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Abstract

Colorectal cancer (CRC) is one of the most prevalent malignancies worldwide.
Although most prevalent among older people, its incidence above 50 years old has been
decreasing globally in the last decades, probably as a result of better screening.
Paradoxically, its incidence in patients below 50 years old [early-onset CRC (EO-CRC)]
has been increasing, for reasons not yet fully understood. EO-CRC's increasing
incidence is genre independent but shows racial disparities and has been described to
occur worldwide. It follows a birth-cohort effect which probably reflects a change in
exposure to CRC risk factors. Its incidence is predicted to double until 2030, which
makes EO-CRC a serious public health issue. Both modifiable and non-modifiable risk
factors have been identified - some are potential targets for preventable measures. EO-
CRC is often diagnosed at advanced stages and histological features associated with
poor prognosis have been described. EO-CRC presents some distinctive features:
Microsatellite instability is common, but another subtype of tumours, both
microsatellite and chromosome stable also seems relevant. There are no specific-age
treatment protocols and studies on EO-CRC survival rates have shown conflicting data.
Due to the higher germline pathological mutations found in EO-CRC patients, an
accurate genetic risk evaluation should be performed. In this review we summarize the
current evidence on epidemiological, clinical, histopathological and molecular features
of EO-CRC and discuss the contribution of genetics and lifestyle risk factors. We further
comment on screening strategies and specific dimensions to consider when dealing

with a younger cancer patient.
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Core Tip: The incidence of early-onset colorectal cancer has been surprisingly
increasing worldwide and it has become a public health issue. Its clinical, genetic,
molecular and histological characteristics suggest that this may be a distinct entity, with
a more aggressive behaviour. However, both genetic and environmental risk factors
seem to contribute to this observed epidemiological shift in CRC incidence. More
evidence is needed in order to clarify EO-CRC aetiology and to develop screening and

management strategies.

INTRODUCTION

Colorectal cancer (CRC), the most common gastrointestinal cancer, is the third most
common malignancy and the third leading cause of cancer-related death globally!l.
Once perceived as an elderlies” disease, CRC incidence among the younger population
[early-onset CRC (EO-CRC)] has been gaining increasingly more relevance. Recent
epidemiological data show that, probably due to interventions on risk factors, screening
programs implementation and better treatmentl2, the incidence and mortality of CRC in
patients older than 50 have been decreasing for the past decadesl. On the contrary,
from 1939, when the first case-reports of CRC in the young were published!!, the
incidence of EO-CRC has been increasing and is expected to double by 2030051.

Efforts have been made to characterize EO-CRC, questioning if this is a different
entity from CRC in the older. As consensus is lacking, the authors review the existing
knowledge, namely epidemiology, risk factors, clinical, molecular and genetic
characteristics as well as treatment and overall survival (OS). EO-CRC has become a
global health issue and there is a need to raise awareness for it, aiming at lowering the

suspicion diagnostic threshold for symptomatic young patients.

EPIDEMIOLOGY

CRC belongs to the top 3 of the most prevalent cancers worldwide, representing, in
2020, 10% of the global cancer incidence and 9.4% of all cancer-related deathsll.l.

Globally, both CRC incidence and mortality have been decreasing in the last
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decadesl®®l, which is consistently associated to screening programs implementation,
thus allowing the detection and removal of adenomatous polyps and consequently
interrupting the adenoma-carcinoma sequencel’l. In fact, the inflection time point when
CRC incidence began to decrease occurred in the 1990s, coincident with the adoption
and diffusion of colonoscopy for screening of average-risk CRC patients in several
countries/®],

CRC incidence follows a heterogeneous geographical distribution. The highest
incidences have been reported to occur in China, United States of America and Japan.
Studies suggest that Human Development Index (HDI) is positively correlated with
CRC incidencel?], meaning that countries with high HDI have a CRC incidence about 4-
folds higher than low HDI countries. Currently, developed countries show a stabilizing
or declining incidence rate whereas developing countries have an increasing incidence
rate. The later is probably related to the increase in exposure to CRC risk factors!'],
reflecting the adoption of a western lifestyle that accompanies economic transition[!0l.

Current data implies that CRC is going through an epidemiological change. In fact,
sed on data from the United States Surveillance, Epidemiology, and End Results
program, Galloway ef all'll concluded that, although CRC incidence is decreasing by
3.1% per year among people above 50 years old, the incidence of EO-CRC is increasing
by 1.4% per year. EO-CRC patients currently account for a percentage that ranges from
0.4% to as high as 35.6% with a median of 7% between the considered reports - such
high values should be interpreted carefully as they may reflect institutional biases due
to cancer centres that probably receive a high referral of EO-CRC patientsl!2l.
Undoubtedly, CRC has become an increasingly more common diagnosis in younger
patients.

One problem potentially leading to controversial research results is the lack of an
agreed definition of EO-CRC patients. Some authors use a cut-off of 40 years old['213],
but most reports in the literature apply a 50 years old limit{101415], this later being

consistent with the Amsterdam criteria, that identify patients more likely to have an
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hereditary predisposition for CRCI'®]; 50 years old also coincides with the starting age of
most screening programs in the general risk population.

Most studies found no significant difference in gender distribution in CRCI217] and
the available evidence on EO-CRC prevalence found it to be independent of gender as
welll®3]. Racial disparities in EO-CRC incidence have however been described, namely
with a higher proportion and a worse OS rate of black patients!'®l, which also occurs for
CRC in general in the United States[!”l. A recent study that suggested that the EO-CRC
incidence has increased in all racial groups, reported the most elevated rise in Non-
Hispanic White People. However, the overall incidence of EO-CRC in the United States
remains higher for African Americansl?l. In an Israeli study, racial differences were also
found, with the highest EO-CRC incidence in the Arabic population/?'l.

The reasons for the increased incidence of EO-CRC are not fully understood. Some
authors suggest that the common use of colonoscopy is responsible for a proportion of
the detected CRCs in young adults. This may have happened as a consequence of the
diffusion of colonoscopy as a screening method as well as of an increased endoscopic
capacity and efficiency, which may have unintentionally lowered the threshold for
performing colonoscopy in younger patients!22l.

Another important factor to consider when reflecting about EO-CRC incidence is the
aobally described existence of a strong birth-cohort effect. This is considered to occur
when age-specific incidence rates vary by generation as a result of changes in people’s
exposure to factors associated to disease risk. This is the opposite concept of period
effect, when incidence varies at the same time for all generations(2.

A report based on the incidence of CRC in people from 20 European countries, aged
20 to 49 years old and including data from 1990 to 2016, elucidates on this effect. It
showed that the CRC incidence for people aged 30-39 years old started to increase
exactly 10 years earlier than in the 40-49 years old group and that, although the CRC
incidence also increased for 20-29 years old patients, the study period (> 1980) did not

cover the time inflection for that group. This suggests that the turning point possibly
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occurred before 1990. Additionally, the biggest incidence rise occurred in patients 20-39
yearsl24l, which is consistent with results from an American studyll.

This recent rise in EO-CRC has been observed globally. A report including data from
20 European countries found that EO-CRC incidence has raised significantly in 14 of
them, in 5 of them was stable and decreased only in Italyl2!l. Another study about EO-

C incidence among 36 countries from 5 continents reported that EO-CRC incidence
was stable in 14 countries, decreased in 3 countries (Austria, Italy and Lithuania) and
increased in 19 countries. From these 19 countries, 9 presented an isolated increase in
EO-CRC incidence rate - in 5 of them CRC incidence was declining in the older
population and in the remaining 4 Counﬁies it was stablel17].

Additionally, authors concluded that the most rapid increase in EO-CRC happened in
countries where incidence rates were already the highest, such as South Koreal'l. This
may be justified by the modernization process that occurred earlier in South Korea in
comparison with other Asian countries and the consequently rapid dietary transition
that took place following the Korean warl®l. The obesity increase that has been
occurring worldwide, both for adults and children, may also play an important role,
particularly because Asian countries have been experiencing some of the largest relative
increases in body mass indexesl?l.

In terms of future predictions, it is expected that the incidence rate for EO-CRC will
double by 2030, while in older patients incidence it will probably decline by more than
one-third. Meaning that, compared to 2010, when only 4.8% of all colon and 9.3% of all
rectal cancers were diagnosed in younger patients, by 2030 they will sum up to 10.9% of
all colon and 22.9% of all rectal cancersl®.. These findings reflect the fact that EO-CRC is

clearly becoming an important public health issue.

RISK FACTORS

CRC is a very heterogeneous disease that results from an interaction between genetic
and environmental factors. The majority of CRCs are sporadic (70%), a small proportion

of cases are caused by inherited syndromes (5%) and the remaining (25%) have an
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associated hereditary component, which has not yet been well established and is known
as familial CRCIZ]. Based on current knowledge, both modifiable and non-modifiable

factors may also contribute to EO-CRC.

Modifiable risk factors

There is substantial controversy about results from studies concerning risk factors for
CRC, and for EO-CRC in particular, especially concerning preventable risk factors. The
majority of data about CRC risk factors is based on older age cohorts” evidence and
mainly represents mid- to late-life exposures. But when it comes to EO-CRC, early-life
exposures may have a predominant rolel2l.

One of the most consensual risk factors for CRC is excess body weight. This has been
associated with an increased risk for CRC[?! and has become more relevant since
obesity prevalence has increased in the last decadesl®l, paralleling the tendency of EO-
CRCP. In fact, recent data show that obesity is responsible for a 20% higher risk of EO-
CRCI221.

Early-age exposures and weight are also suggested to influence CRC risk. A meta-
analysis concluded that higher body fatness at an early age is associated with a higher
risk of colon cancer in men and women, the same not applying to rectal cancer®3l. This
correlation is probably explained by the effect of proinflammatory cytokines produced
by the adipose tissue and by the chronic exposure to hyperinsulinemia and insulin-like
growth factor 1 (IGF-I), that may contribute to carcinogenesis/34l.

Another consistently associated risk factor for CRC is diabetes mellitus, with an
increased relative risk of 30%[%l. In fact, a Swedish study concluded that a diabetic
patient reaches the 10-year cumulative risk for CRC that justifies the general screening
program 5 years earlier than a non-diabetic patient3l. Its impact on EO-CRC has
already been proved as well371.

Both alcohol®¥l and tobaccol®! are independent risk factors for CRC. A recent study
also showed their contribution to EO-CRC, particularly when concomitantly

presentl441l. The protective role of physical activity has been described in different
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studies that demonstrated an inverse relationship between physical activity and risk of
colon cancer. This probably happens due to decreased inflammation, reduced intestinal
transit time, decreased IGF-I levels, reduced hyperinsulinemia and modulated immune
function, that come with physical activityl42l.

Conflicting data exists regarding the role of dyslipidaemia in CRC risk. While some
studies suggest a protective onel®], others associate it to a higher risk/*l. The association
between diet and CRC has been extensively studied. Some of the proposed elements
associated to a higher risk of CRC are processed and red meat*>4’l and sugar sweetened
beverages(l - these are believed to influence gut immune response and
inflammation*?l. On the contrary, a diet rich in fiber, dairy, fruits, vegetablesi#3l, fish,
beta-carotene, vitamin C, vitamin E, vitamin D and folate has shown a protective
effect(41.50],

Aspirin and nonsteroidal anti-inflammatory drugs also exert a dose-dependent
protective effect for CRC, through inhibition of the cyclooxygenase pathwayl5!l. Some of
these interactions may account for the older onset/EO-CRC findingsi#1l. The importance
of including fiber in the diet is mainly due to the production of short chain fatty acids
during fiber fermentation. These have anti-inflammatory and anti-tumor properties(>2
and their levels are inversely related with CRC occurrencel®!.

The Western diet, typically rich in red and processed meat and poor in fiber, may be
implicated on some of the differences found in incidence among populations/49l.
Currently, the increasing incidence of EO-CRC is mostly observed in high-income
economies or countries transitioning to a high-income economy and thus adopting
Westernized lifestyle habits such as a western diet, weight excess and less activity level
- all these may contribute to the increase in EO-CRCI'"I,

Microbiota has been recently proposed to also play a role in CRC pathogenesis. After
comparing the colonic bacterial flora of populations considered to be at high and low
risk for CRCI54, differences in microbiota composition were described - this may be a
consequence of dietary habits and could harbour a risk for the development of CRC.

Besides diet, the use of antibiotics may also affect the microbiota composition and it has
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been showed that the use of antibiotics, especially when used repeatedly!>! or for long
periods during early to middle adulthoodl¢], is associated with an increased risk of
developing CRC. From this point on, further research is needed before a microbiota
modifying approach is considered. Current data shows conflicting results on prebiotic
and probiotic therapy in CRC patientsl*.58l. Based on the already mentioned birth-
cohort effect, it seems that modifiable risk factors may play an important role in EO-
CRC pathogenesis. The majority of the already known modifiable factors for CRC in
general are believed to also apply to EO-CRCH#I. However, conflicting and limited

evidence demands more studies.

Non modifiable risk factors

The most consensual risk factor for CRC is a positive family historyl!7l: First-degree
relatives (FDR) have an increased risk of developing CRC, especially when the proband
was diagnosed at a younger age. In fact, having a FDR diagnosed under the age of 50
increases the risk of developing CRC by more than three-fold5?l. This risk is also
increased for people with more than one affected relativel®], and for family history
among distant relatives(®l. Additionally, a history of advanced adenomas or even a
family history of any kind of adenomas also increases CRC riskl6162].

Other known conditions that increase the risk for EO-CRC are Lynch syndrome (LS)
and familial adenomatous polyposis, among other hereditary CRC syndromes, with a
larger proportion of EO-CRC being hereditary compared with older CRC patients/1263]
(Figure 1). Additional risk of EO-CRC has also been described for patients treated with
pelvic radiﬁon at young agel17.64],

Finally, patients with inflammatory bowel disease (IBD) are also known to be at
increased risk for CRCI54, due to long-term inflammation. The highest risk is associated
with extensive long duration colitis and/or a concomitant primary sclerosing
cholangitis diagnosis. The association with EO-CRC, especially for ulcerative colitis, has
been clearly demonstrated['5l. Conflicting data has been published about the correlation

between breast cancer and CRC. Several studies have suggested an increased risk of
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CRC for patients with breast cancer at younger ages, and this relationship has also been

suggested for EO-CRCI5L.

CLINICAL AND HISTOPATHOLOGICAL CHARACTERISTICS

Evidence from different studies found some differences between EO-CRC and older
patients CRC, concerning clinical presentation, location and histological characteristics,
suggesting it might be a distinct entity. Most studies have agreed on the clinical features
of EO-CRC, namely on the most common presentation symptoms, with abdominal
pain, rectal bleeding, weight loss, anaemia, decreased appetite and change in bowel
habits[125265], as well as on the more frequent presentation with bowel obstructionl®6l.
These common clinical symptoms are in accordance with the most common location of
EO-CRC in the left colon, more precisely the rectum and the sigmoid colon, as described
in the United States[122367-6%]. However, global data regarding location are conflicting.

A delay in the diagnosis of EO-CRC has been consistently described, with one series
showing an average delay of 47 to 6 mol”l and even with case-reports of 2 years
delay!”l. This represents a 1.4-fold increase in time when compared to older patients!”l.
Various reasons can justify this, both doctor and patient related. There is probably both
a lower suspicion by the clinicians, hence assuming that the symptomatology is
associated to other benign and more common pathology (such as irritable bowel
syndrome or haemorrhoids) and consequently not investigating further, and a younger
patients’ delay in seeking medical attention, out of fear, denial, absence of information
about alert symptoms, difficult access to health care or financial reasons['77273],

Several studies consistently demonstrated that younger patients present more often
with stage III or IV diseasel!%6674, In fact, one multicentre retrospective study found that
61.2% of EO-CRC compared to 44.5% of older patients presented metastatic disease at
diagnosis(!21375]. A plausible explanation for this relates to the absence of screening
programs for younger patients but it may also be due to aggressive histopathological
characteristics of EO-CRC and to its potential genetic basis, that may predispose to

accelerated carcinogenesis in young patients. The diagnostic delay in younger patients
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may also contribute to more advanced disease at EO-CRC diagnosis/’®], although this is
not completely explained by the longer time to diagnosis/70L.

Furthermore, synchronous or metachronous tumours more frequently arise in EO-
CRCl7¢l but precursor adenomatous lesion are less frequently identified in the EO-CRC
groups compared with older ones!!352 - this also favours the accelerated carcinogenesis
hypothesis. Histological predictors of bad prognosis have also been often found in EO-
CRC. Young patients’ tumours more frequently display adverse histologic features
compared with older CRC patients, such as mucinous or signet cell differentiation and
poorly differentiated tumoursl(t36668771;  [ymphovascular, venous, and perineural

invasion have also been described to be more comm onl13.66],

MOLECULAR AND GENETIC FEATURES

Since the classical sequence adenoma-carcinoma implicated in the carcinogenesis of
CRC has been proposed, our understanding of its biology has evolved and currently
CRC and particularly EO-CRC is believed to be an heterogenous disease, including
cases with a strong hereditary component as well as sporadic diseasel”.. For every CRC
patient, a genetic aetiology should be considered, and this is particularly important for
EO-CRC patients. In the EO-CRC group, even if we exclude LS (the most common
hereditary CRC syndrome) patients, there is still a clear familial component, stronger
than for older patients!7sl.

It is estimated that 20%-30% of CRC are associated with a family history of colorectal
polyps or cancer, and that up to 3%-5%_of CRC are attributed to an identifiable
inherited CRC syndrome, such as LS, familial adenomatous polyposis, MUTYH-
associated polyposis, juvenile polyposis syndrome, Peutz-Jeghers syndrome or
others79l. Recent studies concluded that 1 in 5 of EO-CRC cases is attributed to
hereditary caEer syndromesl®3l, and half of those particularly to LSI®! (Figure 1).

Observing mutational profiles of left-sided CRCs, it was found that EO-CRC patients
have higher rates of mutationﬁn genes related to cancer-predisposing syndromes, such

as MSH2 and MSHS6 (LS), neurofibromatosis type 1, PTEN hamartoma tumours
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syndrome or Cowden’s syndrome, tuberous sclerosis complex (TSC)1 and TSC2, and
BRCA2 (hereditary breast and ovarian cancer syndromes)[8!1.

Due to the fact that a larger proportion of EO-CRC seems to be hereditary compared
with older patients CRCs, the diagnosis of E-CRC is currently an indication for
referral for genetic evaluation®2l. Additionally, the variability in clinical presentations
and potential for phenotypic overlap in CRC justifies the recommendation for genetic
testing using a multiﬁne panel for all individuals with an age below 50 years old[$3l.
This next-generation genetic tests identify pathogenic germline variants in 16%-20% of
EO-CRC cases, including genes with moderate to high penetrance in cancer
syndromesl6380],

The diagnosis of a hereditary cancer syndrome frequently influences therapeutical
options. In fact, it determines the surgical approach (e.g., subtotal colectomy instead of
segmental resection), the chemotherapy regimen choice, colonoscopy surveillance
intervals, and management of potential extracolonic cancers!8!. Furthermore, genetic
testing is also important to identify relatives that may benefit from anticipation of
colonoscopy screening(83l.

Although germline genetic alterations can be implicated in 20% of individuals with
EO-CRC, hereditary syndromes continue to account for only a minority of cases and the
majority of EO-CRC are sporadic, in patients with no family history of CRC3657], CRC
represents a heterogenous group of cancers, although its majority can be divided in a
few molecular subtypes, that influence treatment options such as chemotherapy
regimens and correlate with cancer survival. Interestingly, current evidence suggests a
different proportion of molecular tumour subtypes between older and EO-
CRCsl68788889]

CRC usually follows one of the three main molecular subtypes: Chromosomal
instability (CIN) or suppressor pathway subtype (80%-85%), CpG island methylator
phenotype (CIMP) or serrated pathway (40%)_or microsatellite instability (MSI) or
mutator pathway subtype (10%-15%). The later is characterized by MSI due to loss of

DNA mismatch repair (MMR), occurring both in a sporadic manner or in association
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with germline alterations in MMR genes (LS), as reviewed in Cugrais ef all®l. These
subtypes are not mutually exclusive and can frequently overlap, with a minority of
CRCs exhibiting both microsatellite and chromosome stability (MACS)78%].

The currently available studies addressing the molecular profile in EO-CRC have
reached conflicting results. Some authors present evidence that EO-CRC tumours
present more frequently with MSI (MSI-H)8.%l. MSI tumours in these patients are
mostly related to LS[%!l and rarely to inactivation of MLH1 (which commonly occurs in
older patients) but are more frequently associated with MSH2 inactivation®?. They are
associated with a better prognosis than microsatellite stable (MSS) tumoursl?l. Other
reports describe that the majority of EO-CRC are rather MSS, lacking DNA repair
mechanism abnormalities®#*], EO-CRC MSS tumours are typically localized in the left
colon, rarely associate with other primary neoplasms and have a strong familial
component, features that distinguish them from MSS CRC in older patients!®.

MMR status has potential therapeutical implications. For example, CRCs exhibiting
MMR deficiency typically have poor response to fluorouracil-based adjuvant
chemotherapyl?l. Interestingly, however, patients with MMR-deficient tumours tend to
exhibit better OS, attributed to the more immunogenic nature of these tumours!®.
Additionally, metastatic tumours with MMR deficiency are candidates for immune
checkpoint inhibitors(5s].

The CpG island methylator phenotype, seems to play a modest role in EO-CRC. EO-
CRC are frequently CIMP-low except for EO-CRC LS patients, for whom a higher
proportion will be CIMP-high, compared to those who develop LS-related CRC later in
lifel™. A more recently described subset of CRC, defined by MACS because of their
diploid DNA content and lack of MMR deficiency, may account for 30% of all sporadic
CRCs. These affect younger patients more commonly and have been identified
frequently in the left distal colon and rectum. Moreover, this molecular subtﬁe has
been associated with poor differentiation, early occurrence of metastasis, disease
recurrence and lower survival than patients with MSI or CIN. This can be related to its

lack of immune response, opposite to the immunogenic favourable properties of MSI-H
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CRCI#I, There is still an incomplete understanding of the molecular prgfile of MACS.
Silla at all78l reviewed its main features: MACS tumours are usually CIMP-low, are
rarely associated with BRAF mutations, lack MLH1 expression, and present a different
pattern of hypomethylation than MSI and CIN CRC. Some published studies suggest
that MACS may be related to familial CRC syndromes, based on observed increased
frequency in young patients!*l.

LINE-1 hypomethylation is another feature implied in EO-CRC and is considered to
be a surrogate marker for genome-wide hypomethylation. It is associated wij
increased CINP?L. Evidence shows that the degree of LINE-1 hypomethylation is an
independent factor for increased cancer related mortality and overall mortality in
CRCI8L. Antelo et all®l compared this marker in EO-CRC and older CRC and concluded
that the first group presented lower levels of LINE-1 methylation, which suggests a
distinct molecular subtype of these tumours. Additional studies are needed in order to
confirm this association and properly assess the prognostic value of LINE-1 in young-
onset CRC.

As for the consensus molecular subtypes classification, EO-CRC tumours are more
likely to have subtypes CMS1 or CMS2 tumours compared with CMS3 or CMS4
tumours!®l, From a mutational perspective, despite some conflicting data, the most
consensual results show that EO-CRC has lower prevalence of BRAF V600, NRAS,
KRAS and APC mutations in comparison with late-onset CRCI13,68].

In order to rigorously determine if the described characteristics are sufficient to
consider EO-CRC as a distinct molecular profile, more and larger trials are needed. In
fact, although lifestyle factors and exposure are believed to contribute to the EO-CRC
incidence increase, germline and molecular data also provide clues to a different CRC

pathogenesis.

TREATMENT
EO-CRC does not have specific evidence-based treatment protocols. The subset of EO-

CRC patients that present an inherited CRC syndrome, such as LS and polyposis
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syndromes, should follow their respective guidelines. This is important as the surgical
approach is generally more radical and there is a need to manage the risk for other
syndrome related malignancies by appropriate screening!%1.

For the majority of the patients, although there are no age specific recommendations,
current studies show that different therapeutic strategies are being implemented
according to the patient’s age. Surgery is the main curative treatment for CRC, but for
high-risk stage II and stage III there is a role for adjuvant chemotherapy!®l. When
comparing EO-CRC with an older cohort (65-75 years old), various studies have found
that more patients with eagly-stage EO-CRC are treated with adjuvant therapy for stage
II and IIT disease. In fact, stage II low-risk EO-CRC patients receive adjuvant therapy
El% of the time, compared with 19.1% in the older cohort/'°*1%2. Curiously, these
regimens were not associated with increased survival in stage I or stage II cancers and
offered only marginal benefit in stage IIl and stage IV diseases!'%2.

Additionally, EO-CRC patients have better chances of receiving surgical treatment
either for early-stage or for metastatic diseasel®10], of receiving radiotherapy at all
disease stages and also of being offered more aggressive adjuvant treatment, including
multi-agent chemotherapyl1®2l. Another study found that EO-CRC patients with stage I
or II were more likely to receive adjuvant or neoadjuvant therapy, compared to older
patients!®l,

These studies may reflect the fewer comorbidities of EO-CRC patients, a better
performance status and fewer adverse reactions to systemic treatment leading to a
better tolerance to multiagent regimens than the older patients(®l. However, they may
also show a bias towards offering more treatment to younger patients and there is a
question of whether they are being victims of overtreatment with no proven benefit.
According to current knowledge, equal treatment should be offered to EO-CRC
(without a hereditary syndrome). More studies on the putative molecular differences
between EO-CRC and older age CRC may in the future bring new molecular treatment

targets, allowing specific treatment(1l.
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SURVIVAL

Some authors, supported by population-based studies, suggest that EO-CRC presents a
better survival at every stagel77.1%] and even that 5 years after curative treatment, EO-
CRC survivors present the same main causes of death than the general population!'*4].
Other studies demonstrated that, after adjusting for stage, the prognosis is not
influenced by CRC agel'>%], with no difference in stage-specific 5-year disease free
survival and OS rateslétl.

On the contrary, there also reports from single institution studies that showed poor
clinical outcomes for EO-CRC and some authors suggest that the worse survival
described for EO-CRC is caused by adverse histopathological features(105.10¢l. O’ Connell
et all'?l's review found the average overall 5-year survivaldor young patients to be
33.4%, consistent with other reports(107.108], When comparing stage-for-stage survival for
younger vs older patients with CRC, it seems that young patients with earlier stages
have better survival than older patientsgvith the same stage disease. On the contrary,
EO-CRC patients with advanced stages do the same or worse than older patients with
the same advanced stage. This may justify the described overall lower 5-year survival
for EO-CRC because these patients frequently present advanced disease, possibly as a
consequence of the delayed diagnosis and/ or the more aggressive underlying nature of
the diseasel2.

Regarding advanced and metastatic disease, studies found that EO-CRC patients
have a lower progression-free survival although this does not impact the relative risk of
death or OS compared with older CRC patients/'?l. As for the mortality rate, although
CRC mortality is declining overall and, from 2000 to 2014, CRC death rates decreased
by 34% in individuals older than 50 years old, it increased by 13% in EO-CRC
patientsl!10l. One limitation of the studies is that survival outcomes for EO-CRC are
often confounded by the inclusion of hereditary colorectal carcinomas, such as LS
related CRCs, that are believed to present a better survival compared with non-

syndromic colorectal carcinomas/11.112].
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SCREENING

CRC incidence and mortality for people older than 50 years old have been declining
and the main proposed reason for that is the successful implementation of CRC
screening, with a possible contribution of a change in lifestyle. Screening programmes
have mostly emerged over the past few decades and generically apply to adults starting
from 50 to 60 years old"3. A recent study shows that from 36 countries from 5
continents, only 4 (Costa Rica, Cyprus, India and Philippines) lack any form of
screening programmes(1. Additionally, only 4 from the 36 mentioned countries have
an earlier age cut-off for screening: Italy, beginning at 44 years; China, Japan and
Austria, where it begins at 40 years old[!13].

On the contrary, prevalence of EO-CRC is increasing. Although one reason for this
increase could be over detection through screening, that seems unlikely since screening
before age 50 is rare in the general population in most countries!!3l. This was the reality
until the most recent publication of the American Cancer Society (ACS) guidelines that,
for the first time, recommend starting CRC screening at 45 years old for the standard-
risk population. The previous CRC screening recommendations have been based on
randomized controlled trials and prospective cohort studies. Since there is a lack of data
on screening below 50 years old, this recommendation was a result of simulation
modelling analyses of screening outcomes, that showed a favourable balance between
benefits of screening from 45 years old with its potential life-years gained and the
related burdens/14l,

Although the absolute risk for EO-CRC is still low, it is expected to increase and the
disease burden for younger patients is already substantial and potentially long-term.
Additionally, current data show that 40-45 years old adults have the same prevalence of
adenomas - CRC precursor lesions[!15] - than adults 50-54.5 years old and people aged
40-49 years old account for 75% of the EO-CRC patientsl!¢l. This questions the current
age threshold and supports the ACS recommendation.

The debate about lowering the screening age is ongoing, as reviewed in Anderson

and Samadder!"V7l. Those who are favourable to this approach prioritize the need to
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control the increase in EO-CRC. A study on screening worldwide, showed that two
(Austria and Italy) of the only three countries where EO-CRC has declined have
screening programs that begin below 50 years old (Italy at 44 and Austria at 40)13,
Curiously, in Austria, the decreasing incidence of EO-CRC has only occurred in the 40
to 49 years age groupl9l. Although another study showed that the same happened in
Italy, other described an incidence decrease among the 20-39 years old patients!24l.

Reasons for opposing the new 45 years old age threshold are diverse. One argument
is that studies have shown that the biggest increase rate in EO-CRC was observed for
people aged 20 to 39 years old, an age sector still not included in the suggested
screening program. Another argument is that, although increasing, the absolute
numbers of EO-CRC are still low, not relevant enough for a screening strategy change.
Other concerns are related to the risk of augmenting health inequities related to access
to health care services as well as for excessive financial health care costs, especially
considering most European countries are still struggling to finance the current
screening programs or are still in the process of implementing them[241.

Other authors suggest waiting for adequate randomized screening studies to test the
ACS recent recommendation before adopting it and even question if the screening
strategy should be applied to a malignancy whose biological and molecular substrate is
not fully understood®], which could mean that standard screening methods and
prevention may not even be appropriate for it.

Another small study, based on the evidence that EO-CRC affects predominantly the
left side of the colon, suggests a screening strategy with flexible sigmoidoscopy to be
applied to people from 40 to 49 years old, as their study group observed that 80% to
83% of those tumours were theoretically within the reach of a flexible sigmoidoscopy!®7l.
From a different angle, another important factor when reflecting on EO-CRC diagnosis
is that only half of the EO-CRC patients with germline pathogenic mutations reported a
CRC diagnosis in a FDR and, consequently, were not eligible for high-risk CRC
screeningl®3l. This contributes to the recommendation of performing genetic testing in

all EO-CRC. Moreover, tumour testing for MSI or immunohistochemistry for MLH],
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MSH2, MSH6, and PMS2 is recommended for all EO-CRC patients, even in countries
where universal CRC MSI screening is still not implemented|3l.

Another important aspect is the need to alert the medical community for the
increasing incidence of EO-CRC and the consequent need for a rigorous assessment of
CRC family risk trough detailed and complete family history in medical records,
namely reviewing the familiar history of cancer including first- and second-degree
relatives as well as personal and familiar history of advanced polyps!82l. Such systematic
evaluation may be difficult to reliably execute in real world clinical practice, but it
allows an appropriate determination of the patient risk for CRC and the identification of
high-risk patients who should be offered earlier screening. Additionally, existing
genetic risk models can also be employed and help identifying patients that benefit
from genetic testing[118l.

Another debatable option is to offer EO-CRC patients next-generation sequencing
technology for genetic germline testing. Multigene panel testing has increased detection
of germline mutations”l in a feasible and more cost-effective way than single gene
testingl®2l. Recently, the National Comprehensive Cancer Network guidelines proposed
offering multigene panel testing to all EO-CRC, aiming to increase opportunities for
primary and secondary cancer prevention/®3l.

The disadvantage of this approach is that by testing more genes there is a higher risk
of finding genetic variants of unknown significance or without a clear management
evidence-based guidelinell. As so, a multidisciplinary discussion with the active
participation of a genetics specialist is recommended to appropriately offer and
interpret genetic results, hence providing an appropriate counselling to EO-CRC

patients and their familiesl®l.

SPECIFIC CONSIDERATIONS IN THE YOUNG

When dealing with younger patients with a malignancy, there are some extra needs that
should be remembered and appropriately managed. EO-CRC patients, as older ones,

may need to deal with adverse effects of the different treatment modalities. They face a
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higher rate of sexual dysfunction than the general population and report to be less

sexually active after surgeryl!19. Although surgery for CRC does not generally affect
fertility’], chemotherapy, particularly fluorouracil, may reduce sperm count or cause
amenorrhea and radiotherapy may also reduce fertility in both men and womenl(20].

Fertility may play a central concern in the management of EO-CRC patients since
they may still be in the reproductive age and have incomplete reproductive plans. As
so, patients should be referred to reproductive specialists because options for fertility
preservation such as banking of cryopreservation of sperm/oocytes/embryos is
recommended prior to gonadotoxic chemotherapy and should be discussed, ahead of
starting treatment(121].

Other aspect to consider in EO-CRC patients is the possibility of the diagnosis and/or
treatment to be coincidental with a pregnancy, especially with the common delay in
childbearing age in the developed world. In that scenario, a multidisciplinary approach,
weighting the risks and benefits for both the mother and the foetus should be
employed. Although studies in pregnant women are missing, it is consensual agreed
that the first trimester is the most vital period to avoid, if possible, systemic agents!!22].
Besides fertility, another concern for EO-CRC is to cope with the eventual need for
transient or permanent ostomy. The present or past history of an ostomy can contribute
to worse sexual function and body imagel'2l.

Additionally, EO-CRC patients, especially the ones submitted to multimodality
therapy, will live the rest of their lives under the threat or burden of long-term sequelae.
Long-term survivors have reported sustained functional deficits and symptoms, such as
sexual disfunction, anxiety, worse body image, embarrassment with bowel movements
and faecal incontinencel'], with an impact on their quality of life. Concerning the
psychosocial dimension, higher depressiﬁ'l and anxiety diagnosis have been described
for CRC survivors!'?’l. Concordantly, the American Society of Clinical Oncology
recommends that all cancer survivors should be periodically evaluated for symptoms of
depression and anxiety using validated measures and adequately managed, if necessary

with the referral for psychological or psychiatric consultation12¢l. All of these afore-
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mentioned factors contribute to the EO-CRC burden of disease, diminish patients’

quality of life and should be appropriately addressed throughout patients” life.

CONCLUSION

By 2030, previsions are that more than 1 in 10 colon cancers and 1 in 4 rectal cancers will
be diagnosed in patients younger than 50 years old!®l. These numbers are alarming and,
consequently, as EO-CRC incidence increases, many studies have tried to shed light on
this entity, especially comparing it to the traditional older patient CRC. Evidence
suggests that EO-CRC differs from older-onset CRC in its clinical characteristics,
pathological features, aggressive behaviour, and molecular profiles. These may be
responsible for different responses to treatment and survival, although further studies
are needed.

Although a higher proportion of cases, comparing to older patients, is genetic or
familial, the majority of EO-CRC cases is still probably related to somatic genetic
mutations or epigenetic alterations induced by modifiable risk factors. This is consistent
with the birth-cohort effect observed. The contribution of lifestyle risk factors stands as
an opportunity for implementing primary prevention measures for CRC, such as the
practice of physical activity, having a healthy diet, quitting smoking and limiting
alcohol consumption, also preventing obesity and diabetes. A study showed that risk
factor modification could diminish CRC-related mortality in about 12% over 20-years(2.

This paper also aims at raising awareness of all the clinicians for the need to lower the
suspicion threshold for young patients presenting with alarming gastrointestinal
symptoms. We also stress the need to obtain complete clinical information, such as
history of polyps, familial history (first- and second-degree relatives) and personal
diseases history, namely previous radiation therapy or IBD. Only with this information
can the genetic risk of EO-CRC be properly evaluated and subsequent genetic
consultation be asked for, when indicated.

EO-CRC patients have some peculiarities and clinicians should be conscious of them.

Financial burden and treatment sequelae such as sexual dysfunction, incontinence,

21/ 22




anxiety and depression must be considered and managed. Patient’s reproductive plans
should also be discussed. To conclude, although currently we already have some
important data about EO-CRC, larger studies with longer follow-up of these patients
are needed in order to reach consensus about the nature and pathogenesis of this
disease.

Namely, ongoing studies and clinical trials, by our group and several others across
the world, on the impact on survival of increasing clinician awareness on EO-CRC, on
the definition of potentially specific phenotypes of EO-CRC, or on their specific
responses to radio-, chemo- or immunotherapy will shed light on the subject.
Hopefully, by improving young patients’ diagnosis, diminishing its observed delay,
tailoring its treatment and follow-up and implementing modifications in lifestyle risk
factors, in the future EO-CRC incidence will follow CRC incidence pattern and both

entities” burden will decrease.
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