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Abstract. Colorectal cancer (CRC) ranks as the third leading
cause of cancer-related mortality worldwide. Recent years have
witnessed an increase in the incidence of CRC among adults
<50 years old on a global scale. The increased incidence is asso-
ciated with several modifiable risk factors, including obesity,
type II diabetes, physical inactivity and frequent antibiotic use.
In younger individuals, haematochezia and abdominal pain
are the most common symptoms, predominantly affecting the
left-side colon. While certain cases of early-onset CRC (eoCRC)
are associated with a genetic predisposition, the majority result
from sporadic mutations in the genes APC, KRAS, BRAF and
TP53, which trigger uncontrolled cell proliferation and tumour
formation. Colorectal carcinogenesis involves three major
pathways: The chromosomal instability (CIN), microsatellite
instability and CpG island methylator phenotype pathways.
Dysregulation of the CIN pathway accounts for 85% of sporadic
cases of e0CRC. Notably,eoCRC exhibits a distinctive molecular
profile, characterized by a decreased prevalence of BRAF muta-
tions, an increased prevalence of KRAS mutations and LINE-1
hypomethylation, and involvement of the Microsatellite and
Chromosomal Stable pathway. Prevention strategies for eoCRC
primarily centre on lifestyle modifications and the development
of screening programs targeting younger populations. Further
exploration into the molecular mechanisms involved in the
identification of novel risk factors associated with eoCRC is
imperative. These efforts, in conjunction with the development
of specific screening strategies, hold the potential to reduce
morbidity and mortality in the future.
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1. Introduction

Colorectal cancer (CRC) which comprises cancer of the colon
and/or rectum, is the third most common cancer worldwide,
with more than 1.93 million new cases and 935,173 deaths
reported globally in the year 2020 (1). CRC ranks third in
cancer-associated mortality in both males and females world-
wide, and its incidence has uniquely increased in various
high-income countries, including the United States, Germany,
the United Kingdom, Australia, and Canada (2,3).

In the mid-1990s, screening for CRC begun among
average-risk individuals across the population for all adults
who were 50 years of age and above. Since then, the incidence
and subsequently the mortality for ‘late onset CRC (loCRC)’
among individuals 50 years or older have been decreasing (4).
On the contrary, the incidence of CRC in young adults under
50 years old, defined as early-onset CRC has dramatically
increased since the mid-1990s (2). In this article, the term
‘late-onset CRC (IoCRC)’ will refer to individuals 50 years
or older, and ‘early-onset CRC (eoCRC)’ will refer to patients
diagnosed with CRC before the age of 50. Currently, the largest
percentage of people suffering from eoCRC falls within the
40-49 age group, accounting for approximately one in eight
new cases of CRC (5) and comprising an overall 10-12% of
total CRC diagnoses (6).

CRC develops when stem cells resigning at the base of the
colon crypts undergo genetic and epigenetic modifications
which affect oncogenes and tumour suppressor genes, leading
to the transformation of normal stem cells to cancerous stem
cells (7). Through multiple rounds of clonal expansion of
selected cells, colon cells undergo malignant transformation,
resulting in loss of genomic stability (8).

The majority of CRC cases occur sporadically (94%)
with main precursors involving an adenoma or serrated
lesion, while the minority (5%) are the result of inherited
predisposition syndromes, including the Lynch Syndrome
and the Familial Adenomatous Polyposis (FAP) syndromes,
and with only 1% being attributed to chronic inflammatory
conditions (9).
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Colon tumours are located in the proximal colon, encom-
passing the cecum and the ascending and transverse colon, and
in the distal colon, encompassing the descending and sigmoid
colon. Rectal tumours are located in the rectosigmoid junction
and rectum. There is variation in the anatomical dispersion
of CRC due to age and sex; for example, the frequency of
cancer diagnosis in the distal colon and rectum is higher in the
younger population group (adults between 18-49) compared to
the frequency reported in the older population group (adults
older than 50 years) (10).

The younger individuals suffering from eoCRC have
differences both in their clinical presentation as well as their
tumour histology when compared to older individuals suffering
from loCRC (11). A higher recurrence of advanced disease and
more invasive features are reported in younger individuals,
signifying the urgent need to understand the possible aetiolo-
gies behind these trends (12,13). Patients under the age of 50
commonly present with a later stage of cancer due to a delay in
diagnosis (14-16). One study has supported that the time lapse
from the initiation of symptoms to consultation with a primary
care provider may be 6-fold longer in younger patients than in
older patients (17). Young adults may also have greater odds of
a second primary malignancy in the initial 6-11 months after a
CRC diagnosis, compared to older patients who have reduced
rates, possibly due to specific risk factors contributing to the
pathogenesis of eoCRC (18). In addition to age and family
history of CRC, well-documented modifiable risk factors
of eoCRC include obesity, type II diabetes, unhealthy diet,
physical inactivity, and frequent antibiotic use (19).

Colonoscopy represents a truly preventative CRC
screening measure since it detects adenocarcinoma formation
and, therefore, prevents progression towards malignancy (20).
In older individuals, around 65% of the population at risk is
regularly screened, and incidence has significantly dropped for
the age group 50-65 by 0.7% and by 4% in individuals above
65 years of age from 2007 to 2016 (4). On the other hand, the
increased incidence of eoCRC could be attributed to unavail-
ability of screening, and evidence has shown that approximately
25% of eoCRC cases could have been averted through aware-
ness of positive family history being a risk factor and prompt
commencement of screening in high-risk individuals (21).

Evidence is now emerging regarding the drivers of
sporadic onset of eoCRC; yet it remains unclear whether these
individuals present with distinct clinical features and pathways
involved in carcinogenesis. Moreover, it remains to be eluci-
dated whether certain environmental triggers and sedentary
lifestyle are key contributors to the rising incidence in young
adults. Despite similar treatment options in CRC patients
regardless of age, comprehending the molecular mechanisms
of eoCRC will aid in improving approaches in treatment and
prevention (22).

Guidelines with regards to the treatment of eoCRC do not
distinguish among younger and older patients; yet evidence
supports that younger patients may receive more intensive
treatment (23), while clinical outcomes and response to
chemotherapy may be similar across age groups (16).

The aim of this paper is to provide an overview of our
current knowledge on CRC with a focus on epidemiology,
presentation, pathophysiology, and prevention of disease
among young individuals.

2. Methods

The databases used to retrieve articles to be included in this
narrative review were PubMed, EBSCO and Cochrane Library.
We employed the following search terms: ‘colorectal cancer’,
‘incidence’, ‘early-age onset’, ‘young adults’, ‘sporadic’,
‘mortality’, ‘epidemiology’, ‘developed countries’, ‘risk factors’,
‘obesity’, ‘screening guidelines’. The selected articles were
within the timeframe of 20091 to 2023, and we exclusively
included journal articles published in the English language.
Additional information was retrieved from the American
Cancer Society, WHO and NICE guidelines. The clinical trials
were retrieved from Clinicaltrials.gov using the keywords:
‘gene mutations’, ‘early age’, ‘genetic analysis’.

3. Epidemiology

Incidence and prevalence. CRC is the third most commonly
diagnosed cancer worldwide among both sexes, accounting for
10% of global cancer incidence. According to GLOBOCAN
2020, there were 1.15 million new colon cancer cases,
0.7 million new rectal cancer cases and 50,000 new anal cancer
cases in the year 2020 worldwide (1). The age standardized
incidence rates across the world were 23.4 in males and 16.2 in
females per 100,000 population in the year 2020 indicating a
slight predominance in males (44% higher incidence in males
vs. females) (1).

Globally over 1.93 million new cases of CRC patients were
reported for the year 2020 (1), of which 17,930 new cases were
individuals younger than 50 years of age (4). The estimated
worldwide incidence of eoCRC in 2020 revealed that it was the
fourth most common cancer (24). Currently, it is expected that
1 in 23 men (4.4%) and 1 in 25 women (4.1%) in the US will
have a CRC diagnosis in the course of their lives (4).

In 2019, the average global incidence rate of eoCRC was
5.7 (per 100,000 person-years), with males having a 6.9 inci-
dence rate (per 100,000 person-years) and females having a
4.6 incidence rate (per 100,000 person-years), also indicating
a slight male predominance in individuals with eoCRC (2.3
higher incidence rate in males vs. females) (25).

Generally, a rise in incidence has been reported in
low-income and middle-income countries, while it has been
declining or stabilizing in high-income countries that imple-
ment screening for individuals above 50 years of age (26).
Contrary to the decline in incidence patterns from 2014 to
2018, with a decrease of approximately 2% per year in those
aged 50 and older, the incidence of CRC in younger adults for
the same period has risen by 1.5% per year (27). Japan, China
and the USA are the top three countries with the highest inci-
dence of CRC (1). The steepest rises in incidence rates from
a 47-state cancer registry are in non-Hispanic whites in most
states in the USA (3). An increase in the incidence of CRC
in young adults has also been observed in other high-income
countries, including Australia, the United Kingdom, Canada,
and Germany (3). Age-standardized incidence rates of
Hungary, Slovakia and Norway were the highest in 2020,
with rates of 45.3,43.9 and 41.9 per 100,000 persons, respec-
tively (1). In the years 2012 to 2016, the incidence rates varied
from 30 (per 100,000 persons) in Asia/Pacific Islanders to
45.7 (per 100,000 persons) in non-Hispanic black individuals
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and 43.3 (per 100,000 persons) in American Indian/Alaskan
natives (4). Data from the National Cancer Institute in the
USA indicate that for the time period 2006-2016, in all
five-year age groups from 20-49, the steepest rise was
among the group of 40-49 years of age (23). The National
Comprehensive Cancer Network guidelines estimated that
the rate of incidence of colon and rectal cancers will rise by
90 and 124.2%, respectively, for patients of 20-34 years of
age by the year 2023 (28).

Mortality and survival rates. Analogous to the incidence
patterns, the mortality rate of CRC varies in different age
groups with steady annual decline in the elderly and a steady
annual increase in those younger than 50 years, as reported in
recent years. According to data from GLOBOCAN 2020, the
highest mortality of CRC in 2020 for both sexes was in Asia
(54.2%), followed by Europe (26.2%), Latin America and the
Caribbean (7.4%), and the lowest in Africa with 4.6% (29).

The CRC mortality rates in the US for the time period
of 2008-2017 decreased by 3% per year in those older than
65 years and by 0.6% per year in those aged 50-64 years.
On the contrary, for individuals younger than 50 years, the
mortality rate increased by 1.3% (4). The global death rate
in eoCRC increased from 1.9 per 100,000 people in 1990
to 2.2 per 100,000 people in 2019, with the highest death
rates per 100,000 person-years in Seychelles, Bulgaria and
Ukraine (25).

Major advancements in treating CRC, such as the removal
of polyps and improved screening efforts, have contributed to
high five-year survival rates at initial stages of diagnosis. For
the period of 2010-2014, the 5-year net survival in most coun-
tries in western Europe and North America was between 60
and 70%, while in Africa, Asia, South America, and Eastern
Europe, it was less than 50% (30). In the USA, in the years
2008-2014, the five-year relative survival rates were 92% for
stage I colon cancer, 87% for stage ITA, and 65% for stage I1B.
Surprisingly, the 5-year survival rates were slightly higher for
stage IIT when compared to stage 11, i.e., the survival rate was
90% for stage I1IA and 72% for stage I11B, 53% for Stage I1IC
and 12% for stage IV (metastasis) (31). The 5-year relative
survival rate for people diagnosed with colon cancer between
2012 and 2018 was 91% for localized SEER stage, 72% for
regional, and 13% for distant stage. For people diagnosed
with rectal cancer in the same time period, the 5-year relative
survival rate was 90% for localized, 74% for regional, and 17%
for distant stage (32).

Risk factors. Despite a greater fraction of early CRCs being
hereditary, the majority of CRCs cases are sporadic (4).

Non-modifiable risk factors. The main non-modifiable
risk factor for CRC is family history, as individuals with a
first-degree relative with CRC have a two to four times higher
risk of being diagnosed with the disease before 50 years
old and have several affected family members. Particular
under-recognition of inherited colon cancer conditions like
Lynch syndrome and FAP exists, contributing s to the rise in
the incidence rates. For instance, in patients diagnosed with
CRC from 1990 to 2010 under the age of 50, only 27% under-
took genetic screening testing for Lynch Syndrome (5).

Modifiable risk factors. While the mechanisms underlying
the established increase in the incidence of sporadic CRC
in young adults remain unresolved, several modifiable risk
factors, namely obesity, type II diabetes, antibiotic use, diet,
and physical activity are implicated in the pathogenesis of
eoCRC (20).

Obesity. Insulin resistance, hyperinsulinemia, and
increased inflammation are associated with weight gain in
early adulthood (at 18 years of age) and an increased BMI,
linking obesity, as well as diabetes and sedentary lifestyle, to
eoCRC (33).

In a study among 85,256 nurses aged 25-42 years, it was
discovered that for every 5-unit rise in Body Mass Index
(BMI), there was a 20% higher risk of early-onset CRC driven
sporadically, and that both weight gain starting from 18 years
of age and BMI at 18 promoted this association. Those with a
BMI=30 had almost double the risk of eoCRC in comparison
to those with BMI at 18.5-22.9 (33).

Nutrition. A positive association has been reported
between increased CRC incidence and excess consumption
of red and processed meat (34). Evidence has suggested that
antibiotic use, with potential alterations in the constitution of
the gut microbiome, is also correlated to increased CRC risk.
Increased duration of antibiotic use in age groups 20-39 and
40-59 was significantly related to an elevated likelihood of
colorectal adenoma which is the precursor for most CRCs (35).

Gut microbiota. Modifications in the gut microbiome from
obesity, antibiotic use, and consumption of red and processed
meats found in Western diet lead to intestinal dysbiosis. Some
bacteria (proteobacteria and fusobacteria) are pro-tumouri-
genic and cause alterations in colon integrity, thereby having a
direct effect on inflammatory responses via the production of
toxins, short chain fatty acids, and changes in the composition
of bile acid (34).

4. Disease presentation

The most common symptoms of CRC include rectal bleeding,
abdominal pain, change in bowel habits and anaemia (36).
In addition, haematochezia and abdominal pain have been
reported as the most common symptoms at presentation
in young patients less than 50 years of age when compared
to patients older than 50 (Haematochezia: 28.8% in <50 vs.
23.2% in >50 and Abdominal pain: 41.2% in <50 vs. 27.2% in
>50) (15).

An increased incidence of CRC in younger patients has
been associated with left-sided cancer, which can emerge with
a change in bowel habits because of bowel lumen narrowing.
It can usually manifest with diarrhoea, change in stool
form and subsequently bowel obstruction. Nevertheless, the
symptoms are also typical of other disorders contributing to
serious delays in diagnosis. In comparison to older cohorts,
most young patients suffering from CRC present with a more
advanced stage of disease and poorer tumour differentiation.
Abdominal distension, vomiting and weight loss are indica-
tive of advanced disease and rectal pain may flag up a bulky
tumour with local pelvic invasion. Metastatic disease has been
reported in 61.2% of young patients in comparison to 44.5%
in those above 50, and there may be evident hepatomegaly or a
palpable abdominal mass (37).
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5. Diagnosis

Patient and family history. Patient consultations provide the
opportunity for doctors to inquire about their patients' personal
and family history. It is important for doctors to obtain a thor-
ough family history that spans three generations. Constructing
a family pedigree allows for a visual representation of family
cancers, and this structure can be easily updated as new infor-
mation becomes available (38).

In the presence of any possible symptoms, general prac-
titioners (GPs) should ask if the patient has a family history
of CRC or whether they have a predisposing condition, such
as FAP. Specifically, GPs must collect information regarding
the degree of kinship, the number of relatives diagnosed
with CRC, and the age of affected individuals among those
who have biological relatives with a history of either CRC or
colorectal adenomas (39). However, it is important to note that
doctors should be reminded that young adults with eoCRC
may not exhibit evident risk factors, such as family history,
which could guide early diagnosis of the disease (6).

Clinical examination. In cases where colon cancer is
suspected, during a clinical consultation, doctors focus on
clinical examination and laboratory findings. A major contri-
bution to the diagnosis of CRC in almost one-third of the
patients is abdominal examination. A digital examination is
of equal diagnostic importance and more applicable for rectal
compared to colon cancer patients (40).

Non-invasive tests and blood tests. Primary non-invasive
screening tools include guaiac faecal occult blood tests
(gFOBTSs) or faecal immunochemical tests (FITs) (14). A full
blood count is ordered in suspected CRC patients since iron
deficiency, with or without anaemia, is the most common
haematological finding in CRC.

Colonoscopy and biopsy. Colonoscopy assesses tumour
location and allows simultaneous sampling of biopsy and histo-
logical evaluation, which is the gold standard for diagnosing
CRC (8). The two predominant premalignant CRC lesions
include serrated lesions and conventional adenomas (41). The
quality of colonoscopy imaging has improved substantially
during the last 20 years with the use of high-definition white
light endoscopy (hWLE), which encompasses high-resolution
video screens (8). Procedural risks associated to sedation,
contraindication of administering bowel preparation due to
the impeding risk of obstruction, operator dependency and its
invasive nature may have contributed towards the alarming
increase in CRC incidence within young adults (42).

CT colonography. CT colonography provides equal sensi-
tivity as colonoscopy without the need for sedation, thereby
allowing an endoluminal colon view using low-dose CT scan-
ning. Therefore, it can be used as an alternative method of
colonic assessment in patients who are unsuitable candidates
or for whom colonoscopy is contraindicated. In comparison
to double-contrast barium enema, CT colonography is the test
of choice since it is better tolerated and more effective (41).
However, radiation exposure and costs are important factors
for consideration.

Flexible sigmoidoscopy. Flexible sigmoidoscopy allows
visualization of the rectum and sigmoid colon and is highly
sensitive in diagnosing left-sided CRC neoplasms at low cost
and with minimal patient discomfort (23). Its major drawback
includes a reduced benefit in protecting against right-sided
CRC “1).

CT scan. Once a CRC diagnosis is made, a CT scan of the
chest, pelvis and abdomen is essential for preoperative staging
using oral and intravenous contrast, as well as for the identifi-
cation of distant metastases (43).

Staging. CRC is classified using the tumour-node-metastasis
(TNM) classification for staging. T describes the extent of
tumour invasion depth in the various intestinal wall layers,
N describes the number of lymph node involvement, and M
describes the presence of distant metastasis. Stage I is limited
to the intestinal wall and is early-stage cancer without metas-
tasis to the lymph nodes; stage II is cancer without metastasis
to the lymph nodes; stage I1I is cancer with lymph node metas-
tasis but no distant metastasis and stage IV is cancer with
presence of distant metastasis (24).

6. Pathophysiology

CRC can either occur sporadically (94%), or due to inherited
mutations (5%) or may be derived due to chronic inflammatory
bowel diseases (IBD) including Ulcerative Colitis or Crohn's
disease (1%) (9).

Sporadic mutations and pathways of carcinogenesis. Sporadic
mutations are associated with three proposed carcinogenetic
pathways which include the chromosomal instability (CIN),
the CpG island methylator phenotype (CIMP) and the micro-
satellite instability (MSI) pathways (23).

The CIN pathway. The CIN pathway is the most frequent
mutated pathway in colon cancer corresponding to about 70%
loCRC cases and 85% of eoCRC cases. It is characterised by
an imbalance in chromosome number (aneuploidy) and loss
of heterozygosity (22). In this pathway, the adenomatous
polyposis coli (APC) gene, implicated in the WNT/S-catenin
signalling pathway, underdoes loss-of-function mutations,
which trigger abnormal crypt foci formation. Subsequently,
inactivating mutations in tumour suppressor genes 7P53 and
activating mutations in proto-oncogenes KRAS and C-MYC
can lead to the transformation of tubular adenomas into
adenocarcinomas. Defects in this pathway are responsible for
85% of eoCRCs, which are associated with an increased rate
of advanced histologic presentation, diagnosis at a later stage,
and a reduced prevalence of CRC in the right colon (20,44).
There are differences in the genetic mutations reported in
loCRC compared to eoCRC. In early onset CIN tumours, the
loss of s chromosomal loci harbouring genes of the FOX tran-
scription factor family as well as the TJP2 gene, can disrupt
the regulatory control of gene expression, thereby contributing
to carcinogenesis (45). The FOX transcription factor family
comprises of numerous members and each member has a
distinct roles in the regulation of various signalling pathways
(e.g. the WNT/[3-catenin pathway) (46). The TJP2 gene codes
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for the Tight Junction Protein 2 and plays a crucial role in the
formation and maintenance of tight junctions (47). In CRC,
TJP2 is mutated contributing to disrupted tight junctions and
increased permeability, and potentially promoting carcinogen-
esis by allowing the escape of cancerous cells into surrounding
tissues (48).

At the same time, early onset CIN tumours gain
chromosomal loci which contain genes for BMPRIA
(Bone Morphogenetic Protein Receptor Type 1A) and
AMPK-(AMP-activated protein kinase) (45). The BMPRIA
is gene associated with the BMP signalling pathway which
plays a role in cell growth and differentiation. Mutations
in the BMPRIA gene are linked to the Juvenile Polyposis
Syndrome, a rare autosomal dominant condition character-
ized by multiple gastrointestinal hamartomatous polyps with
a high risk of developing CRC (49). The regulatory subunit
of AMPK is indirectly associated with CRC. Dysregulation
of AMPK including its regulatory submit, can impact cellular
energy metabolism and signalling pathways, contributing to
carcinogenesis in the colon (50).

Contrastingly, late-onset CIN tumours lose chromosomal
loci which contain the SMAD4, DCC and APC genes. The
SMAD4 gene is considered a tumour suppressor gene since
it encodes a protein that plays acritical role in the TGF-3
signalling pathway regulating cell growth and apoptosis (45).
The DCC (Deleted in Colorectal Cancer) gene is also consid-
ered as a tumour suppressor gene and encodes a receptor for
the netrin-1 protein and functions in axon guidance during
neural development (51). The APC (Adenomatous Polyposis
Coli) gene regulates the Wnt signalling pathway and it is
also a critical tumour suppressor gene; mutations in this gene
are associated with the development of CRC through the
promotion of uncontrolled cell grown and the formation of
precancerous polyps (45).

The KRAS gene encodes a GTPase that participates in cell
signalling pathways controlling cell growth and differentia-
tion. KRAS can be considered an oncogene when it undergoes
specific activating mutations that promote uncontrolled cell
growth and contribute to cancer development. Mutations in
KRAS are commonly found in CRC. A higher prevalence
of mutations in the KRAS gene have been found among
e0CRC (54%) in comparison to loCRC (40%) (52). The higher
frequency of KRAS mutations in young individuals compared
to older individuals suggest that these mutations are important
in the development of eoCRC (45).

LINE-1 (Long Interspersed Nuclear Element-1), is a
type of retrotransposon, a repetitive DNA sequence that can
replicate and insert copies of itself at various locations in the
genome (53).

LINE-1 hypomethylation is an epigenetic alteration i.e., a
reduction in the methylation of LINE-1 retrotransposons in
the DNA that is associated with genomic instability and may
contribute to CRC by increasing the potential of genetic muta-
tions and therefore activation of certain proto-oncogenes.

LINE-1 hypomethylation is an early CRC associated event;
consistently lower levels of LINE-1 hypomethylation are
found in eoCRC compared to loCRC. Moreover, associations
between f LINE-1 hypomethylation with distal tumours and
worse prognosis have been reported. LINE-1 hypomethylation
is recognized as an independent factor for higher mortality,

yet it is unclear whether this is a distinct feature of sporadic
eoCRC (54).

The CIMP pathway. The CIMP pathway, corresponding
to 30% of the sporadic CRC cases, involves hypermethyl-
ation of CpG islands contributing to the silencing of genes.
Consequently, the promoter associated CpG-rich regions
of tumour suppressor genes undergo inactivation of tran-
scription leading to cancer development. In eoCRC, there
is a lower number of BRAF mutations and reduced MLH1
promoter hypermethylation, compared to patients with later
onset (55). Typically, CpG island methylation in colonocytes
is an age-related phenomenon, and in young adults with CRC,
this pathway is not usually observed since they undergo less
extensive CpG island methylation (23).

The MSI pathway. The MSI pathway, accounting for 10-15%
of the sporadic CRC cases, involves the disruption of DNA
mismatch repair (MMR) genes that are normally respon-
sible for identifying and repairing replication errors and
proofreading newly synthesized DNA. This pathway is char-
acterized by accumulation of single nucleotide mutations and
modifications in the lengths of repetitive microsatellite nucleo-
tide sequences. Tumours of this pathway occur in two forms
of CRC: sporadic cases, where it involves epigenetic silencing
(hypermethylation) of the MLHI promoter, and hereditary
cases like Lynch syndrome, which include germline mutations
in the MMR gene (56). In comparison to CRC in older patients,
where nearly all MSI cases represent sporadic MSI tumours,
MSI in eoCRC is associated with germinal defects in all MMR
genes (MLHI, MSH2, MSH6, PMS?2) thereby causing various
genetic predisposition syndromes (57).

The carcinogenic pathways are not mutually exclusive and
can sometimes coexist The Microsatellite and Chromosome
Stable (MACS) pathway can exhibit both chromosomal and
microsatellite stability. Banerjea et al reported that the MACS
pathway is most frequently reported in eoCRC patients with
MACS tumours had lower survival than patients with CIN or
MSI tumours (58). The MACS pathway is rarely associated
with BRAF mutations, and presents with a different hypometh-
ylation pattern than MSI and CIN (56).

Genetic predisposition syndromes. The two most common
genetic predisposition syndromes for CRC include the Familial
Adenomatous Polyposis (FAP) syndrome and the Hereditary
Nonpolyposis CRC (Lynch syndrome). FAP arises mostly
from the CIN pathway and prompts the formation of hundreds
to thousands of adenomatous polyps during the individuals'
adolescence. If left untreated, these individuals will subsequently
develop CRC at approximately 40 years of age. Lynch syndrome
emerges from the MSI pathway via inherited MMR gene muta-
tions (56). There is an increased risk for CRC among young adults
at an average age of 44 because of greater undiagnosed Lynch
syndrome patients. Furthermore, there is a high risk of Lynch
Syndrome patients developing extracolonic metastasis including
endometrial, small intestine and ovarian metastasis (59).

Clinical trials. Ongoing clinical trials aim to identify different
mutations occurring in eoCRC and to determine the signifi-
cance of these in predicting the treatment outcomes.
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One clinical trial (‘Genetic study of young patients
with colorectal cancer’ (NCT00044967)) was conducted
to determine the significance of gene mutations in helping
predict the outcome of treatment in patients who develop
stage I, stage II, or stage III CRC at an early age. The study
was completed in 2004 but no results were posted (60).
Furthermore, another clinical trial (‘Targeted Next-generation
Sequencing Panel for Identification of Germline Mutations in
Early Onset Cancers with Sporadic or Hereditary Presentation
(PANEL) NCT02664389)), involved the sequencing of 200
selected somatic cancer genes of eoCRC patients, without
genomic alterations in APC, MLHI, MSH?2 and various other
genes and was conducted to identify germline deleterious
mutations. The study was completed in 2017 but no results
have been published yet (61).

Lastly, another clinical trial (‘Young-Onset Colorectal
Cancer’ (NCT02863107)) is being conducted to investigate
the genetic factors that may contribute towards the develop-
ment of CRC at a young age. Defining the clinical phenotype
of young-onset vs. later onset CRC and examining germline
genetic alterations in individuals with CRC and families at
high risk of cancer may help identify new cancer genes. The
study will be completed in 2030 (62).

Differences in the histology of young vs. older CRC patients.
Evidence in the literature supports that CRC in young adults
more commonly occurs in the distal colon and rectum while
older patients more commonly present with proximal tumours.
The histological features which are distinct in young patients
with CRC include a more aggressive pattern like signet-ring
cell and mucinous tumours, in addition to poor differentia-
tion. Furthermore, invasion of veins and perineuronal regions
is more commonly observed in younger compared to older
individuals (59).

7. Prevention

Primary prevention. Primary prevention is designed to prevent
a disease or condition, from occurring and is targeting people
not affected by the disease. Primary prevention includes the
measures that prevent illness onset before the disease process
begins. CRC focuses on encouraging lifestyle modifications
including a healthy diet and increased physical activity which
in combination can prevent obesity, and smoking cessa-
tion (63). Evidence from research studies supports that a higher
consumption of dietary fibre or whole grains, calcium, and
dairy and decreased consumption of red and processed meat
and alcohol are associated with reduced CRC risk (6,64,65).
Health promotion targeting younger populations can
ultimately help shape future lifestyle habits and enhance
cancer prevention behaviours (44). A number of different
strategies have been implemented with the scope of preventing
eoCRC. One approach to effectively reach the target audience
among 30-49 years of age is social media platforms, since
in a national survey 98% of American adults from this age
group have internet access (66). Organizations established by
the government such as National Cancer Institute have used
social media marketing strategies through multiple platforms
and channels, such as blogs and Facebook to deliver a wide
range of health promotion content (67). In countries with low

socio-economic status like Ethiopia, CRC awareness is low
(42,40%) and more than a third of the participants from a
cross-sectional study evaluating CRC awareness in Ethiopia
revealed that they received information related to CRC from
mass media followed by social media. Participants who
received information through social media were 2.5 times
more likely to have high awareness of CRC than those getting
information from other sources (68). Further evidence in the
literature supports that health promotional campaign launches
and access to peer support groups provide useful means to
reach health consumers since these platforms help with provi-
sion of interactions, delivery of tailored material and enhanced
access to health information (69).

In people with Lynch Syndrome, daily aspirin for longer
than 2 years is recommended to prevent CRC (70). In addi-
tion, ongoing research is conducted to investigate whether
primary prevention with aspirin in average/increased risk
patients can reduce the risk of developing CRC (71). Low-dose
aspirin is also recommended in adults 50 to 59 years of age
with CRC who have a cardiovascular disease risk in the
following 10 years and are not at risk of haemorrhage (72).
Use of NSAIDs (except aspirin) was found to decrease the
risk for CRC in patients 40 years and above with considerable
effects mostly at higher doses, in women, white individuals
and cancer at the distal colon (73).

Secondary prevention. Secondary prevention aims to mini-
mize the impact of a disease that has already occurred and
includes measures leading to early diagnosis and prompt
disease treatment to halt or slow down its progress. Unlike
other cancers, CRC is a slowly progressive cancer. Therefore,
as a form of secondary prevention, adenomas can be detected
and removed during colonoscopy. Early detection allows diag-
nosis at an earlier treatable stage and improves survival (63).

Successful CRC secondary prevention entails
screening (72). Since the beginning of this century both the
incidence and mortality of CRC for older individuals above
50 have decreased by about one-third due to screening
colonoscopy (3). In contrast, the incidence and mortality in
young adults who do not undergo screening are rising. For
this reason, the American Cancer Society has decreased
recommended age for commencing screening for CRC in the
population from age 50 to 45 (74). In 2021, the National Health
Service (NHS) in England reduced the screening age from 60
to 50 years old, while the screening recommendations by the
US Preventive Services Task Force start at 45 and continue
through to 75 years old (75). Screening using colonoscopy
from ages 45 to 75, instead of 50 to 75, has shown an estimated
6% increase in years of life gained, with a 17% increase in the
number of colonoscopies performed (76).

First degree relatives of CRC individuals with documented
advanced adenomas are instructed to begin screening on
average 10 years before the youngest age that an affected
first-degree relative was diagnosed or from the age of 40 (41).
The UK National Screening Committee recommends screening
every 2 years from the age of 50 using FIT which has shown
effectiveness in prevention and decreased mortality. It remains
to be elucidated whether a combination of FIT screening and
bowel scope testing provides additional benefit compared to
FIT screening alone (77).
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Figure 1. Differences in epidemiology, disease presentation, pathophysiology and prevention among young adults suffering from eoCRC (adults between
18-49 years old) compared to older adults suffering from loCRC (adults 50 years old or older). CRC, colorectal cancer; eoCRC, early-onset CRC; 1oCRC,
late-onset CRC; CIN, chromosomal instability; MACS, Microsatellite and Chromosome Stable.

Strategies to enhance CRC screening compliance in eoCRC
patients. Primary care providers play a key role in the prevention
of CRC and have a major impact on the patients' compliance to
successful screening (78). A successful increase in screening rates
relies on implementing effective systems of decision support,
such as electronic medical record reminders, as well as practices
for screening delivery, like registries in the practices of primary
care providers (79). Additionally, targeting high-risk patients by
informing them about the significance and availability of routine
screening tests could prevent delays in diagnosing cancer early,
thereby improving patients' survival (80). FIT-based screening
could achieve higher compliance rates when offered as part of
organized screening programs, which include personal invitation
letters with test kits and reminder letters (81).

In a systematic review of mailed FITs, potent interventions
for improved screening comprised of telephone reminders with
instructions, primary care provider encouragement, simplified
kit tests, and letter notifications of incoming mailed tests sent
in advance (82). In one study, a targeted mobile app was intro-
duced among women aged 44-70 with the aim of enhancing
CRC screening and providing each individual woman with the
screening option best suited for her, based on her responses to
the questions from the mobile app. The results from this study
indicated the willingness of younger women under 50 to learn
about their screening options and make informed decisions
regarding CRC screening (83).

Future prospects look into using genome-wide associa-
tion study results of polygenetic risk scores to determine risk
categorisation (84). For individuals with Lynch syndrome,
screening colonoscopy isusually recommended fromthe age of 20
to 25 years, while screening commences at the age of 10-12 years
for individuals diagnosed with FAP syndrome (85). Guidelines

from the British Society of Gastroenterology/Association of
Coloproctology of Great Britain and Ireland (BSG/ACPGBI)
recommend that people with Lynch Syndrome who carry
mutations in the MLHI and MSH2 gene should undergo colo-
noscopy from the age of 25 years of age whereas MSH6 and
PMS?2 gene carriers should undergo colonoscopy at the age of
35 (86). The American Society for Gastrointestinal Endoscopy
(ASGE) recommends that testing should begin at the age of 18
to 20 years if FAP is suspected (87).

Public Health England has launched invitation leaflets
explaining CRC screening and colonoscopy to the public, which
are available at screening hubs. Enhancing care and support in
dealing with the effects of CRC and its treatment is the primary
goal of the ‘Never Too Young campaign’, launched after the
increase in CRC incidence in young individuals (88). The
Colorectal Cancer Alliance in the USA uses survey reports from
the Never Too Young Task force to track and learn about the
self-reported medical, psychosocial and quality of life experiences
of the young groups and address their needs and concerns (89).

Tertiary prevention. Tertiary prevention includes efforts
to prevent the of complications in people who have already
developed the disease and in whom disease prevention is no
longer possible.

Several lifestyle factors are associated with improved
clinical outcomes in cancer patients. Notably, one study has
reported that incorporating physical activity into the lives of
patients with stage III CRC who are actively receiving active
chemotherapy is correlated with prolonged survival and
improved prognosis (90).

The use of low-dose aspirin has also been observed to
enhance the survival of patients following a CRC diagnosis
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emerging as a potential tertiary prevention strategy (91).
Moreover, high-dose of vitamin D supplements have shown
promise in improving progression-free life span in people
with metastatic CRC, and as such, there are opportunities for
further exploration of vitamin D in tertiary prevention (92). The
American Society of Clinical Oncology has initiated efforts
to enhance education, supporting people in understanding
the pathophysiology of weight gain and introduce efficacious
dietary habits in cancer survivors to help reduce obesity which
is strongly correlated with CRC (93).

8. Conclusions

CRC presents a significant public health challenge, and it is
expected that the incidence among young adults under the age
of 50 will continue to rise in the following years. eoCRC differs
from CRC in terms of epidemiology, disease presentation,
pathophysiology, and prevention (Fig. 1). Analysing emerging
trends in incidence and mortality, as well as identifying of risk
factors (environmental, genetic, and behavioural) associated
with CRC across different age groups, are promising future
directions for the field. Genetic screening and counselling are
particularly important due to the common genetic predisposi-
tion associated with CRC. Improving the information provided
by primary care providers and using electronic medical record
reminders, targeted mobile apps and simplified kit tests can
enhance compliance and screening.

In the past few years there has been an increasing interest
in eoCRC (94). Our narrative review builds on this interest and
includes detailed epidemiological data on age-standardized
incidence, prevalence, mortality, and survival in a wider range
of countries with clearer trends in both loCRC and eoCRC.
Different types of diagnostic tools are being discussed high-
lighting the advantages and disadvantages of each with regards
to effectiveness, invasiveness, and sensitivity. The review
also provides a brief overview of the importance of doctors
obtaining a good family history from patients. In terms of
prevention strategies, it includes a more thorough overview of
the different levels of prevention and the various efforts used
to raise awareness, strategies to enhance screening compliance
as well as lifestyle changes. In addition, some clinical trials
are included in order to show that indeed there are different
carcinogenetic pathways involved in eoCRC and that different
mutations are involved and may play a role in the clinical
phenotype.

Currently, there is a pressing necessity to understand
the most significant pathophysiological differences between
eoCRC and lo CRC. In the near future, the use of multigene
panels is expected to help identify the full spectrum of germ-
line mutations and distinct molecular pathways in eoCRC
patients compared to CRC in older patients. Furthermore,
prospective cohort studies that will involve the collection of
biospecimens from stool, saliva, and blood can be used to
analyse the tumour microenvironment and metagenomics
to help establish the aetiologies of eoCRC. The results of
such studies will inform the design of randomized clinical
trials with new drugs targeting mutations specific to eoCRC
patients, providing insight into whether young patients can
benefit from more specific treatment options based on new
molecular targets.

In summary, establishing comprehensive and early risk
assessment, targeted screening tools and improved molecular
targets will have a significant impact on reducing the burden
of eoCRC.
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