UC Irvine
UC Irvine Previously Published Works

Title
Characteristics of Early-Onset vs Late-Onset Colorectal Cancer

Permalink
https://escholarship.org/uc/item/08d0d6hf

Journal
JAMA Surgery, 156(9)

ISSN
2168-6254

Authors

Collaborative, REACCT
Zaborowski, Alexandra M

Abdile, Ahmed
Publication Date
2021-09-01

DOI

10.1001/jamasurg.2021.2380

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/08d0d6hf
https://escholarship.org/uc/item/08d0d6hf#author
https://escholarship.org
http://www.cdlib.org/

Characteristics of Early-Onset vs Late-Onset Colorectal Cancer:

A Review

REACCT Collaborative

IMPORTANCE The incidence of early-onset colorectal cancer (younger than 50 years) is rising
globally, the reasons for which are unclear. It appears to represent a unique disease process with
different clinical, pathological, and molecular characteristics compared with late-onset colorectal
cancer. Data on oncological outcomes are limited, and sensitivity to conventional neoadjuvant
and adjuvant therapy regimens appear to be unknown. The purpose of this review is to
summarize the available literature on early-onset colorectal cancer.

OBSERVATIONS Within the next decade, it is estimated that 1 in 10 colon cancers and 1 in 4
rectal cancers will be diagnosed in adults younger than 50 years. Potential risk factors include a
Westernized diet, obesity, antibiotic usage, and alterations in the gut microbiome. Although
genetic predisposition plays a role, most cases are sporadic. The full spectrum of germline and
somatic sequence variations implicated remains unknown. Younger patients typically present
with descending colonic or rectal cancer, advanced disease stage, and unfavorable
histopathological features. Despite being more likely to receive neoadjuvant and adjuvant
therapy, patients with early-onset disease demonstrate comparable oncological outcomes with
their older counterparts.

CONCLUSIONS AND RELEVANCE The clinicopathological features, underlying molecular
profiles, and drivers of early-onset colorectal cancer differ from those of late-onset disease.
Standardized, age-specific preventive, screening, diagnostic, and therapeutic strategies are
required to optimize outcomes.

Group Information: The REACCT Collaborative Authors appear at the end of this article.

Corresponding Author: Alexandra M. Zaborowski, MD, Centre for Colorectal Disease, St
Vincent’s University Hospital, EIm Park, Dublin 4, Ireland (zaborowa(@tcd.ie).

Although the overall incidence of colorectal cancer (CRC) has decreased globally, the incidence
in younger adults (defined as disease presenting in a patient younger than 50 years) is rising
alarmingly. The reasons for this disproportionate increase are unknown, in part because of a lack
of robust epidemiological data internationally. While genetic predisposition plays a role, the
minority of cases occur in the context of a known hereditary cancer syndrome. Environmental
risk factors alone do not explain the observed trends, because they are not associated with age.
The clinicopathological and molecular landscape of early-onset CRC (EOCRC) displays
considerable heterogeneity. Presentation at an advanced disease stage and unfavorable
histopathological features are more common in younger individuals. The oncotherapeutic
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sensitivity of EOCRC is unclear, with survival data lacking and conflicting. Despite the
appearance of a biomolecularly unique disease process, age at diagnosis is not considered in
modern treatment strategies. Unravelling the causative mechanisms and full spectrum of
germline sequence variations and somatic molecular profiles of EOCRC will be key toward
disease prevention, thereby allowing individualized treatment in this patient population.

Methods

A literature review was performed to summarize the epidemiology, causative mechanisms,
clinicopathological features, and oncological outcomes of EOCRC. PubMed, Scopus, and
Embase databases were searched for articles published in English that included patients with
colorectal cancer younger than 50 years. The search took place from July 2020 to March 2021.
There was no restriction on the date of publication.

Results

Definition

There is currently no clear and internationally accepted definition of EOCRC. Published studies
reporting on the subject use varying cutoff ages, hampering the interpretation and applicability of
findings. An age younger than 50 years at diagnosis is generally considered EOCRC, because
this is the age at which most national screening programs commence. Furthermore,
dichotomization by age using an arbitrary integer cutoff represents a considerable limitation.
Significant variation in clinicopathological features and oncological outcomes has been observed
among patients younger than 50 years, suggesting the need for further age-based subgrouping.'

Epidemiology

Although the implementation of population-based screening has reduced the overall incidence of
CRC, there has been an increase in incidence among young adults younger than 50 years. Recent
data from large European registry-based studies?? indicate that CRC rates have increased
dramatically among patients aged 20 to 49 years over the last 25 years. In particular, there has
been a rise in cancers of the distal colon and rectum. Rectal cancer rates increased by 1.8% per
year from 1990 to 2016, with the greatest annual percentage change (3.5%) among adults aged
20 to 29 years.? Similar trends have been observed in the US, Australia, and Asia.*> Early-onset
CRC accounts for 1 in 10 CRC diagnoses, representing the second most common cancer and the
third leading cause of cancer-associated death in this age group.® Based on current data, it is
estimated that the incidence rates of colon and rectal cancer will increase by 90% and 124%,
respectively, among adults aged 20to 34 years and 27% and 46%, respectively, for those aged 35
to 49 years within the next decade.* By 2030, 1 in 10 colon cancers and 1 in 4 rectal cancers will
be diagnosed in individuals younger than 50 years.* Although improved reporting may account
in part for increased incidence, EOCRC is a global phenomenon observed in many countries
with a history of population-based screening and incidence reporting. Among 5 major US
racial/ethnic groups (Non-Hispanic White, Non-Hispanic Black, Hispanic, Asian American, and
Pacific Islander), the greatest increase in incidence of CRC has been observed in non-Hispanic
White men and women and Hispanic men, predominantly driven by rectal cancer.”® There has
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also been a significant increase in rectal cancer among Black men and women.’ Reasons for this
racial/ethnic disparity are complex and may in part be associated with lifestyle factors,
socioeconomic status, and access to health care.

Clinical Features

The clinical features of EOCRC differ from those of late-onset disease. Early-onset tumors
typically occur in the distal colon and rectum.”!!! North American data provided by the
Surveillance, Epidemiology, and End Results (SEER) database found that among men and
women, 41% and 36% of tumors were located in the rectum, respectively, while 26% and 25%,
respectively, were in the proximal colon.!?> The anatomical location of EOCRC may provide
important insights into the underlying causative mechanisms, disease processes, and treatment
responses of such cancers, since there is increasing evidence that ascending colon cancers differ
biologically from descending colon and rectal cancers. Ascending tumors are associated with old
age, advanced stage, and female sex.!*!* They are often bulky, exophytic, polypoid lesions
growing into the colonic lumen and may present with iron-deficiency anemia, while descending
tumors tend to present as infiltrating, constricting lesions encircling the lumen and causing
obstructive symptoms.'>!® Higher rates of lymph node involvement, lymphovascular invasion,
and poorer oncologic outcomes have also been observed with tumors in the ascending colon
compared with tumors in the descending colon.'*!

Younger patients with CRC are more likely to have synchronous and metachronous
lesions and typically display more advanced disease stage at presentation compared with their
older counterparts.'®!” Several large population-based studies'®>! have shown a worryingly high
proportion of stage 3 and 4 disease, ranging between 54% and 61.8%. Younger patients were
more likely to present with regional disease (relative risk ratio, 1.37 [95%CI, 1.34-1.41]; P <
.001) or distant disease (relative risk ratio, 1.58 [95% CI, 1.53-1.63]; P <.001) than their older
counterparts.?? Although population-based screening may account for earlier disease stage at
diagnosis in older patients, both patient-associated and physician associated factors may delay
evaluation of symptoms, contributing to the later stage at diagnosis observed among young
individuals. Low suspicion of cancer, lack of knowledge about the disease, or failure to
recognize concerning symptoms may all lead to delayed evaluation, reported to be a mean of 6.2
months.?* Symptoms may also overlap with those of more common benign diagnoses. Physician-
associated delay in diagnosis has been reported to range between 15% and 50%.% In a study of
1025 patients,** 886 (86.4%) were symptomatic at diagnosis. Patients with rectal cancer were
more likely to be symptomatic than those with colon cancer (449 of 499 [90.0%] vs 435 of 524
[83.0%]; P <.001). Of those who were asymptomatic, investigations were performed in 139
because of the presence of anemia in 19 (13.7%), a positive fecal occult blood test result in 10
(7.2%), an abdominal mass in 3 (2.2%), a mass on a digital rectal examination in 3 (2.2%), and
other reasons in 110 (79.1%). In another study of 1514 patients with rectal cancer, the median
time from symptom onset to treatment was 217 days among those younger than 50 years,
compared with 29.5 days for those older than 50 years.?® These data highlight the importance of
considering CRC as a potential diagnosis in adults younger than 50 years (regardless of family
history). Notably, given that most patients are symptomatic and have sporadic disease, emphasis



should also be placed on education and not only on screening strategies. Educational initiatives
to raise awareness among young adults, primary care physicians, and clinicians are imperative to
ensure timely diagnosis and intervention.

Pathological Features

Early-onset CRCs more frequently display adverse histopathological features. Poor
differentiation, perineural invasion, venous invasion, and mucinous and/or signet cell
morphology, all of which are suggestive of an unfavorable tumor biology and associated with
worse oncological outcomes, are more common among patients with EOCRC.?® In a review!? of
data from the SEER database (1991-1999), 1334 patients with colon cancer aged 20 to 40 years
were compared with 46 457 patients aged 60 to 80 years. Younger patients were significantly
more likely to present with poorly differentiated (364 of 1334 [27.3%] vs 7991 of 46 457
[17.2%]; P <.001) or anaplastic disease (21 of 1334 [1.6%] vs 325 of 46 457 [0.7%]; P <.001)
than their older counterparts.'” They also had more mucinous and signet-ring tumors than the
older group (209 of 1334 [15.7%]vs 5343 of 46 457 [11.5%]; P <.001; 51 of 1334 [3.8%] vs 372
of 46 457 [0.8%]; P < .001)." Similarly, an analysis'® of 64 068 patients with early-onset CRCs
(younger than 50 years) and 524 801 patients with later-onset CRCs (50 years or older) using the
North American National Cancer Database found that younger patients more frequently
displayed poor or no differentiation (20.4%vs 18%; P <.001) and mucinous and signet-ring
morphology (12.6% vs 10.8%; P <.001). The mucinous subtype of CRC represents a negative
prognostic indicator, associated with poorer response to neoadjuvant chemoradiotherapy, higher
rates of positive margins, and worse survival compared with nonmucinous tumors.>’-?

Molecular Profile

There is a growing body of evidence to suggest that EOCRC may represent a unique disease
process, characterized by distinct biomolecular features and oncogenic aberrations or alterations.
Numerous studies have attempted to define the molecular landscape of sporadic EOCRC, and
while overlapping key drivers are implicated in both early-onset and late-onset disease, there
appear to be several notable differences. Overall, younger patients typically have microsatellite
stable tumors and more frequently exhibit long interspersed nuclear elements (LINE-1)
hypomethylation and tumor protein 53 (TP53) sequence variations.”” They are less likely to
harbor K-Ras (KRAS), B-Raf (BRAF) V600E, and adenomatous polyposis coli (APC) gene
sequence variations or display promoter methylation of CpG islands (Table).!%-26:30-31



Table. Pathological Features and Molecular Profile of Early-Onset
Colorectal Cancer

Pathological features Molecular profile

Poor differentiation Microsatellite stability

Mucinous tumors More likely to exhibit LINE-1 hypomethylation
and TP53 sequence variations

Signet-ring Less frequently harbor KRAS, BRAF V60OE,

morphology and APC sequence variations

Perineural/venous Promoter methylation of CpG islands

invasion

Abbreviations: APC, adenomatous polyposis coli; BRAF, B-Raf; KRAS, K-Ras;
LINE-1, long interspersed nuclear elements; TP53, tumor protein 53.

Dichotomization of CRC into microsatellite stable (MSS) disease and disease with
microsatellite instability is now recommended routinely for all patients as per the National
Comprehensive Cancer Network guidelines.*? Subsequent genetic screening for Lynch syndrome
(following appropriate counseling and consent) should be performed in patients with loss of
mismatch repair proteins MutL. homologl (MLH), MutL. homolog2 (MSH?2),mutS homolog 6
(MSH6), and PMS1 homolog 2 (PMS2).% Lynch syndrome occurs as a result of constitutive
sequence variations in one of the mismatch repair proteins.

In EOCRC, almost all microsatellite instability tumors are associated with Lynch
syndrome and are rarely because of somatic inactivation of MLH1.?' Notably, significant
differences have also been observed between early-onset and late-onset MSS tumors. Gene
expression analysis identified catenin beta 1 (CTNNB1) gene as one of the most overexpressed
genes in younger patients compared with older patients with MSS-associated disease.>*
Furthermore, key pathways, such as Wnt/beta catenin, mitogen-activated protein kinase, growth
factor signaling (epidermal growth factor receptor, hepatocyte Growth factor, and platelet-
derived growth factor),and the tumor necrosis factor receptor 1 pathway have also been
implicated in sporadic EOCRC.** These pathways, which appear upregulated in early-onset
disease, play a critical role in cellular adhesion and motility, apoptosis, and inflammation, which
may in part influence metastatic potential and chemoradiosensitivity. Molecular profile has
important clinical, prognostic, and therapeutic implications. To that end, subclassification of
EOCRC according to genomic signatures has been proposed.®

Gene expression—based subtyping has led to the classification of CRC into 4 consensus
molecular subtypes (CMS) on the basis of distinguishing molecular characteristics.*® A
retrospective analysis'® of patients with CRC younger than 40 years found CMS1 (microsatellite



instability with immune infiltration and activation) was the most common subtype (11 of 24
[46%]), while CMS3 (termed metabolic, with metabolic dysregulation and KRAS sequence
variations) and CMS4 (termed mesenchymal, with marked stromal infiltration, transforming
Growth factor—f activation, and angiogenesis) were uncommon (1 of 24 [4%] and 3 of 24 [13%],
respectively; P =.003). Consensus molecular subtype 2 (termed canonical, with WNT and MYC
proto-oncogene [MYC] activation) was relatively stable across age groups. Although CMS1 was
the most prevalent subtype, most patients with EOCRC have sporadic, microsatellite, stable
tumors. The role of the immune system in early-onset disease remains largely undefined. It is
plausible that alternative unknown molecular drivers evoke the intratumoral immune response
characteristic of CMSI.

Hereditary EOCRC

A young age at disease onset is a hallmark of an inherited cancer predisposition. The estimated
prevalence of hereditary cancer syndromes in EOCRC ranges between 5% to 35%, compared
with 2% to 5%of colorectal cancers overall.?37-3? These syndromes may be subclassified into
Lynch syndrome (formerly known as hereditary nonpolyposis colorectal cancer syndrome) or as
one of the polyposis syndromes (including familial adenomatous polyposis, attenuated familial
adenomatous polyposis, and MutY DNA glycosylase gene [MUTYH]-associated adenomatous
polyposis). Lynch syndrome is the most commonly diagnosed hereditary cancer syndrome
implicated in the pathogenesis of EOCRC.***° The lifetime risk of developing CRC in Lynch
syndrome is between 50% and 70%, and in 40%, the onset of CRC is before age 40years.*! It
accounts for approximately one-third of EOCRC in patients younger than 35 years.?** Data
from a multicenter prospective observational study** show that different gene-specific and sex-
specific risks of CRC exist in Lynch syndrome, which should be incorporated into modern
management guidelines. Diagnosis of a hereditary cancer syndrome has significant implications
for both the patient and their family members. For Lynch syndrome, surgical approach is based
on the risk of metachronous CRC, which depends on the variant a carrier has and the
management of the primary cancer. Available data on risk of metachronous cancers in this
patient group are limited and retrospective, and prospective studies stratified by pathogenic
variants are required to determine optimal management. Guidelines from the European
Hereditary Tumour Group and European Society of Coloproctology recommend standard
segmental resection for a first colonic cancer in individuals carrying MSH6 or PMS2 pathogenic
variants, while extended surgery (subtotal colectomy and ileosigmoidal anastomosis or total
colectomy and ileorectal anastomosis) is preferable in those who carry MLH1 or MSH2
pathogenic variants.** Extended surgery is recommended for a metachronous colonic cancer with
previous segmental colectomy, regardless of the pathogenic variant.** For a first rectal cancer,
standard resection (anterior resection or abdominoperineal resection) is advised for all variants.*?
In the case of a synchronous colonic cancer, extended surgery can be considered. All surgical
decision-making should be individualized, taking into account age, sex, anticipated functional
outcome, quality of life, and other personal priorities (eg, fertility).

Since the introduction of multigene panel testing, the spectrum of germline sequence
variations predisposing individuals to EOCRC has expanded to include SMAD family member 4



(SMAD4), checkpoint kinase 2 (CHEK?), and DNA polymerase epsilon, catalytic subunit
(POLE) genes, along with gene alterations of uncertain clinical relevance (variants of unknown
significance). The development of next-generation sequencing has enabled genetic testing for
hereditary CRC to include multiple genes implicated in various hereditary cancer syndromes.
Notably, a considerable proportion of patients diagnosed with EOCRC who do not report a
positive family history harbor a gene alteration associated With an inherited cancer
predisposition. Stoffel et al*> found that only half of those with germline sequence variations
reported a CRC diagnosis in a first-degree relative. This group of patients at high risk of
developing EOCRC would not meet the current criteria for early screening.

The Exposome

Although inherited predisposition is relevant in EOCRC, it does not explain the observed rise in
incidence. Most cases are sporadic and may occur as a result of the exposome (in the absence or
presence of a somatic sequence variation). The exposome represents the totality of exposures
from conception onwards and may be considered the environmental equivalent of
thehumangenome.** It consists of 3 overlapping domains: the general external environment,
specific external environment (eg, diet, smoking, alcohol, infection, antibiotics) and the internal
environment (eg, gut microbiota). Exposomal data specific to individuals younger than 50 years
are lacking; however, considering what is known about CRC overall will help unravel the
potentially unique exposome of EOCRC and determine what drives this disease. To decipher the
exposomal elements contributing to EOCRC, several facts about the disease must be considered.
Incidence has been increasing for the past 4 decades, with men and women affected. It represents
a global phenomenon, is associated with chronic inflammation and dysbiosis, and is not limited
to individuals with obesity.>***® Among the potential factors suggested are a Westernized diet,
obesity, antibiotics, infection, and alterations to the gut microbiome.

A Westernized diet, which is high in saturated fat, rich in red meat, and low in fiber, is a
well-known risk factor for CRC.* In addition to promoting dysbiosis, this diet generates
proinflammatory and procarcinogenic advanced glycation end products. High levels of advanced
glycation end products, a high Diet Inflammatory Index score (a measure of the inflammatory
potential of a diet), and certain dietary food additives, such as monosodium glutamate and
titanium dioxide, both of which promote tumorigenesis in animal models of CRC, may all
contribute to development of EOCRC.>°

Obesity (body mass index [calculated as weight in kilograms divided by height in meters
squared] >30), a well-defined risk factor for CRC later in life,* has also been postulated to drive
EOCRC, owing to its global increase, promotion of dysbiosis, and known proinflammatory and
procarcinogenic effects. In a prospective cohort study®' of 85 256 women, those with obesity had
a nearly doubled risk of EOCRC compared with those with a normal body mass index. Notably,
the association between obesity appears stronger for colon cancer than rectal cancer, which is
important because the observed increase in EOCRC is predominantly because of an increase in
rectal cancer incidence.>? A recent meta-analysis found an association between childhood and
adolescent obesity and colon cancer but not rectal cancer.*®



An association between antibiotic use and CRC has been demonstrated in several
epidemiological studies.*>* Exposure during pregnancy or childhood may lead to remodeling of
the gut microbiota toward an oncogenic phenotype. Human data, however, are lacking, while
those from animal models are conflicting. Although some studies involving murine models
suggest antibiotic use can promote CRC, others found the elimination of specific bacteria with
antibiotic therapy to be protective.’>>¢

Data from in vitro, murine, and cross-sectional human studies suggest that the gut
microbiome is involved in the etiopathogenesis of CRC. Dysbiosis transforms a health-
promoting microbiome of commensals and mutualists into a proinflammatory and
procarcinogenic environment characterized by parasitism and amensalism.>”>® Bacteroides
fragilis, Escherichia coli, and Fusobacterium nucleatum have been identified as key organisms
in colon carcinogenesis.> In addition to directly promoting CRC, the microbiome may also
mediate the effects of diet and obesity. Changes in gut microbiome influence host metabolism,
with murine data® suggesting that Firmicutes and Bacteroidetes mediate insulin resistance
through modulation of glucagon-like peptide-1 secretion in obesity. It is plausible that an altered
gut microbiome (eg, because of obesity in childhood or adolescence) may influence gene
expression patterns and the immune microenvironment of the gastrointestinal tract, rendering it
susceptible to carcinogenesis in early adulthood.

Understanding the causal association between potentially modifiable risk factors and
CRC and the proportion of cases and deaths attributable (ie, population attributable fraction
[PAF]) is key to implementing effective preventive strategies. The estimated PAF for categorical
exposure variables can be calculated using exposure prevalence and corresponding relative risk.
Ananalysis®! of 1 570 975 incident cancers across 26 cancer types in adults older than 30 years
found the proportion of CRC cases caused by potentially modifiable risk factors was 54.6%.
Colorectal cancer had the second highest number of cancer cases or deaths attributable to
potentially modifiable risk factors. Population attributable fractions ranged from 4.9% for low
dietary calcium to 5.4% for red meat, 8.2% for processed meat, and 10.3% for low dietary
fiber.®! Higher PAFs were observed in men than women.®! The PAFs for physical inactivity,
excess body weight, alcohol use, and cigarette smoking for men and women combined were
16.3%(colon cancer only), 5.2%, 12.8%, and 11.7%, respectively.®! A limitation of studies that
estimate PAF caused by exposure is that the effect of all established risk factors cannot be
quantified, thereby potentially underestimating the overall proportion attributable. Furthermore,
the selected relative risks may differ across age groups. Nonetheless, the data highlight the
importance of population education, modification of lifestyle, and implementation of preventive
strategies.

Oncological Outcomes

Survival data for EOCRC are limited and conflicting. Several studies report a worse prognosis,
while others demonstrate equivalent or superior outcomes among younger patients, '%-20:62:63
Younger patients typically present with more advanced disease stage and worse pathological
features, yet display better or equivalent short-term and long-term survival.



Early age at disease onset is not considered in current therapeutic algorithms for localized
or metastatic CRC. Despite being more likely to receive neoadjuvant chemoradiotherapy and
adjuvant chemotherapy, younger patients appear to have comparable disease specific outcomes
with their older counterparts.?!-6?

Why increased access to treatment may not translate into improved disease-specific
outcomes is unclear. Unique tumor biology and molecular profiles in younger patients may
influence response to treatment. Because of the historically small proportion of patients younger
than 50 years, the oncotherapeutic sensitivity of EOCRC is not known in isolation. Conventional
chemotherapeutic agents for example appear to confer minimal survival gain in the adjuvant
setting.?! Younger patients are more likely to receive neoadjuvant and adjuvant therapy outside
of current guidelines (stages 1 and 2) but experienced only minimal gain in adjusted survival
compared with older counterparts who received less treatment.2%>1626> A nationwide US study of
the National Cancer Database found that adjuvant chemotherapy was administered to 826 of
1636 younger patients (50.5%) vs 923 of 4822 older patients (19.1%) with low-risk, stage 2
disease.?! Furthermore, younger patients were more likely to receive multiagent regimens rather
than single-agent therapy. The potential overtreatment of patients with low-risk disease must be
questioned in the absence of a definitive oncological benefit.

Modern oncotherapeutic strategies focus on modifying immune system antitumor
responses, with striking success observed in microsatellite unstable CRC.%* Patients aged
younger than 50 years, however, accounted for only a small percentage of the overall study
population. It could be postulated that because immune function declines with age,® a more
robust peritumoral immune response may occur in individuals with EOCRC compared with their
older counterparts, potentially resulting in increased sensitivity to immunotherapy.

Screening

Current population-based screening strategies require refinement as the epidemiology of CRC
changes. In view of the increasing incidence, The American Cancer Society recommended
lowering the age of initial screening from 50 to 45 years. A microsimulation analysis screening
model was used to evaluate life-years gained, the number of colonoscopies, and the ratios of
incremental burden to benefit for different screening strategies.®® Notably, recent
epidemiological data have shown that the greatest change in incidence is among adults aged 20
to 39 years. Risk stratification on the basis of exposomal factors and family history will be key to
defining the optimal screening strategy. The challenge for many countries will be to determine
how best to rationalize investigations to screen young individuals who are asymptomatic. Future
strategies may include one-time fecal immunohistochemistry testing. Because the event rate of
screening colonoscopies would be so low, universal molecular-driven testing may represent an
alternative and capture a proportion of patients.

Discussion

Early-onset CRC poses many challenges. The underlying molecular profile and drivers of
disease remain incompletely understood. Although some sequence variation differences have
been observed between early-onset and late-onset disease, unique molecular or gene expression
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signatures to guide personalized treatment have not yet been identified. The potential of the
immune system as a therapeutic target is unknown. Diagnosis has significant consequences for
patients and their family members, and consideration must be given to both the oncological and
functional implications of treatment. Achieving the balance between reducing cancer risk while
preserving bowel and sexual functions and fertility is imperative. Therapeutic algorithms tailored
to the biomolecular signature of the tumor are needed to achieve disease control, avoid the
morbidity of futile treatments, and enhance quality of life and survivorship.

Limitations

A limitation of this review is that data on the subject are lacking and predominantly
retrospective, with varying cutoff ages used. This hampers interpretation.

Conclusions

Prospective clinical and scientific studies and trials will decipher the causative mechanisms,
molecular typing, and genetic profiles of EOCRC. This will help standardize age-specific
preventive, screening, diagnostic, and therapeutic strategies (Box).

Box. Summary

e The incidence of EOCRC is rising globally. Within the next decade, it is estimated that 1 in
10 colon cancers and 1 in 4 rectal cancers will be diagnosed in adults younger than 50 years.

e The reasons for this increase in incidence are unclear. Potential risk factors include a
Westernized diet, obesity, antibiotics, and alterations in the gut microbiome.

e The clinicopathological landscape of EOCRC differs from that of late-onset disease. Younger
patients tend to present with advanced disease stage and unfavorable histopathological
features. The distal colon and rectum are the most common anatomical sites affected.

e Although genetic predisposition plays a role in EOCRC, most cases are sporadic. To our
knowledge, the full spectrum of germline and somatic sequence variations implicated are
unknown.

e Survival data are limited and conflicting. Despite accessing more neoadjuvant and adjuvant
therapy, patients with EOCRC appear to have oncological outcomes equivalent to those of
older counterparts.

Abbreviation: EOCRC, early-onset colorectal cancer.
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