in 2015  (1), whereas new cancer cases and cancer‑related 
deaths are expected to reach 21.4 and 13.2 million annually, 
respectively, by 2030 (2). Overall, the incidence and mortality 
rates of cancer are rapidly increasing worldwide. The reasons 
for these increases are complex, but mainly reflect aging, 
population growth and changes to the major risk factors for 
cancer, several of which are related to socioeconomic develop‑
ment (1,3,4).

The classic model of cancer envisaged a normal cell trans‑
forming into an atypical or dysplastic cell with progression 
into an invasive or malignant cell (5). Cancer can be defined as 
uncontrolled cell proliferation and division. Cancer cells can 
spread and invade other parts of the body through the blood 
and lymphatic circulation (6). At the cellular level, cancer 
classically develops through three defined stages: Initiation, 
promotion and progression. The first stage, initiation, occurs 
when genetic, metabolic and carcinogenic factors damage 
the DNA molecule (7,8). Carcinogens, including radiation, 
chemicals and viruses, have been found to induce cancer in 
both experimental animals and humans (7,9). Carcinogens 
act by damaging DNA and inducing mutations  (7) via a 
process called carcinogenesis, which involves the activation of 
oncogenes and/or the deactivation of tumor suppressor genes, 
leading to uncontrolled cell cycle progression and inactivation 
of apoptosis (10). The second stage of cancer development is 
promotion. This is a prolonged stage, which begins with the 
proliferation of cells that become defective during the initia‑
tion process. Progression is the third and final stage, which is 
described as the metastasis of tumor cells that develop during 
the proliferation step (8). However, a simple genetic muta‑
tion is not sufficient to drive cancer development; therefore, 
the multiple‑hit hypothesis indicates that cancer is the result 
of accumulated genetic mutations in the DNA of a cell. This 
proposed hypothesis was first reported by Nordling and later 
by Knudson (11‑13).

Cancer cells differ from normal cells in several aspects. 
Cancer cells are less stringently regulated compared with 
normal cells  (7). The uncontrolled proliferation of cancer 
cells results from accumulated abnormalities affecting a 
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number of the cell regulatory mechanisms (7), which reflect 
the behavior that distinguishes cancer cells from their normal 
counterparts (6,7). Furthermore, several genetic and molecular 
alterations are characteristic of cancer  (6,14). Hanahan 
and Weinberg (6) described six hallmarks that explain the 
behavior of cancer cells: Self‑sufficiency in growth signals, 
insensitivity to growth‑inhibitory (antigrowth) signals, evasion 
of programmed cell death (apoptosis) mechanisms, limitless 
replicative potential, sustained angiogenesis, and tissue inva‑
sion and metastasis  (6). Additionally, the aforementioned 
authors published the next generation of cancer hallmarks, to 
which they added two more hallmarks, namely reprogram‑
ming of cellular metabolism and evasion of elimination by 
the immune system, reaching a total of eight of cancer cell 
characteristics. Underlying these hallmarks are genome 
instability and inflammation (15). Multiple signaling pathways 
are affected simultaneously by tumor progression, such as 
irregularities in DNA repair, cell cycle, apoptosis and redox 
balance (16).

As mentioned above, cancer can develop from abnormal 
proliferation of any of the different cell types in the body; 
thus, there are >100 distinct types of cancer, which can differ 
substantially in their behavior and response to treatment (7).

The term ‘tumor’ is used to describe the abnormal 
proliferation of cells, and it may be either benign or malig‑
nant. The distinction between benign and malignant tumors 
is the most important issue in cancer pathology  (7). The 
characteristics differentiating malignant from benign lesions 
are well established and comprise a rapid rate of growth, 
increased cell turnover, invasive growth, metastasis, and 
lymphatic and/or vascular channel invasion  (5,17). Benign 
tumors remain confined to their original location, without 
invasion of surrounding normal tissues or distant spread 
and dissemination (7). However, malignant tumors can both 
invade surrounding normal tissues and spread (metastasize) 
to other parts of the body via the circulatory or lymphatic 
systems  (7,10). Only malignant tumors are referred to as 
cancers, and the ability to metastasize is what makes cancer 
dangerous. The spread of malignant tumors to distant body 
locations frequently makes them resistant to treatment. Over 
one million cases of cancer are diagnosed in the USA each 
year, and more than half a million Americans succumb to 
cancer annually (7).

The majority of cancers fall into one of three main 
groups: Carcinomas, sarcomas and leukemias or lymphomas. 
Carcinomas are malignant tumors arising from epithelial 
tissues and comprise ~90% of human cancers (7). Sarcomas 
are rare solid tumors arising from connective and skeletal 
tissues  (7,18). Leukemias and lymphomas arise from stem 
cells in the bone marrow and from immune system cells, 
respectively  (7,19). Tumors are classified according to the 
tissue of origin and the type of cell involved. Cancers arising 
from 10 different body sites, including the breast, lung, 
colon/rectum, bladder, skin and uterus, as well as lymphomas 
and leukemias, account for >75% of the total incidence of 
cancer. Although there are numerous types of cancer, only a 
few occur frequently. The four most common cancer types, 
accounting for over half of the total cancer cases, are breast, 
prostate, lung and colorectal cancer (CRC) (7). The focus of 
the present review was the different types of CRC.

2. Colorectal cancer

In all fields of clinical practice and research, colon cancer 
(CC) and rectal cancer (RC) are considered as a single 
tumor entity, referred to as CRC. The term CRC is based 
on three different aspects. The first aspect is the hypothesis 
that CC and RC develop in the large intestine, which is 
considered to be a single organ. The second aspect is the 
similar anatomical structure of the colonic and rectal walls, 
comprising the mucosa, muscular layer and, in part, the 
serosa, as well as their similar histology. The third aspect 
is the similar functions of the colorectal tract, involving 
stool concentration, fluid resorption, stool transportation 
and excretion (20). CC accounts for 72% and RC for 28% 
of all CRCs, although the incidence of CRC generally 
states both statistics jointly (13). CRC, mostly comprising 
adenocarcinoma of the colon and rectum, is defined as a 
transformation of the normal colonic and rectal epithelium 
to a precancerous lesion (adenomatous intermediate) and, 
eventually, to an invasive carcinoma (adenocarcinoma), 
which may spread to different distant organs and give 
rise to metastatic lesions, with the liver being the most 
frequently affected organ (21‑24). This process requires an 
accumulation of genetic mutations that are either somatic 
(acquired) and/or germline (inherited) over a period of 
10‑15 years (23,24). The previous concept, referred to as 
‘colorectal carcinogenesis’, is a multistep genetic process 
in which mutations of diverse genes accumulate during the 
progression from normal colorectal epithelium to adenoma 
to invasive carcinoma (25), which will be described later.

Globally, CRC ranks as the third most common type of 
cancer (1,26) but ranks second in terms of mortality; it there‑
fore poses a substantial health and economic burden (1). It 
has been predicted that the incidence of CRC will increase to 
60% by the year 2030, although its incidence has decreased to 
some extent (27), possibly due to increased cancer screening 
and improved available therapies (24). Over 1.8 million new 
CRC cases and 881,000 deaths were estimated to occur in 
2018 worldwide for both sexes combined, representing ~1 in 
10 cancer cases and fatalities (1).

Generally, cancer may begin to show symptoms and 
signs as it grows and expands. The clinical presentation of 
patients with adenocarcinoma varies based on the primary 
position of the tumor and the extent to which other organs 
are involved (28). Studies reported that most CRC patients 
who completed the questionnaires described various 
symptoms with differing frequencies. The most frequently 
occurring symptom was blood in the stool (32.8%), followed 
by changes in bowel habits (28.9%), other symptoms, such 
as fatigue, decreased appetite, fever and nausea (22.0%), 
and abdominal pain (16.3%) (29). Blood in the stool was 
characterized as a symptom specific of CRC, whereas 
non‑specific symptoms included fatigue, nausea, fever, 
decreased appetite (29), weight loss, abdominal pain and 
bowel obstruction (28).

3. Classification of colorectal cancer

CRC is usually classified according to histological subtype, 
location and molecular pathway involved (22).
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Histological subtypes of CRC. The histological subtype is 
defined according to the traditional WHO classification of 
CRC (22,30). A number of histological subtypes of CRC have 
been characterized, such as mucinous, medullary, signet ring 
cell, adenosquamous, spindle cell, micropapillary, serrated 
and cribriform comedo‑type (31). All these variants can be 
further differentiated from colorectal adenocarcinoma (24). 
Colorectal adenocarcinoma and three of these variants are 
discussed in more detail below.

Colorectal adenocarcinoma. The vast majority of CRCs are 
adenocarcinomas, accounting for >90% of CRC cases world‑
wide. Adenocarcinomas are malignant neoplasms originating 
from the colorectal mucosal epithelial cells of the glands or 
glandular structures (22,28,31,32).

Mucinous colorectal adenocarcinoma. Mucinous colorectal 
adenocarcinoma is the second most common subtype of CRC 
and is characterized by the presence of extracellular mucinous 
pools in at least 50% of the tumor volume. This subtype 
accounts for 5‑20% of CRC cases worldwide  (22,31‑33). 
Carcinomas with a prominent mucinous component are usually 
labeled ‘adenocarcinomas with mucinous features (mucinous 
adenocarcinoma)’. This type typically exhibits large glandular 
structures with extracellular mucinous pools (31,34). A large 
number of mucinous adenocarcinomas are found in patients 
with hereditary non‑polyposis CRC [HNPCC or Lynch 
syndrome (LS)] and they represent high‑level microsatellite 
instability (MSI‑H) tumors (31,35).

Medullary CRC. The frequency of medullary CRC has been 
estimated to be 4% (22,36). This subtype is characterized by 
the combination of abnormal solid growth and an inflam‑
matory reaction  (22,30). Medullary carcinoma is strongly 
correlated with MSI‑H (22,30,31,37,38), often in combination 
with mutations of the BRAF gene, which is encodes the B‑Raf 
proto‑​oncogene serine/threonine‑protein kinase (22,30).

Signet ring cell CRC. Signet ring cell carcinomas are compara‑
tively rare in colorectum, representing <2% of all CRCs, and 
they are associated with a very poor outcome (22,31,39). This 
type of carcinoma is characterized by the presence of > 50% 
of cancer cells with a signet ring‑like morphology (31). Some 
signet ring CRCs may be MSI‑H tumors (32).

Rare types of CRC. Other rare types of CRC that are not frequently 
encountered include neuroendocrine, squamous cell, adenosqua‑
mous, spindle cell and undifferentiated carcinomas (24,31).

Classification of CRC according to location. CRC can also be 
classified according to its location along the colon. According to 
this classification, colon cancer is divided based on its embryo‑
logical origin into midgut or proximal colon and hindgut or 
distal colon. This division also appears relevant in terms of 
outcome, as distal colon cancer usually has a more favorable 
outcome compared with proximal colon cancer (22,40).

Classification of CRC according to molecular pathway. 
Molecular pathway classification has become increasingly 
important and plays a key role in CRC classification (22). 

CRC occurs due to mutations that target oncogenes, tumor 
suppressor genes and genes linked to DNA repair mecha‑
nisms. In general, both genetic and epigenetic instability play 
a critical role in the occurrence and development of CRC (41). 
The pathogenic mechanisms implicated in CRC may include 
three different molecular pathways: Chromosomal instability 
(CIN), MSI and cytosine preceding guanine (CpG) island 
methylator phenotype (CIMP) pathways (24,41,42).

CIN pathway. CIN is considered to be the classic, most common 
molecular pathway involved in the development of CRC and 
is responsible for 80‑85% of all CRC cases (22,41,43). CIN 
is a molecular alteration that is associated with an imbalance 
in the number of chromosomes, which leads to aneuploidy 
and loss of heterozygosity in tumors. Moreover, it can result 
from defects in different mechanisms, including chromosome 
segregation, telomere dysfunction and DNA damage response, 
which have an impact on genes that serve a key role in the 
maintenance of normal cell function (41,44). CIN tumors are 
associated with sets of mutations in specific tumor suppressor 
genes and oncogenes [including adenomatous polyposis coli 
(APC), KRAS, PIK3CA, TGF‑β and TP53], which activate 
pathways crucial for CRC initiation and progression  (44). 
The APC gene is a tumor suppressor gene that protects cells 
from malignant transformation (13). Inactivating mutations 
of APC lead to β‑catenin translocation into the nucleus and 
drives the transcription of genes involved in carcinogenesis 
and cancer invasion (41,44). In CIN CRC, inactivation of the 
APC gene occurs first and is followed by activating muta‑
tions of KRAS. The subsequent cancerous transformation is 
driven by additional mutations in the TGF‑β, PIK3CA and 
TP53 pathways (44). KRAS and PIK3CA are oncogenes that 
can cause cancer growth via the expression of oncoproteins, 
which, in turn, can cause an increase in protein activity, loss 
of regulation, or an increase in protein levels (13). However, 
mutational activation of KRAS and PIK3CA leads to a constant 
induction of MAPK, thus promoting cell proliferation. TP53 is 
a tumor suppressor gene that encodes the p53 protein, the main 
cell‑cycle checkpoint; therefore, TP53 mutational inactivation 
leads to an uncontrolled entry in the cell cycle  (41,44). In 
addition, CIN affects the TGF‑β pathway in CRC, which leads 
to defects in two important tumor suppressor genes, known 
as SMAD2 and SMAD4, the loss of which leads to apoptosis 
escape and deregulation of the cell cycle (41).

MSI pathway. The MSI pathway is the second most common 
molecular pathway involved the development of CRC (22). 
Microsatellites (MS), known as short tandem repeats, are 
short DNA sequences or tandem repeats (1‑6 base pairs) 
found throughout the entire genome (present in both coding 
and non‑coding regions) and represent ~3% of the human 
genome (42). Owing to their repeated structure, the ability to 
repair MS is decreased in tumors with MSI. Therefore, they 
are highly susceptible to mutations; these mutations tend 
to accumulate in non‑coding regions, as well as in coding 
MS (41,42,45). MSI is a molecular alteration pathway charac‑
terized by a hypermutable phenotype as a result of a defective 
DNA mismatch repair (MMR) system (41,42). The DNA MMR 
system is a highly conserved biological pathway that corrects 
base‑base mismatches, erroneous insertions and deletions 



ALZAHRANI et al:  AN OVERVIEW OF COLORECTAL CANCER4

created during DNA replication and recombination that have 
escaped the proofreading process (46). In tumor DNA, MSI 
is defined as the presence of alternate‑sized repetitive DNA 
nucleotides that are not found in the corresponding germline 
DNA (42). In general, mutations in DNA MMR genes lead to 
a DNA MSI phenotype. MSI in tumors leads to the mutations 
of MMR genes, including MutL homologue (MLH)1, MutS 
homologue (MSH)2, MSH6, and mismatch repair endonucle‑
ases PMS1 and PMS2 (47).

CIMP. Epigenetic instability is responsible for the third molec‑
ular pathway, the CIMP pathway, which is another common 
feature in CRC (41). CpG islands are short sequences within 
the genome found in promoter sites that have a greater number 
of cytosine and guanine (CG) residues and a higher frequency 
of CpG dinucleotides compared with other regions of the 
genome. Promoters, including CpG islands, are responsible for 
gene expression regulation of >50% of human genes (48). DNA 
methylation, an epigenetic modification, is an enzymatic reac‑
tion that adds a methyl group (‑CH3) to a cytosine nucleotide 
(C) at the 5‑position via the DNA methyltransferase (DNMT) 
enzyme to yield 5‑methyl‑C. The preferred substrate of the 
DNMT enzyme is commonly a CG dinucleotide sequence, 
known as CpG (48,49). A CIMP tumor is characterized by vast 
hypermethylation (epigenetic change) of oncogene promoters 
(CpG island sites), resulting in the silencing of tumor 
suppressor genes and the loss of protein expression (41,42,48). 
Several CIMP colorectal tumors exhibit the combined effect 
of genetic and epigenetic modifications that include the pres‑
ence of BRAF mutations as well as MSI (50), affecting the 
BRAF and MLH1 genes, respectively (24).

Classification of CRC according to mutation origin. Depending 
on the origin of the mutation, CRCs can be classified into three 
distinct groups: Sporadic CRC (SCC; 70%), familial CRC 
(FCC; 25%) and inherited CRC (ICC; 5%) (24,41,42).

SCC. The majority of CRCs are of the sporadic type. This 
involves ~75% of CRC cases without obvious evidence of an 
inherited disorder (approximately three‑quarters of patients 
have a negative family history) (42,51). Thus, the definition of 
SCC is a carcinoma that arises from colorectal tissue without 
a known association with inherited diseases (germline causes), 
a family history of CRC, or inflammatory bowel disease 
(IBD) (52). SCC is a somatic genetic cancerous condition (52) 
that is caused by point mutations that become noticeable during 
a patient's lifetime, is not associated with inherited syndromes, 
and only affects single cells and their descendants (41). SCC 
is common among individuals aged >50 years (24,53) and 
may be influenced by environmental factors, the patient's 
genetic background (52), dietary factors and aging (53). A CIN 
pathway is observed in 65‑70% of SCC cases (44). Genetically, 
SCC is caused by multiple mutations that can target different 
genes. Specifically, SCC progresses through the accumulation 
of a series of abnormalities in tumor suppressor genes and 
oncogenes. An initiating mutation (inactivation) occurs in the 
APC gene, inducing the formation of non‑malignant adenomas 
(polyps) that can ultimately transform to adenocarcinoma. 
This alteration is subsequently followed by mutations in the 
KRAS, TP53 and, finally, deleted in colorectal carcinoma 

(DCC) genes (41,54). Additionally, tumor suppressor genes 
require biallelic loss. Known as the ‘two‑hit’ model, this is 
observed in the loss of the APC 5q21 gene (80% sporadic), 
the DCC/SMAD2‑4 18q gene (73% sporadic) and the TP53 
17p gene (50‑70% sporadic) (24). Alteration of the MLH1 gene 
via promotor hypermethylation is a frequent somatic mutation 
in MSI‑H SCC (70‑95%) (42). Moreover, sporadic oncogene 
somatic mutations (RAS, SRC and MYC) are implicated in 
CRC. RAS mutation variants (HRAS, KRAS and NRAS) 
exhibit the greatest clinical relevance and are found in 50% of 
patients with SCC (24).

FCC. FCC accounts for 25% of all CRC cases. It occurs in 
the absence of an identifiable inherited syndrome and is often 
considered as sporadic (24,41,42). First‑degree relatives of 
individuals with a history of CRC are at a 2‑3‑fold greater risk 
of developing this type of cancer compared with that of the 
general population (42,55).

ICC. ICC accounts for merely 5% of all CRC cases (24,41,42). 
It is caused by inherited mutations that affect one of the alleles 
of the mutated gene. The hypothesis in ICC is that a point 
mutation in the other allele induces the transformation of the 
cancer cell and, thus, the development of carcinoma (41). The 
most common ICC subtypes are two syndromes: Familial 
adenomatous polyposis (FAP) and HNPCC (24,28,56).

FAP, an inherited CRC syndrome, is the most common 
hereditary polyposis syndrome. FAP is an autosomal domi‑
nant disorder with polyps mainly found in the proximal 
colon and rarely in the rectum (42,57). FAP is characterized 
by the development of several potentially malignant polyps 
in the colon (58). For individuals with FAP, the estimated 
mean age for developing polyps is 35 years, and these indi‑
viduals are at a high risk of developing CRC (57). The FAP 
syndrome is caused by a mutation (inactivation) in the APC 
gene (42,56,59). The APC gene is a tumor suppressor gene 
that encodes the APC protein, which is a multifunctional 
protein responsible for controlling cell proliferation and 
preventing the development of tumors. Moreover, the physi‑
ological role of the APC protein is to regulate the β‑catenin 
protein levels via degradation. The β‑catenin protein serves 
a key role in cell signaling, transduction of Wnt signaling 
and cell proliferation by acting as a transcription factor for 
proliferation‑related genes. However, a mutation in the APC 
gene leads to defective APC protein function, resulting in 
an accumulation of β‑catenin in the cell. Insertions, dele‑
tions and nonsense mutations of the APC gene have been 
described as causes of FAP syndrome (42,60). In addition to 
APC gene mutations, mutations of the KRAS, BCL‑2, P53, 
COX‑2 and DCC genes, among others, are also needed for 
cancer development (61).

HNPCC, also known as LS, is the most common heredi‑
tary CRC syndrome. LS is an autosomal dominant disorder 
caused by germline alterations (inherited mutations) in one 
of the alleles of DNA MMR genes and genes encoding DNA 
repair proteins, including MLH1, MSH2, MSH6, PMS1 and 
PSM2 (31,56,62,63). Mutations of the MSH1 and MLH2 genes 
account for the majority of LS cases (31,64). As previously 
mentioned, alterations in DNA MMR genes result in the 
development of a mutated phenotype known as MSI, which 
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is a hallmark of LS (42,65). Moreover, MSI‑H is observed in 
~90% of LS‑associated CRCs (42,66).

Consensus molecular subtypes (CMS) of CRC. New molecular 
discoveries in CRC classification have been made based on 
reported gene expressions and simplified clinical translation. 
These involved four CMS (42) and a mixed group that cannot 
be further classified  (22): i)  CMS1 (MSI immune, 14%), 
hypermutated, microsatellite unstable, defective DNA MMR 
system and strongly immunogenic; ii) CMS2 (canonical, 37%), 
characterized by high CIN, epithelial, marked activation of 
Wnt (a protein that plays a crucial role in stem‑cell differentia‑
tion and cell proliferation) and c‑MYC (protein that regulates 
cell proliferation and apoptosis) signaling, and highest overall 
survival rate; iii) CMS3 (metabolic, 13%), epithelial, evident 
metabolic dysregulation and KRAS mutation; and iv) CMS4 
(mesenchymal, 23%), characterized by CpG hypermethylation, 
prominent TGF‑β activation, stromal invasion and angiogen‑
esis, and lowest survival rate (22,24,41,42).

In addition to gene mutations within the types of CRC, 
modifications in non‑coding RNAs, such as long non‑coding 
RNAs or microRNAs, may also be involved in several steps of 
the carcinogenesis pathway and function as biomarkers (41).

4. Signaling pathways altered by colorectal cancer oncogenes

The several aforementioned types of CRC harbor a variety 
of mutations in different genes. These mutations mainly 
affect three signaling pathways: The Wnt‑β‑catenin signaling 
pathway (related genes: APC, AXIN2 and CTNNB1), the 
tyrosine kinase receptors (related genes: ABL, AKT, KRAS, 
LCK, SRC, RAF1, MOS and PIM1), and the TGF‑β signaling 
pathway (related genes: TGFβRII, SMAD2 and SMAD4). Other 
genes associated with CRC include DNA MMR (related genes: 
MLH1, MLH3, MSH2, MSH6, PMS1 and PMS2) and genes 
associated with cell cycle checkpoints and apoptotic pathways 
(BAX, Bcl‑2 and p53). In addition, it has been reported that 
genes related to the Hedgehog signaling pathway may also be 
affected in CRC (13).

5. Risk factors for colorectal cancer

A variety of risk factors are correlated with the incidence of 
CRC, which is considered to be a heterogeneous disease (42,56). 
Both genetic and environmental factors play a prominent role 
in the etiology of CRC and increase its risk (28,51), while other 
risk factors are associated with a modestly increased risk of 
CRC (24).

Inherited genetic risk. Hereditary factors are one of the CRC 
risk factors that cannot be controlled (56). Several hereditary 
CRC syndromes increase the risk of CRC  (28). The most 
common such syndromes are FAP and HNPCC, also known 
as LS (24,28,56). Approximately 5% of all CRC cases can be 
attributed to these two inherited conditions (24).

Personal and family history. The personal and family history 
of patients with CRC and the presence of adenomatous polyps 
are associated with a high risk for synchronous and metachro‑
nous primary CRC. In addition, a personal history of IBD 

(Crohn's disease and ulcerative colitis) is associated with an 
increased risk of CRC (24,28).

Race and ethnicity. There are wide variations in CRC survival 
that can be race‑ and ethnicity‑dependent. For example, in the 
USA, both Native Americans and African Americans have 
a greater risk of developing CRC and exhibit lower survival 
across all stages of CRC compared with Hispanic and white 
Americans (67).

Sex. The risk of CRC is slightly higher among men compared 
with that observed in women (28). Across all ages in every 
nation, men have a 1.5‑fold greater risk of developing CRC 
compared with women. Furthermore, in comparison to men, 
women are more susceptible to right‑sided colon cancer, which 
has a more aggressive phenotype compared with left‑sided 
colon cancer (67,68).

Age. Age is also a CRC risk factor that cannot be 
controlled (41,51,56). Over 90% of CRC cases occur in indi‑
viduals aged ≥50 years (69,70). The incidence rate of CRC is 
>50‑fold higher in individuals aged 60‑79 years compared 
with those aged <40 years (70,71).

Comorbidities. Comorbidities that increase the risk of CRC 
include diabetes mellitus/insulin resistance, childhood cancer 
survivors who underwent abdominal irradiation, uncontrolled 
acromegaly, cholecystectomy, long‑term immunosuppression 
following kidney transplantation  (24), cystic fibrosis, and 
patients with prostate cancer who undergo androgen depriva‑
tion therapy (67).

Environmental factors and lifestyle. It has been reported that 
there are strong associations between environmental and life‑
style factors and CRC development (56). Low socioeconomic 
status linked with poor medical care increases the risk of 
CRC. Nutritional practices include high meat consumption, 
red and processed meat consumption (24,56), diets high in fat, 
and diets low in fruit, vegetables and fiber are also associated 
with CRC risk (56). In addition, low physical activity, excess 
body weight and obesity have been reported to increase the 
risk of CRC (51,56). Cigarette smoking and heavy alcohol 
consumption may also be associated with an increased risk of 
developing CRC (24,28,56).

6. Treatment of colorectal cancer

Early diagnosis is a key factor in improving the survival 
of patients with CRC (29). Several types of cancer may be 
treatable if detected at an early stage, before metastases 
develop  (72,73). Generally, the standard modes of cancer 
treatment are chemotherapy, surgery and radiation (74), or 
a combination of these for advanced‑stage disease (75). The 
choice of treatment for CRC follows a multimodal approach 
that depends on tumor‑related characteristics, such as loca‑
tion, size, extent of cancer metastasis and the health status of 
the patient (41,76). In general, various treatment approaches 
for primary and metastatic (mtCRC) have emerged, providing 
patients with more options; these approaches involve 
laparoscopic surgery for primary CRC (early‑stage), more 
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aggressive resection of mtCRC (such as pulmonary and liver 
metastases), radiotherapy for RC, neoadjuvant chemotherapy 
and palliative chemotherapy (51). Surgical resection is the 
main modality for patients with potentially curable and local‑
ized early‑stage CRC (24,41,77); however, depending on the 
disease stage, neoadjuvant chemotherapy and/or radiotherapy 
may be administered before or after surgery (77). Among the 
various types of solid tumors, it is only in patients with CRC 
that the survival rate can be increased by the surgical removal 
of distant metastases from organs such as the lungs and liver. 
The survival of patients with unresectable mtCRC can be 
increased by treatment with systemic chemotherapy  (21). 
In CRC, the use of chemotherapy is usually combined with 
monoclonal antibodies against EGFR and VEGF to inhibit 
tumor growth and angiogenesis (13,24). A palliative systemic 
approach is used for non‑surgical CRC cases (patients with 
late‑stage mtCRC) to improve the quality of life and prolong 
life expectancy (24). To increase treatment effectiveness and 
reduce the side effects of traditional chemotherapy, alterna‑
tive therapies are currently under investigation, such as 
anti‑inflammatory drugs, gold‑based drugs, agarose macro‑
beads and probiotics (41). However, despite the advances in 
the treatment of CRC, late diagnosis of the disease and the 
lack of safety and effectiveness of chemotherapy remain 
major obstacles in treatment efficacy (78).

7. Conclusion

CRC is a heterogeneous disease that includes multiple carci‑
nogenic pathways. In the majority of the cases, CRC‑related 
mortality may be reduced by early diagnosis (colonoscopy), 
applying existing knowledge on cancer prevention and 
effective treatment. Although there are numerous molecular 
mutations implicated in CRC, more research is required to 
fully elucidate the basis of CRC. Avoiding CRC risk factors 
holds the most promise for preventing its development among 
different populations worldwide. Finally, CRC studies that 
focus on the discovery and development of new therapies that 
are less aggressive and more effective than conventional treat‑
ment are needed to ameliorate the overall survival and quality 
of life of patients with CRC in the future.
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