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Abstract

Colon cancer remains a leading cause of cancer-related deaths, and there has been a rise in the incidence of
early-onset colon cancer or colon cancer diagnosed before the age of 50 years old. Early-onset colon

cancer has several differences in clinical presentation, as well as histopathology, genetic alteration, and
molecular profiling. Early-onset colon cancer can be differentiated into familial type that includes hereditary
familial syndrome and sporadic type. Demographic variance also exists in both developing and developed
countries. Due to the rising incidence of colon cancer diagnosed in younger age, it is imperative to examine
the available evidence regarding the mortality rate of early-onset colon cancer. Colon cancer is affected by
numerous modifiable and non-modifiable risk factors. Increasing obesity and lifestyle disorders in the
younger population, such as smoking, may influence this increasing trend. There are existing guidelines for
colon cancer screening in both average-risk and high-risk individuals. This narrative review aims to highlight
the pathogenesis of early-onset CRC; its clinical presentation, treatment, prognosis; and how it differs from
late-onset CRC.
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Introduction And Background

Colorectal cancer (CRC) usually presents with nonspecific symptoms, such as blood in stools, altered bowel
habits, fatigue, and weight loss [1]. There is an increasing concern regarding the rise of CRC in younger
populations. Epidemiology data from different countries showed increasing incidence [2]. Increasing obesity
and unhealthy lifestyles, such as Westernized high-fat diets and smoking, may have influenced this

trend [3,4]. Screening colonoscopy and removal of precancerous polyps are shown to decrease mortality [5-
7).

A proportion (10%) of newly diagnosed CRC cases are diagnosed before the age of 50, making it an emerging
health problem [8]. The five-year survival rate for CRC is approximately 60% for the localized stage but
declines to 14% for distant metastasis [9]. Some studies have shown that early-onset colon cancer has a
lower survival rate compared to late-onset colon cancer, signifying potential molecular biology

difference [10]. Early-onset CRC has been shown to have increased microsatellite instability [11], higher
frequency of gene mutation [12], and often more poorly and undifferentiated cancer [13]. The characteristics
and molecular pathogenesis of early-onset colon cancer differ from those of late-onset colon cancer, as it has
a wide spectrum of diseases [14]. Early-onset CRC also is often delayed in diagnosis [15], which could be
related to clinicians not having this diagnosis high in their differentials with the non-specific symptoms.
There is no specific treatment for early-onset CRC. The treatment protocol is based on staging as late-onset
CRC[16].

In this review, we discuss the incidence, pathogenesis, risk factors, clinical presentation, treatment, and
prognosis of early-onset colon cancer.

This article was previously posted to the Authorea preprint server on June 12, 2023.

Review
Incidence and epidemiology

Recent studies have demonstrated an increased number of colon cancer cases diagnosed in populations
younger than 50 years of age. Despite advances in treatment and screening modalities, CRC remains the
third most common cancer and second most common cause of cancer-related deaths worldwide [17]. There is
arising incidence of CRC in populations younger than 50 years of age in high-income countries, such as
Australia, Canada, the United States, Denmark, New Zealand, and the UK [2]. It accounts for 10% of newly
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diagnosed colon cancer cases and contributes to the overall mortality [18]. In Western countries, such as the
United States, 5% of all CRC-diagnosed patients are <45 years of age based on the Surveillance,
Epidemiology, and End Results Program (SEER) [8]. Eastern European countries reported an annual increase
of 7.4% in colon cancer among young individuals between 2008 and 2016 [19]. The rising cases of early-onset
colon cancer are also seen in other countries, such as Egypt and Iran [5]. It is evident that an increasing
incidence of early-onset CRC is observed in both developed and developing countries, and there is also
decreasing mortality in developed countries, such as Japan, the United States, Australia, and Western
European countries, which is likely due to the advancement of treatments and screening modalities.

Meanwhile, there is increasing mortality in countries, such as Mexico, Brazil, and Eastern European
countries, which could be related to health inequality due to a lack of resources [20]. From 2008 to 2012, age-
standardized incidence of early-onset CRC was 12.9 per 100,000 in Korea, which is the highest in Asia,
followed by Japan (9.7), the Philippines (6.5), China (6.4), and India (3.5) [2]. It is important to note that Asia
accounts for half of the colon cancer burden worldwide, especially China, which has the highest deaths and
disability rates from colon cancer, attributable to dietary risks, followed by the United States, India, and
Japan [21,22]. A similar contrasting result was documented in this sub-Saharan Africa study, where crude
incidence was reported to be low (4.40 per 100,000) [23]; however, it is associated with higher mortality and
morbidity [24]. This racial disparity is reflected in this study using National Cancer Institute (NCI)
epidemiology data [25].

Pathogenesis

Role of Genetics and Molecular Profile

Compared to CRC diagnosed in early adults, early-onset CRC has some distinctive pathological features, and
current knowledge has postulated that it is a heterogenous disease with both sporadic and familial cases, in
which the exact molecular cause of this phenomenon is yet to be clarified [11]. Studies have shown that
there is a difference in genetic variants between early- and late-onset CRC. In a 2021 Spanish Ministry-
funded study that examined both familial and sporadic early-onset CRC, approximately 13% of patients with
early-onset CRC were found to carry pathogenic germline variants in known cancer predisposition genes,
and around 2.5% of cases harbor genes that are not associated with colorectal cancer, such as BRCA1,
BRCA2, TP53, ATM, CHEK2, PALB2, and CDKN2A [26].

Patients with early-onset colon cancer tend to have more hereditary syndromes (e.g., familial adenomatous
polyposis, MUTYH-associated polyposis, Lynch syndrome, and certain hamartomatous polyposis conditions)
[27]. Lynch syndrome accounts for <5% of the total CRC cases and one-third of early-onset CRC cases, while
familial adenomatous polyposis (FAP) only accounted for less than 1% of all CRC cases [28-29]. Sporadic
early-onset CRC are classified into chromosomal instability (CIN) and microsatellite instability (MSI) [29].
There is evidence that MSI tumors are different from microsatellite stability (MSS) tumors, such as higher
frequency of BRAF mutations and a lower frequency of KRAS, APC, and TP53 mutations [30].

Molecular profiling studies have shown that patients with early-onset CRC have distinct molecular subtypes
compared to older patients, including increased expression of CMSI (consensus molecular subtype) of
unclear etiology and increased MSI [7]. In the two clinical trials FIRE3 and LUME-Colon-1, patients with
late-onset CRC have mostly CMS2 and CMS4 expressions, and it is worth noting that CMS1 was associated
with poorer survival rate, while CMS2 and CMS4 were associated with better survival rates [31-32].

Epigenetic alterations, such as changes in DNA methylation patterns, are observed in early-onset CRC.
Hypomethylation of long interspersed nuclear elements is significantly higher in younger patients than in
older patients and is associated with a lower survival rate [33,34]. It is thought that early-onset CRC has an
MSI expression from the methylated MLH1 gene that is responsible for controlling DNA replication, which is
also controlled by other genes, such as MSH2 and MSH6. This process led to mutations in the BRAF gene,
and the BRAF V600E mutation is widely accepted as a prognostic factor of sporadic CRC with MSI [35].

There are however reports that showed MSS-type tumors as a majority finding in early-onset CRC, lacking
DNA repair capabilities [36]. A population-based study only documented 17% of MSI in early-onset CRC[37].
Another role identified is the methylation of CpG islands. High levels of CpG island methylator phenotype
(CIMP) are associated with poor differentiation and MSI and BRAF mutations [12]. Perea et al. showed that
young-onset CIMP-high CRCs were associated with MMR gene germline mutations. By contrast, late-onset
CIMP-high CRCs were more likely to be sporadic MSI tumors [36]. MMR may have some therapeutic
implications and may serve as targets for immune inhibitors [38,39]. LINE-1 gene hypomethylation’s
expression in both late- and early-onset CRC was compared by Antelo et al. and was shown to have lower
level in the first group [33].

LINE-1 hypomethylation is associated with CIN [40], but its value in prognostication is yet to be elucidated.
Genetic testing should be recommended for young patients with a history of early-onset colorectal cancer in
the family [12,41].
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Histopathology features show that early-onset CRC often has signet ring cell histology, lymphovascular
invasion, and perineural invasion compared with late-onset CRC. These features are associated with

aggressive tumors and a worse prognosis [13]. The molecular profile in early-onset colon cancer is illustrated

in Figure 1.
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FIGURE 1: Schematic representation of the molecular profile in early-
onset colon cancer

CMS1: consensus molecular subtype 1, MSI: microsatellite instability, CIN: chromosomal instability, MMR:
mismatch repair

Credits: Author (Elvina Lingas)

Lifestyle and Modifiable Risk Factors

While genetics play an important role, lifestyle and environmental factors play an even bigger role in the

pathogenesis of early-onset CRC [3,4]. Various risk factors of CRC are illustrated in Figure 2.
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FIGURE 2: Schematic representation of the risk factors involved in the
initiation and progression of colon cancer

Credits: Author (Elvina Lingas)
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Highly processed diet with high intake of red meat and low fiber intake has been associated with increased
risk of colon cancer [42,43]. Deep-fried food interferes with lipid metabolism, increases oxidative stress, and
increases carcinogen production [44]. Food high in dietary trans fat is also associated with an increased risk
of CRC [44]. Habitual red meat consumers have 20% higher risk of developing CRC when compared to
occasional consumers [45].

Regular alcohol consumption is associated with colon cancer with an increased risk parallel to the duration
of alcohol use [46]. Moderate to heavy alcohol consumption has a 20% additional risk of developing CRC
[46]. Alcohol metabolism increases oxidative stress, disturbs the colon epithelial barrier and the colon
microbiome, and produces carcinogens [47]. Studies have shown that the microbial environment of the
colon, the concentration of bile salts, metabolites, and the level of oxygen also play a role in early-onset
colon cancer [48].

Cigarette smoking increases the risk of developing colon cancer [49], increases the expression of 5-LOX in
colon cancer, disturbs the apoptosis mechanism, and upregulates nicotinic acetylcholine receptors (nAChRs)
[50]. These receptors are responsible for multiple oncogenic signaling pathways and promote tumor
development and progression [51].

Physical activity decreases the risk CRC development [52]. Sedentary lifestyle sitting for more than 14 hours
per week may increase the risk of developing early-onset CRC [53]. Colon cancer survivors with high levels of
physical activity have a lower risk of recurrence [54].

The rising trend of obesity in the young population is worrisome especially because studies have shown that
it may increase the risk of developing CRC and may contribute to the increasing incidence of early-onset
CRC [3]. Carcinogenic mechanism of obesity could stem from insulin resistance, which increases chronic
inflammation, oxidative stress, DNA damage, and insulin-like growth factor-1 (IGF-1) levels, further
stimulating cell proliferation [55]. Obese individuals with type 2 diabetes mellitus has increased risk of
developing colon cancer, which is thought due to prolonged exposure to high levels of insulin in the colon
[56]. Weight loss seems to help in lowering this risk [57].

Clinical Presentation, Diagnosis, and Staging

Most patients with colon cancer have nonspecific symptoms, such as fatigue due to anemia or altered bowel
habits [58]. A thorough medical history and physical examination are warranted, including a routine
complete blood count, which may show anemia, a complete chemistry profile including a liver function test,
and occasionally a fecal occult blood test or fecal immunochemical test [58,59]. Different from late-onset
CRC, early-onset CRC often present with bowel obstruction [60]. The gold standard of diagnostic studies is
screening colonoscopy to check for polyps. Tissue diagnosis is obtained via biopsy. Further molecular testing
is performed to detect gene variants, such as KRAS, NRAS, and BRAF genes, as well as HER2 protein and
NTRK genes [61]. MSI testing is performed to detect high levels of gene changes and detect mismatch repair
(MMR) genes to discover genes, such as MLHI, MSH2, MSH6, PMS2, and EPCAM, which may offer
information regarding prognosis [62]. Computed tomography (CT) scan may show a mass or metastasis to
surrounding organs, which can sometimes be the first sign, especially if the patients are present in later
stages [63].

In 2018, the American Cancer Society (ACS) updated its screening guideline to recommend starting colon
cancer screening starting at age 45 years for average-risk individuals by either high-sensitivity stool-based
test or a structural (visual) examination based on preference and availability. Any positive testing of
noncolonoscopy screening testing needs to be confirmed with colonoscopy in a timely manner [64]. There is
a variation in screening guideline worldwide, with countries, such as Canada and the UK, recommending
initiating screening at age 50 [65,66], while Japan recommended to start screening with annual fecal
immunochemistry testing (FIT) at age 40 years [67]. Patients with hereditary and familial syndrome, such as
Lynch syndrome and FAP, are required to have expedited colon cancer screening in additional to other cancer
screening, such as esophagogastroduodenoscopy (EGD) [27].

Studies have documented a major delay in diagnosing early-onset CRC, ranging from a few months delay
[68,69] to two years in some case report [15]. This is potentially due to the fact that the symptoms are often
non-specific and clinicians do not have high index of suspicion of colon cancer in this population [70]. This
delay may contribute to advanced stages upon presentation [71] as several studies have documented that
early-onset CRC patients often present with stage III or even stage IV upon diagnosis [2,60,72-74]. A recent
multicenter retrospective study in Korea by Son et al. showed that young patients with CRC present with
more undifferentiated or poorly differentiated carcinoma and a higher rate of perineural invasion and hence
are more likely to receive adjuvant chemotherapy and multidrug agents. Interestingly, they have better
recurrent free survival (RFS) compared to older patients possibly due to better compliance with
chemotherapy [75].

The stages of cancer were determined based on the extent of tumor extension and involvement of distant
organs (Figure 2). Colon cancer staging system uses the tumor/node/metastasis (TNM) classification system
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by the American Joint Committee on Cancer (AJCC) that are assigned by the characteristics of primary tumor
(T), the extent of regional lymph node involvement (N), and distant metastasis (M). In addition, metastasis

may be defined by the preoperative clinical assessment or pathological evaluation of metastatic

tissues [76,77]. The development of colon cancer and its various stages is illustrated in Figure 3. The staging

classification system based on the TNM classification system is shown in Table 7 and Table 2.

Transversecolon ‘:\J__‘l
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FIGURE 3: Schematic representation of colon cancer and its various

stages

Credits: Author (Elvina Lingas)
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Tx

TO
Tis
T1

T2

T3

T4
T4a

T4b

Nx

NO
N1

N1a

N1b
N1c

N2
N2a

N2b

Primary tumor cannot be assessed
No evidence of primary tumor

Carcinoma in situ: intraepithelial or intramucosal carcinoma (involvement of lamina propria with no extension through the muscularis
mucosa)

Tumor invades submucosa (through the muscularis mucosa but not into the muscularis propria)
Tumor invades muscularis propria

Tumor invades through the muscularis propria into the pericolorectal tissues

Tumor invades the visceral peritoneum or invades or adheres to adjacent organ or structure

Tumor invades through the visceral peritoneum (including gross perforation of the bowel through tumor and continuous invasion of
tumor through areas of inflammation to the surface of the visceral peritoneum)

Tumor directly invades or is adherent to other organs or structures

Regional lymph nodes cannot be assessed
No regional lymph node metastasis

Metastasis in one to three regional lymph nodes (tumor in lymph nodes measuring 20.2 mm) or any number of tumor deposits are
present and all identifiable nodes are negative

Metastasis in one regional lymph node
Metastasis in two to three regional lymph nodes

Tumor deposit(s) in the subserosa, mesentery, or nonperitonealized, pericolic, or perirectal/mesorectal tissues without regional
nodal metastasis

Metastasis in four or more lymph nodes
Metastasis in four to six regional lymph nodes

Metastasis in seven or more regional lymph nodes

M category M criteria

cMO

No distant metastasis by imaging or other studies, no evidence of tumor in distant sites or organs. (This category is not
assigned by pathologists.)

cM1/pM1 Metastasis to one or more distant sites or organs or peritoneal metastasis is identified and/or microscopically confirmed.

cM1a/pM1a Metastasis confined to one organ or site is identified without peritoneal metastasis and/or microscopically confirmed.

cM1b/pM1b  Metastasis to two or more sites or organs is identified without peritoneal metastasis and/or microscopically confirmed.

M1c/pM1c  Metastasis to the peritoneal surface alone or with other site or organ metastases and/or microscopically confirmed.

TABLE 1: TNM classification for colon cancer, including primary tumor (T), regional lymph node
involvement (N), and distant metastasis (M)

Credits: Author (Elvina Lingas), adapted from [72,73]
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Stage 0

Stage |

Stage IIA
Stage 1I1B
Stage IIC

Stage IlIA

Stage 1lIB

Stage lIC

Stage IVA
Stage IVB

Stage IVC

Tis NO Mo
T NO MO
T2 NO Mo
T3 NO MO
T4A NO Mo
T4B NO MO
T1-T2 N1/N1c Mo
T N2a Mo
T3-T4a N1/N1c Mo
T2-T3 N2a MO
T1-T2 N2b Mo
T4a N2a Mo
T3-T4a N2b Mo
T4b N1-N2 MO
Any T Any N M1a
Any T Any N M1b
Any T Any N M1c

TABLE 2: Prognostic stage groups

Credits: Author (Elvina Lingas), adapted from materials in [72,73]

Treatment

Colon cancer treatment options consist of surgical and systemic treatments based on staging. Oncologic
societies around the world, such as the European Society of Medical Oncology (ESMO), Japan Society of
Medical Oncology (JSMO), Chinese Society of Clinical Oncology (CSS), Korean Association for Clinical
Oncology, Malaysian Oncological Society (MOS), Singapore Society of Oncology (SSO), and Taiwan
Oncology Society (TOS), have similar guidelines when it comes to treating both early- and late-onset colon
cancer; however, more publications have proposed more aggressive surgical and nonsurgical modalities for
early-onset CRC diagnosed in stages III and IV [78,79].

Surgery is the mainstay of treatment for localized diseases [66]. Patients who present with acute obstructive
colon cancer often require a stent placement to relieve obstruction, and surgery is performed with
subsequent stoma creation [80]. Laparoscopic-assisted colectomy is appropriate and curative in patients
with suitable risks [81]. Neoadjuvant chemotherapy (induction chemotherapy before surgery) is often
recommended for locally advanced tumors, and the systematic review by Zhou et al. showed a decrease in
the number of affected lymph nodes, improved staging, and reduced post-operative morbidity compared to
patients who did not receive chemotherapy while having an acceptable level of toxicity [82].

Some observational studies [83,84] have shown that adjunctive therapy, such as regular low doses of aspirin
and other nonsteroidal anti-inflammatory drugs (NSAIDs), may have protective effects against colon cancer
with tolerable side effects. The aspirin dose recommended for high-risk populations is 80-1200 mg/day
depending on the stage and severity of disease; however, NSAIDs are not recommended for either general or
high-risk populations considering their side effects [85]. A Swedish cohort study showed that hormonal
therapy, such as estrogen alone or a combination of estrogen-progestin therapy, may reduce the risk of colon
cancer mortality by 26% in women older than 40 years of age. This study did not specify the stage of colon
cancer upon diagnosis and/or death [86].

Continuous advancements in precision oncology, including immunotherapy, are promising, including the
clinical benefits of anti-EGFR treatments for metastatic colon cancer [87]. In the phase II REVERCE trial, the
sequence of regorafenib (which is a tyrosine kinase inhibitor) followed by cetuximab is associated with a
longer overall survival in metastatic colon cancer; however, of note, the result may not apply to the majority

2023 Lingas et al. Cureus 15(9): e45404. DOI 10.7759/cureus.45404

7 of 12


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

of colon cancer since the participants had unresectable colon adenocarcinoma with wild-type KRAS exon 2
after failure of fluoropyrimidine, oxaliplatin, and irinotecan [88]. CRYSTAL and OPUS randomized clinical
trials demonstrated that adding cetuximab to standard FOLFIRI treatment (leucovorin, fluorouracil,
irinotecan hydrochloride) in patients with KRAS wild-type metastatic colorectal cancer (mCRC) significantly
improved the treatment outcome compared with chemotherapy alone [89,90].

Immunotherapy treatment modalities, such as PD-1 inhibitors (pembrolizumab and nivolumab) and CTLA-4
inhibitors (ipilimumab) offer promising results in the metastatic stage [91]. The phase II multicohort
CheckMate 142 study confirms the long-term benefits of the ipilumab-nivolumab combination in metastatic
colon cancer patients [92]. Ongoing and planned studies are zeroing on using circulating tumor DNA
markers as prognostication factor and deciding on therapy escalation or de-escalation [93].

Prognosis

Early-onset colon cancer seems to have a poorer prognosis compared to older populations [94] and faster
progression possibly due to different molecular and genetic variations, including increased gene expression
associated with high-risk CMS subtype and chromosomal instability [31,32,95]. Early-onset colon cancer
patients tend to have advanced stage upon diagnosis with higher mortality and are more likely to receive
postoperative chemotherapy and multivalent regimens compared to older patients [96]. Some data suggest
that the poor outcome of early-onset colon cancer is most likely due to the advanced stage of the disease
[97].

Prognostication is based on the location of the tumor, depth of tumor invasion, tumor stage, tumor
differentiation, surgery, pathological type, tumor size, lymph node metastasis, and distant metastasis [73].
The tumor site may have some prognostic value, but it requires further validation [98]. However, conflicting
data do exist. A 2015 observation study using SEER data from 1988 to 2011 showed that younger patients
have better survival [99]. This is also reflected in a similar observational study by Abdelsattar et al. [100] and
in a multicenter cohort study by Son et al. This finding in particular was possibly due to the fact that younger
patients tend to tolerate chemotherapy better and have better compliance to treatment [75]. The mortality
rate seemed to be increased in early-onset CRC [101]. The survival data may be confounded by hereditary
forms of colon cancer, which have better survival [102].

Conclusions

Early-onset colon cancer has become an increasing major health burden. Aside from presenting more often
with more aggressive histopathological features, studies have shown that they may have a different
molecular profile compared to late-onset colon cancer. Sporadic-type early-onset colon cancer tends to have
more chromosomal instability and microsatellite instability mutation. In some studies, early-onset colon
cancer was found to have consensus molecular subtypes that reflected poor prognosis.

There is evidence of increasing unhealthy lifestyle in younger population. Smoking, physical inactivity, poor
diet, and obesity can increase the risk of developing colon cancer. Increasing obesity and unhealthy lifestyle
in younger population may contribute to the increasing incidence or early-onset colon cancer. There are
conflicting data regarding colon cancer’s survival; however, there is sound evidence that younger patients
tend to have more advanced stage upon diagnosis and delay in diagnosis. It is important for clinicians to
recognize this and obtain a thorough examination for young patients presenting with non-specific
gastrointestinal symptoms.

Colon cancer are staged by the TNM system. There is no specific treatment guideline or protocol for early-
onset colon cancer compared to late-onset colon cancer. Immunotherapy has been implemented in colon
cancer and shows promising results in several trials.
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