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Abstract

In contrast to decreasing incidence rates of colorectal cancer (CRC) in older adults, incidence rates
have nearly doubled in younger adults (age <50 years) in the U.S. since the early 1990s. Similar
increases have occurred across the globe. Despite overall population trends in aging, by 2030,
about 15% of CRCs will be diagnosed in younger adults. Mechanisms and factors contributing

to early-onset CRC (EOCRC) remain puzzling, especially because most young adults diagnosed
with CRC have no known risk factors or predisposing conditions, such as family history of CRC
or polyps or a hereditary syndrome (e.g., Lynch syndrome, polyposis). In this up-to-date review,
we discuss the current knowledge of EOCRC, including epidemiology, risk factors, clinical and
molecular features, treatment and survival, and recognition and screening strategies.

Keywords
colorectal cancer; epidemiology; young adult; risk factors

Introduction

Colorectal cancer (CRC) is a major cause of cancer-related morbidity and mortality in the
U.S. Incidence and mortality rates have decreased in adults older than age 50 years over the
last three decades, ! likely due to increased uptake of screening and shifts in the distribution
of risk factors (e.g., decreased cigarette use, increased aspirin use).2 By contrast, incidence
rates have risen rapidly in younger adults (age <50 years), from 8.6 per 100,000 in 1992

to 12.9 per 100,000 in 2018,3 and as a result, 10-12% of all CRCs now occur in younger
adults. Research on the mechanisms and factors contributing to early-onset CRC (EOCRC)
has proliferated since increasing rates were first described in the mid-2000s.% ° In this
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up-to-date review, we discuss the current knowledge of EOCRC, including epidemiology,
risk factors, clinical and molecular features, treatment and survival, and recognition and
screening strategies.

Epidemiology of Early-Onset Colorectal Cancer

In contrast to dramatic decreases in older adults, incidence rates of CRC have nearly
doubled in younger adults since the early 1990s. Specifically, incidence rates in the U.S.
have risen rapidly among persons age 20-49 years, from 8.6 per 100,000 in 1992 to 12.9
per 100,000 in 2018, with the largest increases observed in those age 40-49 years (Figure
1).3.6 Likewise, as mortality rates of CRC continue to decline in older adults? 7 they remain
stagnant at 2.8 per 100,000 in younger adults.®

Global Trends—Incidence rates of EOCRC have increased across the globe, including
many countries in western Europe, Australia, Brazil, Canada, China, Japan, Taiwan, Korea,
and the United Kingdom.%-12 Incidence rates have decreasedin only three countries—
Austria, Italy, and Lithuania—by about 1% annually,12 although it is notable that screening
programs in parts of Italy!3 and in Austria include age > 40 years.14

Geographic Trends in the United States—In the U.S., incidence rates of EOCRC
vary widely by state. The lowest rates have been observed in western states (about 9.5
per 100,000), although rates in non-Hispanic Whites have recently begun to rise in this
region.15 Rates remain highest in southern states, particularly in the Mississippi Delta
Region and Appalachia (about 14.0 per 100,000). Specifically, Mississippi and Kentucky
have the highest incidence rates of EOCRC, at 15.1 per 100,000 and 14.2 per 100,000,
respectively. CRC mortality rates (across all age groups) are also high in these regions,16
as well as incidence rates of other gastrointestinal cancers, compared to other parts of
the U.S.17 Reasons accounting for these geographic differences may include poor access
to healthcare, high rates of poverty and unemployment, lifestyle factors (e.g., sedentary
lifestyle, diet, obesity),18 occupational exposures (e.g., mineral dust, trace elements),1° and
environmental exposures (e.g. industrial pollution, agricultural runoff).20

Birth Cohort Effects—Incidence rates of EOCRC have increased successively across
generations.?l: 22 For example, in the U.S., incidence rates are higher in 40-year-old persons
born in 1970 (24.4 per 100,000) compared to 40-year-old persons born in 1950 (18.3 per
100,000).3 This pattern is most pronounced in younger generations, including Generation X
(persons born in 1965-1980) and Millennials (persons born in 1981-1996). Increasing rates
of EOCRC across generations have also been observed in Europe,? Canada,?3 Australia,?*
and Asia.?> 26 The birth cohort effect points to exposures or factors in early life, such

as infancy, childhood, and adolescence, that may increase risk of EOCRC.2% 27 Early life
represents a window of susceptibility to exposures,28 which can translate into large effects
on cancer risk in adulthood. This is consistent with literature showing events /n utero and
during infancy and childhood have important consequences for several adult cancers.29: 30

Differences Among Racial/Ethnic Groups—In the U.S., incidence rates of EOCRC
are highest in non-Hispanic Blacks compared to other racial/ethnic groups. Although
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incidence rates remain highest in non-Hispanic Blacks, rates in this group have only
modestly increased since the 1990s, from 12.7 to 15.0 per 100,000 persons, between 1992—
1995 to 2016-2018.3 Conversely, incidence rates in non-Hispanic Whites and Hispanics
have increased by about 85% over the same time period, from 7.7 to 14.4 per 100,000
persons and 6.1 to 11.3 per 100,000 persons, respectively.3! Rates have remained stable in
Asians, increasing from 9.8 per 100,000 in 1992-1995 to 10.3 per 100,000 in 2016-2018. It
is not yet clear why incidence rates have increased more rapidly in non-Hispanic Whites and
Hispanics but not non-Hispanic Blacks or Asians, although some have suggested differences
in the prevalence of risk factors across these groups may play a role.32

Differences by Sex—Incidence rates of EOCRC have increased in both men and women,
although rates have been consistently higher in men. Specifically, incidence rates increased
from 8.7 per 100,000 men in 1992-1995 to 13.9 per 100,000 men in 2016-2018; and from
7.7 per 100,000 women in 1992-1995 to 12.6 per 100,000 women in 2016-2018. Incidence
rates between men and women are similar at ages 20-29 years and 30-39 years but begin to
differentiate at age 40-49 years.

Genetic and Familial Risk

About 16-35% of EOCRC occurs in persons with hereditary cancer syndromes, which

are more prevalent in younger age groups.33 34 The most common syndrome is Lynch
syndrome (10%) followed by polyposis syndromes, including familial adenomatous
polyposis, MUTY H-associated polyposis, juvenile polyposis, and others (3%). Importantly,
many patients diagnosed with EOCRC and a hereditary syndrome do not have phenotypes
typically associated with these syndromes, and others have pathogenic mutations despite
having no family history of CRC or cancer.34-36 Hereditary syndromes may also be
underrecognized in persons of non-European ancestry due to the relative lack of knowledge
of mutations in diverse groups.3® Given these findings, the National Comprehensive Cancer
Network (NCCN) recommends all patients diagnosed with EOCRC receive germline genetic
testing to evaluate for pathogenic variants in cancer susceptibility genes.3” Universal testing
may also identify founder mutations or links between CRC and genes previously not
believed to increase risk.

Across all ages, family history of CRC accounts for 10-30% of new diagnoses.38 Having

a first-degree relative with a history of CRC diagnosed at age <50 years about triples risk
(RR: 3.26; 95% Cl, 2.82-3.77).39 For EOCRC, about 19% of all patients report a family
history of CRC in a first degree relative, and 14% of patients with no hereditary syndrome
report a family history.49 A few, albeit smaller, studies noted a higher proportion of patients
diagnosed with EOCRC reported a family history of CRC in a second-degree relative
compared to patients diagnosed with later-onset CRC (age =50 years).41 42 Importantly, a
recent case-control study found that one in four patients diagnosed with CRC at ages 40-49
years met criteria for earlier screening based on family history, and of these, nearly all
(98.4%) should have undergone screening prior to their diagnosis.#3 Therefore, identifying
and screening based on family history of CRC remains an important factor in mitigating the
rise of EOCRC.
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Genome-wide association studies (GWAS) have not identified common or rare genetic
events linked to EOCRC, including studies of high penetrance on whole-exome and
whole-genome sequencing. However, studies have explored the pooled effects of common,
low-penetrance genetic variants associated with EOCRC.#* 45 For example, a recent

study developed a weighted polygenic risk score (derived from 95 single nucleotide
polymorphisms), and the highest quartile of the risk score was associated with more than
four-times the risk of EOCRC in persons without a family history in a first-degree relative.*6
Polygenic risk scores — or the cumulative burden of CRC-associated genetic variants — along
with lifestyle factors, environmental factors, and family history, may improve the accuracy
of risk prediction models compared to using family history alone.*4

Clinicopathologic Features

Tumor Location and Stage at Diagnosis—A higher proportion of young adults are
diagnosed with tumors in the distal colon or rectum compared to older adults, among
whom tumors in the proximal colon predominate.*6 Multiple studies demonstrate left-sided
tumors are more common in young adults (between 60-90%, including 30-50% with rectal
tumors),#’-55 and a recent meta-analysis suggests young adults are less likely to have
right-sided tumors (pooled OR: 0.62; 95% CI: 0.56, 0.68).%8 These findings are consistent
with temporal trends in incidence rates. For example, from the early 1990s to about 2012,
increasing incidence rates of EOCRC were largely driven by increasing rates of rectal
cancer, particularly among non-Hispanic Whites.32 From 2012 to 2018, rates of EOCRC
have increased similarly by tumor location, for proximal colon (3.2 to 4.2 per 100,000
persons), distal colon (3.0 to 3.4 per 100,000 persons), and rectum (3.5 to 3.9 per 100,000
persons).3

A higher proportion of young adults are also diagnosed with advanced stage CRC (stage
111-1V) compared with older adults.#1: 57: 58 A recent meta-analysis demonstrates younger
adults are more likely to be diagnosed with regional (pooled OR: 1.27; 95% CI: 1.16, 1.40)
or distant (pooled OR: 1.47; 95% CI: 1.30-1.67) stage disease compared to older adults.>®
Reasons for this may include: 1) no routine screening, low awareness among patients and
providers, and less attention to red flag symptoms of EOCRC, all of which likely contribute
to delays in diagnosis;>® or 2) more aggressive disease, such as poor differentiation,
mucinous or signet ring histology, and perineural or lymphovascular invasion.51: 60

Although not extensively studied, some studies suggest fewer differences in the proportion
of left-sided tumors and advanced stage disease when comparing younger adults to
unscreened older adults.#?

Symptomatic Presentation—Because young adults do not undergo routine screening,
they often present symptomatically. Common symptoms include hematochezia (even after
adjusting for tumor sidedness®®), anemia, and abdominal pain. For example, in an online

survey conducted by the Colorectal Cancer Alliance, 81% of respondents reported at least
three different symptoms prior to their diagnosis of EOCRC, and they often had symptoms
for months or even years before undergoing an initial evaluation; 19% reported delays in

diagnosis of >12 months from initial symptoms.61 Interestingly, younger adults diagnosed
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with advanced stage disease seem to have a shorter duration of symptoms*! compared
to those diagnosed with early stage disease, suggesting differences in biology of more
aggressive EOCRCs.

Microsatellite Instability—The aggressive pathologic features reported in EOCRCs,
including poor differentiation, mucinous or signet-ring histology, and perineural or
lymphovascular invasion,*2 48 51 may be due to enriched microsatellite unstable (MSI)
tumors in younger vs. older patients, related to a higher proportion of Lynch syndrome

in younger adults.52 Consequently, studies have explored whether EOCRC has a distinct
molecular and genomic profile. For example, in younger patients with MSI tumors, most
tumors are attributable to Lynch syndrome, and epigenetic alterations in methylation of
the CpG-rich region of the MLH1 promoter mediated by mutations in BRAF V600 (CpG-
island methylator phenotype or CIMP) are less frequent.52: 63 Most sporadic EOCRCs

are microsatellite stable (MSS) and likely develop through the chromosomal instability
(CIN) pathway, which often results from somatic mutations in APC, although APC is less
frequently mutated in younger patients. Instead, somatic mutations in 7P53, CTTNBI, and
POLE may be increased;52 64 however, a recent study comparing MSS tumors between
younger and older patients suggests no differences in tumor histology or somatic mutations
between the two groups.

Tumors can be further characterized by consensus molecular subtypes (CMS),5° reflecting
differences in gene expression. Willauer et al. examined prevalence of CMS in younger
patients and found that the most common subtype in this age group (18-49 years) was
CMS-1 (MSI-immune, immune infiltration and activation); CMS-2 was similar in younger
and older patients, and CMS-3 and —4 were rare. This study included patients with Lynch
syndrome, which may account for the higher prevalence of CMS-1 at younger ages.>% 63
Better characterizing tumors by CMS, particularly MSS tumors, may identify factors unique
to the pathogenesis of sporadic (vs. hereditary) EOCRC.

Risk Factors

Some non-modifiable risk factors, including older age, male sex, and non-White race,

are associated with EOCRC.5: 54, 66,67 Because 80% of patients diagnosed with EOCRC
have MSS tumors, implicating the adenoma-carcinoma sequence as in later-onset CRC,
earlier exposures likely lead to an earlier sequence of carcinogenesis.8 69 As detailed
below, several modifiable lifestyle factors increase risk of EOCRC, including dietary
patterns, obesity and metabolic syndrome, sedentary behavior, and alcohol and tobacco use.
Exogenous exposures, such as factors related to intestinal dysbiosis, may also contribute to
risk, and identifying these exposures may identify previously unknown carcinogens, relevant
to both early- and later-onset CRC.7° Table 1 lists risk factors, describes the hypothesized
mechanism by which they increase risk, and summarizes evidence related to EOCRC.

Dietary Patterns—Western diets, including high intake of processed foods,’* fatty
foods,”2-74 red meat,”%: 75 and sugary beverages and desserts,> 76 77 and low intake of
fiber’2: 74. 78 and micronutrients (e.g., calcium, vitamin D9, beta-carotene, and vitamin
E),>® 71 contribute to colorectal carcinogenesis via hyperinsulinemia, altered bile acid
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metabolism,”2~"4 chronic inflammation, and intestinal dysbiosis.5®: 1. 80-83 For example,
mice fed a Western diet had more colitis and tumorigenesis, mediated by increased
interferon response and inflammation, changes in innate and adaptive immunity, and
changes in antigen processing pathways; these effects were tempered when calcium and
vitamin D were replaced in standard amounts.84 As an additional example, after a two-week
food exchange, during which rural South Africans were provided a high-fat, low-fiber
Western diet, and Black Americans were provided a low-fat, high-fiber South African diet,
South Africans experienced alterations in colonic mucosal biomarkers, microbiota, and the
metabolome linked to higher risk of CRC (across all ages). Meanwhile, Black Americans
experienced beneficial changes.”

Although evidence on the independent effect of each of these dietary factors is mixed,

the aggregate of a Western diet is consistently associated with EOCRC.55: 71. 85 For
example, a recent analysis of the Nurses’ Health Study 1l demonstrated higher risk of
early-onset, high-risk adenomas (defined as adenoma =1 cm, with villous features, or high-
grade dysplasia) associated with a Western diet (adjusted OR: 1.67; 95% CI: 1.18, 2.37)
compared to a prudent diet (aOR: 0.69; 95% ClI: 0.48, 0.98), DASH (Dietary Approaches
to Stop Hypertension) diet (aOR: 0.65; 95% CI: 0.45, 0.93), Mediterranean diet (aOR: 0.55;
95% CI: 0.38, 0.79), and the Alternative Healthy Eating Index-2010 (aOR: 0.71; 95% ClI:
0.51, 1.01).85 A population-based case-control study in Ontario, Canada similarly found an
increased risk of EOCRC associated with a Western diet (aOR: 1.92; 95% CI: 1.01, 3.66).
Studies are ongoing to identify specific dietary factors (e.g., high fat, low fiber, excess sugar
intake), but healthful dietary patterns should be encouraged as a means to prevent CRC in
adults of all ages.

Obesity and Metabolic Syndrome—High body mass index (BMlI), including
overweight (BMI 225 kg/m?2) and obese (BMI =30 kg/m?), increases risk of CRC across
all age groups.85-89 Excess body fatness can lead to several tumorigenic mechanisms
due to abnormalities in signaling pathways, insulin-like growth factors, sex hormones,
and adipocytokines. Increasing incidence rates of EOCRC parallel the obesity epidemic
in the U.S., and multiple studies have therefore examined the link between obesity and
EOCRC. For example, Liu et al. demonstrated that obese women in the Nurses’ Health
Study 1l had almost double the risk of EOCRC (adjusted RR: 1.93; 95% CI: 1.15, 3.25),
even after adjusting for diabetes, alcohol and tobacco use, NSAID or aspirin use, and
diet.90 This observation has been substantiated in other population-based studies®-94 and
meta-analyses.?>-97

A different study found an /inverse relationship between BMI in participants’ early 20s
(aOR: 0.43; 95% CI: 0.20, 0.90) and two years prior to the study (aOR: 0.59; 95% CI: 0.34,
1.01) and EOCRC.%® An inverse association between BMI and EOCRC was also observed in
a study of U.S. veterans, although this may reflect weight loss due to symptoms of cancer.56
Other case-control and cohort studies®* 98 report no association between BMI and EOCRC.
These conflicting findings suggest obesity — as measured by BMI alone — is not a risk factor
but rather the metabolic dysregulation associated with higher BMI may matter most. Timing
of obesity (i.e., during childhood or adolescence) may also contribute to risk of EOCRC
later in life, although, to date, evidence has been mixed.99-103
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Like obesity, metabolic syndrome, defined as the constellation of chronic conditions such

as central obesity, hypertension, hyperglycemia or type 2 diabetes, and hyperlipidemia, has
paralleled increasing incidence rates of EOCRC. Metabolic syndrome may be an especially
important risk factor because insulin resistancel04-107 and lipid metabolism198-110 gppear

to have independent effects on colorectal carcinogenesis. For example, in a large study

of commercially-insured adults, metabolic syndrome was associated with early-onset colon
cancer (aOR: 1.38; 95% CI: 1.18, 1.62) but not early-onset rectal cancer (aOR 1.04: 95%
Cl: 0.83, 1.32), and risk of early-onset colon cancer increased as the number of metabolic
syndrome-defining conditions also increased.111 In a follow-up study, the same researchers
identified an association between type 2 diabetes and early-onset colon cancer (proximal
colon aOR: 1.35; 95% CI: 1.03,1.77 and distal colon aOR: 1.67; 95% Cl: 1.30, 2.15).112 A
case-control study conducted in a large, integrated healthcare system in Southern California
examined type 2 diabetes, dyslipidemia, BMI, and hypertension as risk factors of early-onset
adenocarcinoma but found that only obesity was associated with increased risk for colon

but not rectal adenocarcinoma.?? Yet still, others have found no association between obesity,
type 2 diabetes, and dyslipidemia and EOCRC.5* Ongoing and additional studies examining
risks associated with metabolic syndrome may clarify these findings and provide insight into
the protective effects of lipid- and glycemic-regulating therapies.

Sedentary Behavior—Sedentary behavior has been proposed as a risk factor for EOCRC
because of its association with obesity, as well as its impact on colonic motility and
intestinal stasis, especially in the rectum. Some studies demonstrate lower risk of EOCRC
in persons with higher levels of occupational, physical, or leisure-time activity,34: 113-115
although definitions of activity differ across studies. For example, an analysis of the Nurses’
Health Study I1 used time watching television as a surrogate of sedentary behavior and
found that more than 14 hours of television time per week increased risk of EOCRC (aRR:
1.69; 95% CI: 1.07, 2.67). This association was more pronounced for early-onset rectal

vs. colon cancer.116 Conversely, in a pooled analysis of 13 population-based studies, there
was no association between sedentary behavior and EOCRC (aOR: 1.13; 95% CI: 0.88,
1.44).78 Despite these mixed findings, most studies of physical activity and later-onset

CRC demonstrate a protective effect,113-115. 117 and physical activity may continue to be
encouraged as a prevention strategy, especially given the increase in sedentary time in work
settings.118

Alcohol and Tobacco Use—Several meta-analyses demonstrate associations between
regular alcohol consumption and CRC across all ages.11%-122 This is consistent with recent
meta-analyses and case-control studies suggesting alcohol increases risk of EOCRC, with
some evidence of dose-response.>%: 1. 78,95, 97

Despite the well-established relationship between cigarette smoking and later-onset CRC,
studies of EOCRC are less consistent.”8 94 95. 97 gpecifically, several case-control studies
show no association between smoking and EOCRC.54 55. 66 This may be due to: 1) long
duration required for cigarette smoking to promote carcinogenesis; and 2) subsequent time
needed to complete the adenoma to carcinoma sequence.58
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Other Exogenous Exposures—Although dietary patterns, obesity and metabolic
syndrome, sedentary behavior, and alcohol and tobacco use may be associated with
increased risk of EOCRC, there may be other, as-yet-unknown, exogenous exposures

that contribute to increasing incidence rates. Indeed, the recent “NIH Early-Onset CRC
Think Tank” emphasized that obesity is an important risk factor but cannot fully explain
trends.123 These other exogenous exposures may include in utero events, dietary additives,
and intestinal dysbiosis, detailed below.

In Utero Events.: Increasing incidence rates of EOCRC across generations implicate
exposures in early life — including /in utero events — as risk factors. For example, in a large,
population-based study linking pregnant mothers’ medical records to the California Cancer
Registry, maternal obesity more than doubled the risk of CRC in adult offspring (adjusted
HR: 2.51; 95% CI 1.05, 6.02). Almost half of offspring diagnosed with CRC in this study
were diagnosed at age <50 years.124 Antibiotic exposure Jn utero or during childhood may
also increase risk of EOCRC because of its effect on intestinal microbiota. Excess antibiotic
exposure promotes colorectal tumorigenesis in micel2® but this association has not been
demonstrated consistently outside of animal models.>®

Dietary Additives.: Dietary additives, including nitrates and nitrites in processed meats,
monosodium glutamate, titanium dioxide in confectionery, synthetic food coloring, and
high-fructose corn syrup,128 are also possible risk factors.12” These additives are especially
common in foods marketed to young children. In the Nurses’ Health Study |1, Hur et

al. demonstrated an increased risk of EOCRC in women consuming =2 servings of sugar-
sweetened beverages per day during adolescence (age 13-18 years, aRR: 2.18; 95% CI:
1.10, 4.35) but not during adulthood. Each additional serving of sugar-sweetened beverages
per day during adolescence was associated with a 32% increase in risk of EOCRC.76
Geographic differences in incidence rates may provide additional insight into the impact of
dietary additives. For example, pollution from cigarette smoke, dust, and automobile engines
contain similar carcinogenic compounds to those found in processed meats.20: 128

Intestinal Dysbiosis.: Several studies suggest dysbiosis and decreased diversity of intestinal
flora, as well as specific bacteria, may increase risk of CRC across all ages.128 For example,
Fusobacterium is an oral biofilm-forming gram-negative anaerobe that has been identified
in colorectal tumors.129 Fusobacterium may contribute to carcinogenesis by promoting
E-cadherin/p-catenin signaling through the FadA ligand or through downregulation of
antitumor T-cell mediated immunity.130 Other bacteria that may be associated with CRC
include enterotoxigenic Bacteroides fragilis, Streptococcus gallolyticus, and Helicobacter
pylori.130 Many of the risk factors described above (e.g., /7 utero events, dietary patterns,
obesity) may increase risk of EOCRC via their effects on intestinal dysbiosis. The gut
microbiome begins developing at birth, and its diversity can be limited at multiple points

in life, including by mode of delivery (vaginal versus Cesarean section), duration of
breastfeeding, antibiotic treatment in childhood and adulthood,25: 131, 132 perjodontal
disease,133 obesity, and low-fiber and vegetable diets.230 Future studies will be critical

to understand the gut microbiome’s role in EOCRC, the role of factors contributing to
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dysbiosis at different points in life, and the potential for therapies targeting dysbiosis in
treatment and prevention.

Treatment and Survival

Treatment guidelines do not distinguish early-onset vs. later-onset CRC nor recommend
different treatment strategies by age. However, several studies demonstrate that younger
patients are more likely to be treated intensively, including more invasive surgery,
multimodal chemotherapy, and radiation therapy, even if not clinically indicated.>: 134-137
Further, despite the fact that younger patients tend to have more aggressive tumor features
(e.g., signet ring or mucinous histology, high grade, poor differentiation), there are generally
no differences in stage-adjusted survival between younger vs. older patients, or those
receiving vs. not receiving intensive treatment.47. 57, 135,136, 138-140 |t js possible that
adjuvant chemotherapy confers no additional survival benefit for younger patients because
a higher proportion have MSI-high tumors, and MSI-high tumors have a better prognosis
for stage 11 and 111141 142 byt are less sensitive to conventional chemotherapy.143 Recent
guidelines recommend treating advanced, MSI or MMR-deficient tumors with immune-
checkpoint inhibitors (e.g., PD-1 blockade).68: 143

Population-based studies suggest improvement in survival of patients with EOCRC over
time. For example, an analysis of data from the Surveillance, Epidemiology, and End Results
program of cancer registries shows five-year relative survival increased from 61.5% in the
early 1990s to 67.7% after 2010.32 These improvements have not been consistent across
racial/ethnic groups. Survival remains lower for non-Hispanic Black (62.8%) compared

to non-Hispanic White (68.6%) and Hispanic (64.8%) patients, despite receiving near-
equivalent treatment.32 144 Although racial/ethnic differences in survival may be due to
differences in tumor characteristics among groups, other studies have demonstrated that,
even after adjusting for these tumor characteristics, risk of all-cause- and cancer-specific
mortality remains higher in non-Hispanic Black patients.14°

Given the toxicities and costs associated with intensive treatment regimens, in addition to
the well-documented challenges navigating cancer treatment (e.g., insurance, access), it will
be important for future studies to address the risks and benefits of intensive treatment for
younger patients and ensure equality in treatment and outcomes for underserved populations.

Surveillance and Survivorship

Life after cancer and cancer survivorship are important domains to address in patients
diagnosed with EOCRC but have thus far not been rigorously studied. Across all ages,
survivors may experience long-term and late effects, including neuropathy, cognitive
dysfunction, change in bowel function, and higher risk of early-onset chronic conditions,
recurrence, and second cancers.146-149 Many survivors also experience depression, anxiety,
and changes in relationships with family members or friends, and these challenges may be
especially difficult for younger survivors.’%: 150. 151 For example, younger survivors may
have unique struggles with intimacy, due to both the physical effects of treatment and
overcoming the emotional challenges of re-experiencing intimacy with romantic partners
previously serving as caregivers.81: 148, 150 younger survivors are also concerned about the
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effects of treatment (e.g., pelvic radiation) on reproductive health and fertility; 152 153 yet
fertility is rarely discussed by providers, and there may be additional cost and insurance
barriers to fertility preservation,154 155

The financial burden of surviving CRC also appears to be greater in younger vs. older adults.
In a focus group of survivors of EOCRC, Blum-Barnett et al. identified four contributors

of financial stress, including lost earnings, concern about health insurance coverage and
benefits, decreased job performance, and a blunting of career trajectory.146 Araujo et al. also
demonstrated challenges unique to the EOCRC experience: stress and frustration of being
misdiagnosed, critical need for self-advocacy to undergo necessary workup, and frustration
with the healthcare system.150 These challenges can create lasting mistrust of the medical
team and healthcare system, as well as fear that future concerns will not be adequately
addressed. Continued study of the needs of survivors of EOCRC will guide development of
comprehensive survivorship care and help patients navigate the difficulties they experience
during and after treatment.

Prevention and Early Recognition

In response to increasing incidence rates of EOCRC, the U.S. Preventive Services Task
Force (USPSTF) updated in 2021196 its recommendation to start average-risk screening at
age 45 (vs. 50) years. The American Cancer Society (ACS) made a similar recommendation
in 2018.157 Although both of these recommendations are largely based on modeling studies,
observational studies also suggest prevalence of advanced neoplasia is similar between 40-
and 50-year-olds. For example, an analysis of the New Hampshire Colonoscopy Registry
demonstrates that, despite a lower prevalence of any neoplasia in younger adults (17.5%

Vs 22.1%, p <0.01), prevalence of advanced neoplasia is similar between the two groups
(3.3% vs 3.6%, p=0.50).158 A recent meta-analysis similarly reports a pooled prevalence of
advanced neoplasia of 3.6% (95% ClI, 1.9, 6.7) for age 45-49 years and 4.2% (95% ClI, 3.2,
5.7) for age 50-54 years (p=0.69).1%° Modeling studies suggest initiating screening at age
45 years is cost-effective, 160 especially if using stool-based tests;161 given the recency of
the USPSTF guidelines, it is not yet clear how these recommendations will impact clinical
practice.

For adults younger than 45 years, it remains critical to identify those at higher risk and

who may benefit from earlier screening, including those with hereditary cancer syndromes,
a family history of CRC or advanced neoplasia, and predisposing conditions such as
inflammatory bowel disease.*3 Factors at multiple levels create barriers to adequately
identify and screen higher-risk adults. At the patient-level, family history may be unknown,
not discussed, or not disclosed, 162 particularly for advanced neoplasia that has not
progressed to cancer. At the provider-level, family history assessments may be underused or
inadequately recorded.163 Providers may not uniformly refer patients to genetic counseling
or testing, and efforts should be made to ensure equitable and culturally competent access to
these services.36: 164

Finally, awareness and evaluation of symptoms (e.g., rectal bleeding or hematochezia, iron
deficiency anemia) is important for both patients and providers, facilitating timely diagnosis
and treatment.16%. 166 For example, in a study of patients younger than age 40 years and
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referred for diagnostic colonoscopy due to rectal bleeding, 5% had advanced neoplasia
or CRC.167 A large study of U.S. veterans found that those with iron deficiency anemia
or hematochezia had 10-times the risk of EOCRC.168 EOCRC should also be considered
as a rule-out diagnosis in young adults with unintentional or unexplained weight loss or
abdominal pain without another identifiable cause.

Conclusion

In summary, incidence rates of EOCRC continue to increase across the globe, sounding an
alarm to focus the scientific community’s efforts on understanding this phenomenon. In just
the last few years, research has proliferated on the clinicopathologic features and risk factors
of EOCRC. Although older studies initially suggested a difference in tumor biology between
younger and older patients, these recent studies suggest more similarities between the two
groups. We also have learned more about the role of dietary and lifestyle factors in EOCRC,
which appear to confer a similar risk for younger adults as for later-onset CRC. In fact, as
we identify additional, exogenous exposures associated with EOCRC, these may also be risk
factors of later-onset CRC.

Several steps can enhance efforts to prevent and manage EOCRC. Universal genetic testing
of all younger adults diagnosed with CRC will guide treatment and broaden the knowledge
base of pathogenic variants relevant to this disease. Improved identification of family
history of CRC can further risk stratify those who may benefit from earlier screening;

risk prediction models incorporating family history, genetic risk, and environmental and
lifestyle factors may identify others likely to benefit from earlier screening. Finally, trends
in incidence and mortality rates over the next decade will provide empiric evidence of the
impact of new guidelines to begin average-risk screening at age 45 years.
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Figure 1.
Incidence rates of colorectal cancer by 10-year age group, ages 20-49 years, SEER 13, 1992
—-2018
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Risk factors of early-onset colorectal cancer
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Risk factor (direction of risk)

Hypothesized mechanism

Supporting evidence

Metabolic syndrome (+)

Obesity (+)

Type 2 diabetes (+/-)

Dyslipidemia (?)

Hypertension (?)
Dietary patterns (+)

Low fiber diet (+)

Sugar-sweetened beverages
*)

Red/processed meats (+)
High fat diet (+)

Micronutrients

Calcium (?)

Vitamin D (=)

Alcohol use (+)

Smoking and tobacco (+/-)
Sedentary behavior (+/-)
Maternal weight gain/obesity

)

Birth weight (+)
Dietary additives (?)

Intestinal dysbiosis
Bacteria (+)

Antibiotic use (?)

Chronic inflammation mediated by adipocytokines (TNF-a.,
IL-6, CRP) trigger immune response; abnormal signaling
pathways in insulin-like growth factors and sex hormones

Impaired insulin receptor activation, high levels of insulin-like
growth factors stimulate colonic mucosal cell growth and
prevent apoptosis

Triglycerides may increase fecal bile acid exposure or energy
for neoplastic cells; cholesterol accumulates in membranes of
cancer cells

Unclear, possibly prevents apoptosis

Decreased colonic motility causing increased exposure to
fecal carcinogens; stimulates butyrogenic activity, which is
anti-neoplastic

Induce insulin resistance; fructose may cause dysbiosis and
increase gut permeability

Exposure to mutagenic compounds including N-nitroso
compounds, heterocyclic amines, polycyclic aromatic
hydrocarbons

Increased bile acid metabolism with bile acid conversion to
deoxycholic acid

Prevents fatty acid/bile acid carcinogenic on intestinal mucosa;
inhibits inflammation

Inhibits proliferation and angiogenesis, promotes
differentiation; vit D receptor binding inhibits Wnt/p-catenin
pathway

Direct and indirect genotoxic effects by metabolites

Exposure to genotoxic compounds through circulatory system
or direct ingestion leads to colorectal adenoma

Decreased colonic motility causing increased exposure to fecal
carcinogens; impairment of glucose homeostasis; increased
levels of pro-inflammatory factors, decreased levels of anti-
inflammatory factors

Fetal programming leading to changes in adipose tissue and
insulin sensitivity; epigenetic methylation of genes involved in
energy metabolism

Increased risk of obesity in adulthood
Variable
Biofilm formation, increased inflammation, gut permeability

Potential oncogenic associations with Fusobacterium, B.
fragilis, S. gallolytics, H. pylori

Modifies intestinal flora

Increased risk in cohort, case-control
studies, and meta-analyses

Trend towards increased risk among
cohort, case-control, and meta-analyses
studies

Inconsistent results in few case-control
studies

Insufficient evidence

Insufficient evidence

Increased risk in cohort, case-control
studies, and meta-analyses

Increased risk in cohort, case-control
studies, and meta-analyses

Increased risk in few cohort studies

Increased risk in cohort, case-control
studies, and meta-analyses

Increased risk in cohort, case-control
studies, and meta-analyses

Insufficient evidence

Limited; decreased risk in cohort study

Increased risk in cohort, case-control
studies, and meta-analyses

Inconsistent results in cohort, case-control
studies, and meta-analyses

Inconsistent results in few studies

Limited; increased risk in cohort study

Limited; increased risk in cohort study

Insufficient evidence

Meta-analysis with increased
Fusobacterium in eoCRC patients

Insufficient evidence
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