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Simple Summary: Colorectal cancer is becoming more common in adults under 50. This trend
has been observed worldwide, the reasons for which are unclear. Research has suggested that
young patients present with more advanced diseases compared to their older counterparts yet
have similar survival. How young patients respond to current treatments is unknown as they
represent a small proportion of studies to date. The aim of this study is to evaluate disease-specific
features and survival of patients diagnosed with colorectal cancer under 50 years of age. Increased
understanding of the characteristics of early-age onset colorectal cancer will help to design age-
specific preventative, diagnostic, and treatment strategies for these patients and to inform public
health policies and initiatives.

Abstract: Background: The incidence of colorectal cancer (CRC) is increasing in the young (under 50).
Defining the clinicopathological features and cancer-specific outcomes of patients with early-onset
CRC is important to optimize screening and treatment strategies. This study evaluated disease-
specific features and oncological outcomes of patients with early-onset CRC. Methods: Anonymized
data from an international collaboration were analyzed. The inclusion criteria for this study were
patients aged <50 years with stage I-III disease surgically resected with curative intent. Overall
and disease-free survival were calculated using the Kaplan–Meier method. Results: A total of
3378 patients were included, with a median age of 43 (18–49) and a slight male preponderance (54.3%).
One-third had a family history of colorectal cancer. Almost all (>95%) of patients were symptomatic
at diagnosis. The majority (70.1%) of tumors were distal to the descending colon. Approximately 40%
were node positive. Microsatellite instability was demonstrated in one in five patients, representing
10% of rectal and 27% of colon cancers. A defined inherited syndrome was diagnosed in one-third
of those with microsatellite instability. Rectal cancer displayed a worse prognosis stage for stage.
Five-year disease-free survival for stage I, II, and III colon cancer was 96%, 91%, and 68%, respectively.
The equivalent rates for rectal cancer were 91%, 81%, and 62%. Conclusions and relevance: The
majority of EOCRC would be captured with flexible sigmoidoscopy. Extending screening to young
adults and public health education initiatives are potential interventions to improve survivorship.

Keywords: early-age onset; colorectal cancer

1. Introduction

Although the overall incidence and mortality of colorectal cancer (CRC) have de-
creased globally since the introduction of population-based screening, there has been a
significant rise in incidence among adults aged less than 50 years. Early age onset CRC
(EOCRC) now represents the second most common cancer and the third leading cause of
cancer-related death in this age group [1]. Similar trends have been observed in Europe and
North America, with the greatest increase in distal colon and rectal cancers [2–5]. Analysis
of 143 million people from 20 European countries showed CRC incidence has increased by
7.9% per year among subjects aged 20–29 years, by 4.9% among those aged 30–39 years,
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and by 1.6% among those aged 40–49 years from 2004 to 2016 [2]. Based on current data, it
is estimated that within the next decade, 1 in 4 rectal cancers and 1 in 10 colon cancers will
be diagnosed in individuals under 50 [4].

The factors driving these escalating trends are unclear. Although more likely to occur
in the context of a hereditary cancer syndrome, the majority of EOCRCs are sporadic [6–8].
Environmental and lifestyle factors such as diet, cigarette smoking, and alcohol consump-
tion in isolation do not explain the observed trends. Importantly, EOCRC represents a
global phenomenon and affects both genders. Potential risk factors hypothesized include
obesity, infections, antibiotics, and alterations to the gut microbiome [9].

The clinicopathological characteristics of EOCRC differ from those of late-onset dis-
ease. EOCRC typically involves the distal colon or rectum, presents at an advanced disease
stage, and displays unfavorable histological features such as poor differentiation, mucin,
and signet-ring morphology [10–12]. These differences may be associated with different
survival. Survival data for young patients are lacking and conflicting, and despite in-
creased use of neoadjuvant/adjuvant treatment among patients with EOCRC sensitivity to
conventional chemo(radio)therapy is unknown [12–14]. Unique tumor biology may influ-
ence response to treatment, and age at diagnosis is not considered in modern therapeutic
strategies. The long-term effects of chemoradiotherapy on quality of life and fertility are of
particular importance in this patient group. The potential overtreatment of patients with
low-risk diseases must be questioned in the absence of a definitive oncological benefit.

Although increasing in incidence, EOCRC accounts for a very small proportion of
CRCs overall. Individual institutional data alone are of limited value in addressing the big
questions that surround this disease. Whilst a huge body of data on older patients with
CRC exists, data relating to young patients is relatively lacking. Thus, the Research in Early
Age Colorectal Cancer Trends (REACCT) Collaborative was established to combine data
from institutions worldwide. This study aimed to evaluate the disease-specific features as
well as oncological outcomes of patients diagnosed with CRC aged less than 50 years.

2. Methods
2.1. Study Participants

A retrospective international multicentre observational study to assess the clinico-
pathological features and oncological outcomes of patients diagnosed with EOCRC was
performed. Patients were identified from the REACCT Collaborative database. Inclusion
criteria were adults aged between 18 and 49 years with a histologically confirmed diagnosis
of adenocarcinoma of the colon or rectum who underwent surgery with curative intent.
Rarer carcinomas and tumors of the appendix or anus were excluded. Patients with distant
metastases at diagnosis were excluded.

2.2. Data Collection

Each participating institution is a tertiary referral center with expertise in the man-
agement of CRC. Data entry, storage, and high-end data protection were via the REDCap
system. The data retrieved were fully anonymized. Ethical approval was sought at an
individual institutional level. Collected data included patient demographics, neoadjuvant
therapy, surgical intervention, histopathological features, surgical outcomes, adjuvant ther-
apy, and cancer-specific as well as overall survival information. Rectal cancer and tumors
of the colon were evaluated separately. Rectal cancer was defined as tumors within 15 cm
from the anal verge on colonoscopy. Clinical staging was according to the 8th edition of the
American Joint Committee on Cancer (AJCC) tumor node metastasis (TNM) staging system.
Chemotherapy was administered according to institutional protocol and the multidisci-
plinary team. Details pertaining to the decision-making or whether patients were enrolled
in a clinical trial were not recorded. Microsatellite instability was identified by PCR or by
loss of mismatch repair proteins, MLH1, PMS2, MSH2, and MSH6 on immunohistochem-
istry. The term MSI is used throughout for consistency. The definition of hereditary cancer
syndrome was a diagnosis of a constitutive pathogenic variant on germline testing.
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2.3. Study Endpoints

The primary endpoints were overall and disease-free survival. Secondary endpoints
for rectal cancer were pathological response rates and the impact of neoadjuvant and
adjuvant therapy on survival. For colon cancer, the secondary endpoint was the impact of
adjuvant therapy on survival.

2.4. Statistical Analysis

Continuous variables were described as mean (±standard deviation) or median values
(range) and, depending on their distribution, were compared by the Student t-test or Mann–
Whitney U test. Categorical variables were reported as percentages. The χ2 test or Fisher
exact test were used to assess the association of categorical variables. The Kaplan–Meier
method was used to calculate survival statistics. Independent variables were entered into a
multivariable binary logistic regression model. Variables that were found to be significant
at univariable analysis (p-value < 0.05) were entered into the multivariable model. A
significance level of 0.05 was used for all analyses; reported p-values are 2-tailed. Data
were analyzed using SPSS® software version 24.0 (IBM, Armonk, NY, USA).

3. Results
3.1. Baseline Demographics

A total of 3,378 patients diagnosed with non-metastatic colorectal cancer under the
age of 50 were included in the study. The median (range) age was 43 (18–49) years, and
1835 (54.3%) were male. Median (range) BMI was 24 (12–59). The majority of patients
were white Caucasian (45.2%) or Asian (29.6%). Never smokers accounted for 67%, and
15% had a history of excess alcohol consumption defined as >14 standard units/week. Most
patients were well with an ASA grade of 1 or 2 (92.4%) and an ECOG performance status
of 0 or 1 (98.1%). Only 3.2% (n = 109) had a diagnosis of inflammatory bowel disease, of
which ulcerative colitis was the most common. Almost one-third (31.8%) had a first-degree
relative with CRC. No patients had a previous diagnosis of CRC. The majority of patients
were European or North American. Baseline demographics are summarised in Table 1.

Table 1. Demographics and clinicopathological data.

Colon
N = 1884

Rectal
N = 1494

Median age (range) 43 (18–49) 43 (18–49)

Male 997 (52.9%) 838 (56.1%)

Median BMI (range) 24 (13–59) 23 (12–50)

Inflammatory Bowel Disease 67 (3.6%) 42 (2.8%)

First Degree Relative with CRC 591 (31.4%) 482 (32.3%)

Known hereditary cancer syndrome 0 (0%) 0 (0%)

Symptoms

Abdominal pain 580 (30.8%) 174 (11.6%)

Change in bowel habit 393 (20.9%) 380 (25.4%)

Rectal bleeding 535 (28.4%) 873 (58.4%)

Anaemia 235 (12.5%) 51 (3.4%)

Incidental finding 132 (7.0%) 52 (3.5%)

Other 170 (9.0%) 88 (5.9%)
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Table 1. Cont.

Colon
N = 1884

Rectal
N = 1494

Tumor site

Rectosigmoid junction 202 (10.7%) -

Sigmoid colon 674 (35.8%) -

Descending colon 160 (8.5%) -

Splenic flexure 121 (6.4%) -

Transverse 191 (10.1%) -

Hepatic flexure 58 (3.1%) -

Ascending colon 252 (13.4%) -

Caecum 239 (12.7%) -

Synchronous tumor 13 (0.6%) 14 (0.9%)

Neoadjuvant therapy 58 (3.0%) 527 (35.3%)

Type of neoadjuvant therapy

Chemoradiotherapy - 434 (29.0%)

Radiotherapy only - 59 (4.0%)

Chemotherapy only 58 (3.0%) 34 (2.3%)

pTNM stage

I 448 (23.8%) 460 (30.8%)

II 626 (32.2%) 411 (27.5%)

III 810 (43.0%) 623 (41.7%)

3.2. Clinical Characteristics

Rectal tumors accounted for 44.2% (n = 1494), while 1884 patients (55.8%) had tumors
located in the colon. The majority of colonic tumors involved the sigmoid colon (n = 674,
35.8%). Synchronous tumors were uncommon (0.8%). Most patients were symptomatic
at diagnosis. The diagnosis was an incidental finding in only 184 patients (5.4%). Clinical
characteristics are summarised in Table 1.

3.3. Neoadjuvant and Adjuvant Therapy

Neoadjuvant (chemo)radiotherapy was administered to 527 (35.3%) patients with rec-
tal cancer. The median radiotherapy dose was 50Gy, and the most common chemotherapy
agent administered was capecitabine. Neoadjuvant chemotherapy was administered to
58 (3.0%) patients with colon cancer. Adjuvant chemotherapy was given to 821 (43.6%)
and 615 (41.2%) patients with colon and rectal cancer, respectively. FOLFOX and CAPOX
were the most commonly administered regimes, summarised in Table 2. The criteria for
administration of adjuvant chemotherapy are unknown. It is presumed that the presence
of high-risk pathological features would have guided decision-making.

3.4. Pathology

Overall, an R0 resection was achieved in 3126 (92.5%) patients: 1728 colonic and
1398 rectal. Lymphovascular invasion, extramural invasion, and perineural invasion were
present in 34.6%, 29.9%, and 19.4% of colon cancers and 33.0%, 22.6%, and 21.1% of rectal
cancers, respectively. A pCR was identified in 171 (26.8%) patients with rectal cancer who
received neoadjuvant therapy.



Cancers 2023, 15, 2979 5 of 10

Table 2. Neoadjuvant and adjuvant therapy according to disease stage.

Stage I Stage II Stage III

Rectal cancer

Neoadjuvant (chemo)radiotherapy 160 (34.8%) 173 (42.1%) 194 (31.1%)

Adjuvant chemotherapy 70 (15.2%) 126 (30.7%) 419 (67.3%)

Colon cancer

Adjuvant chemotherapy 9 (2.0%) 215 (34.3%) 597 (73.7%)

3.5. Molecular Features

MSI status was known in 1033 patients (611 colonic and 422 rectal). MSI was identified
in 165 (27.0%) patients with colon cancer and 46 (10.9%) with rectal cancer. A definable
hereditary cancer syndrome was diagnosed in 60 (36.4%) and 11 (24.0%) patients with MSI
colon and rectal cancer, respectively. Notably, 58 (35.2%) of those with MSI colon cancer and
14 (30.4%) with MSI rectal cancer had not had genetic testing at the time of data collection.

3.6. Oncological Outcomes
3.6.1. Colon Cancer

The 5-year OS rates were 99%, 94%, and 82% for stages I, II, and III, respectively.
The 5-year DFS rates were 96%, 91%, and 68% for stages I, II, and III. Disease recurrence
occurred in 247 patients (17.9%); 56 (4.1%) and 191 (13.8%) developed locoregional and
systemic recurrence.

3.6.2. Rectal Cancer

The 5-year OS rates were 98%, 90%, and 76% for stages I, II, and III, respectively. The
5-year DFS rates were 91%, 81%, and 62% for stages I, II, and III. Disease recurrence occurred
in 265 patients (21.2%); 83 (6.6%) developed locoregional recurrence, and 212 (17.0%)
developed systemic recurrence.

3.7. Factors Influencing Survival

R0 resection and pN0 status were significantly associated with better DFS survival in
both colon and rectal cancer. Univariable and multivariable analyses are summarised in
Table 3.

3.8. Impact of Neoadjuvant and Adjuvant Therapy on Survival

Neoadjuvant therapy did not improve DFS in patients with pathological (yP) node-
negative (log-rank 0.92, p = 0.338) or positive rectal cancer (indeed, it was associated with
worse disease-free survival in the latter; log-rank 11.95, p = 0.001). This was largely due to
persistently positive disease despite receiving up-front therapy (i.e., poor tumor regression).
DFS was modestly better in those patients who received adjuvant chemotherapy in stage
III colon cancer (log-rank 2.84, p = 0.092); a larger sample size would be needed to achieve
statistical significance. Meanwhile, the need for adjuvant chemotherapy in stage II colon
cancer was associated with worse DFS (log-rank 6.02, p = 0.014). In rectal cancer, patients
who received adjuvant chemotherapy, similar DFS was observed for stage II (log-rank 0.56,
p = 0.760) and III (log-rank 1.08, p = 0.299) disease.
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Table 3. (a) Univariable and multivariable logistic regression of factors predicting disease-free
survival in patients with colon cancer I–III. (b) Univariable and multivariable logistic regression of
factors predicting disease-free survival in patients with rectal cancer stage I–III.

(a)

Univariable Multivariable
Variable HR 95% CI p HR 95% CI p

Age (years) 1.007 0.986, 1.028 0.522 - - -
Male 0.750 0.567, 0.989 0.041 - - -

cTNM stage I–II 2.524 1.717, 3.710 <0.0001 - - -
cTNM stage III 0.396 0.270, 0.582 <0.0001 - - -

R0 resection 3.647 2.144, 6.203 <0.0001 3.681 1.640, 8.263 0.002
pN0 status 5.084 3.723, 6.942 <0.0001 3.209 1.835, 5.611 <0.0001

MSI 0.610 0.350, 1.062 0.081 - - -

(b)

Univariable Multivariable
Variable HR 95% CI p HR 95% CI p

Age (years) 0.986 0.967, 1.006 0.173 - - -
Male 0.918 0.705, 1.195 0.525 - - -

cTNM stage I–II 2.263 1.263, 1.643 <0.0001 - - -
cTNM stage III 0.399 0.287, 0.555 <0.0001 - - -

R0 resection 1.001 1.007, 1.013 0.048 1.016 1.001, 1.030 0.036
pN0 status 2.749 2.092, 3.614 <0.0001 3.187 1.660–6.121 <0.0001

MSI 0.375 0.143, 0.984 0.046 - - -

4. Discussion

The epidemiology of CRC has changed significantly over the past three decades. Many
questions exist surrounding the aetiology, molecular profile, and genetic component of
the disease, and a large volume of data specific to this patient group are lacking. This
study presents the clinicopathological features and oncological outcomes of 3378 patients
diagnosed with non-metastatic CRC aged less than 50 from all over the world. The majority
of patients were European or North American. Japan, Australia, and New Zealand were
also well represented.

In the present series, there was a modest male preponderance, most patients had
a normal BMI, and one-third had a family history of CRC. In keeping with previously
published data, the majority of tumors (70%) were located in the sigmoid colon and
rectum [4,15–17]. Why young adults are disproportionately affected by a distal colon and
rectal cancer is unclear, and deciphering the aetiology of rectal versus colon cancer will
be key to developing preventative strategies [18,19]. Importantly, tumor location guides
optimum screening methods. Flexible sigmoidoscopy should capture the majority of
EOCRCs, representing a potential screening tool with family history-based risk assessment
as an adjunct.

EOCRC is more frequently associated with adverse histopathological features and
more advanced disease at diagnosis relative to late-onset disease [10,12,20]. In this study,
the proportions of patients with lymphovascular invasion, extramural venous invasion,
perineural invasion, and node-positive disease were higher compared to those reported
in older patients [21–24]. Advanced disease stage may reflect aggressive tumor biology
and/or be due to a delay from symptom onset to diagnosis, either patient or physician
related [25,26]. The vast majority of patients were symptomatic, highlighting the impor-
tance of educational initiatives to raise awareness among young adults, primary care
physicians, and clinicians and ensure timely diagnosis and intervention.

Survival data for patients with EOCRC are conflicting. Despite advanced disease stage
and unfavorable histopathological features, some studies report equivalent oncological
outcomes, whilst others report better survival among young patients [22,27–31]. In the
present study, rectal cancer displayed a worse prognosis with 5-year DFS rates of 91%, 81%,
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and 62% for stages I, II, and III, respectively, compared to 96%, 91%, and 68% for those with
colon cancer. These survival data are comparable to those of stage-matched older patients.
Considerable heterogeneity in survival has been observed in those under 50, supporting
further age-based subgrouping in future studies [32].

Young patients are more likely to receive neoadjuvant and adjuvant therapy and
to receive multi-agent regimes at all stages compared to their older counterparts, de-
spite no significant gain in adjusted survival [12,14,33,34]. They are also more likely to
receive systemic therapy outside National Comprehensive Cancer Network treatment
guidelines [12,13,28,29]. In the present series, just over one in three patients with stage I/II
rectal cancer received neoadjuvant therapy, whilst one-third of patients with stage II colon
or rectal cancer received adjuvant chemotherapy.

The sensitivity of EOCRC to conventional chemotherapy is unclear, as young patients
account for a small proportion of clinical trials. Adjuvant chemotherapy was associated
with a modest improvement in DFS among patients with stage III colon cancer in the
present series. A larger sample size would be needed to demonstrate statistical significance.
Interestingly, worse DFS was observed in patients with stage II disease who received
adjuvant chemotherapy, suggesting the presence of unfavorable histopathological features.
Similarly, patients with stage III rectal cancer who received neoadjuvant therapy had worse
DFS than those who did not. Alternative or adjunctive oncotherapeutic strategies such as
total neoadjuvant therapy or immunotherapy may optimize survivorship [35,36].

The estimated prevalence of hereditary cancer syndromes in EOCRC ranges between
5 and 35%, compared to 2–5% of CRCs overall [6–8]. In the present study, MSI was identi-
fied as 1 in 5 patients (27% of colon cancers and 10% of rectal cancers). A hereditary cancer
syndrome was diagnosed in just over 1 in 3 patients with colon cancer and 1 in 4 with rectal
cancer, highlighting the importance of reflex genetic testing in patients with MSI EOCRC.
The therapeutic implication of MSI is the potential for immunotherapy with checkpoint
blockade, with remarkable success observed in the neoadjuvant setting [36–38].

Although genetic predisposition plays an important role in EOCRC, it must be ac-
knowledged that the majority of patients have sporadic disease [39,40]. Thus, screening
patients with a family history or known genetic predisposition will only capture a small
proportion of patients with EOCRC. Furthermore, the majority of patients are symptomatic
at diagnosis. As symptoms such as abdominal pain, rectal bleeding, etc., frequently overlap
with benign conditions, public health initiatives are needed to raise awareness and educate
both physicians and patients about the risk of CRC in young adults. Screening with flexible
sigmoidoscopy would identify the majority of patients who develop EOCRC.

Limitations of this study include the retrospective nature, data heterogeneity, and
variable treatment algorithms across the collaborative group. However, this study presents
real-world data relating to a disease that has been, until recently, relatively uncommon
in the young age group. The patients in the present study were not directly compared
to older patients, as a large volume of evidence for older patients already exists. Future
studies should focus on deciphering the optimum oncotherapeutic management of patients
with EOCRC.

5. Conclusions

In this multicenter study of 3378 patients with EOCRC, the majority had tumors
involving the sigmoid colon or rectum. Patients with rectal cancer displayed worse five-
year disease-free survival stage for stage. MSI was present in 20.0% (1 in 4 colon cancers
and 1 in 10 rectal cancers). Approximately one-third of patients with MSI tumors (colonic
and rectal) were diagnosed with a definable hereditary cancer syndrome. Public health
initiatives are important to ensure early diagnosis and optimize survivorship.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.



Cancers 2023, 15, 2979 8 of 10

Informed Consent Statement: The data presented in this study were obtained retrospectively and
so consent forms were not required. The study protocol was approved by the ethics committee of
each participating institution. Public databases were not utilized.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Acknowledgments: REACCT Collaborative. Members of the REACCT Collaborative are: Alexandra
M. Zaborowski, Ahmed Abdile. Michel Adamina, Felix Aigner, Laura d’Allens, Caterina Allmer, An-
drea Álvarez, Rocio Anula, Mihailo Andric, Sam Atallah Simon Bach, Miklosh Bala, Marie Barussaud,
Augustinas Bausys, Andrew Beggs, Felipe Bellolio, Melissa-Rose Bennett, Anton Berdinskikh, Vicki
Bevan, Sebastiano Biondo, Gabriele Bislenghi, Marc Bludau, Nelleke Brouwer, Carl Brown, Christiane
Bruns, Daniel D. Buchanan, Pamela Buchwald, Jacobus W.A. Burger, Nikita Burlov, Michela Campan-
elli, Maylis Capdepont, Michele Carvello, Hwee-Hoon Chew, Dimitri Christoforidis, David Clark,
Marta Climent, Rowan Collinson, Kyle G. Cologne, Tomas Contreras, Roland Croner, Ian R. Daniels,
Giovanni Dapri, Justin Davies, Paolo Delrio, Quentin Denost, Michael Deutsch, Andre Dias, André
D’Hoore, Evgeniy Drozdov, Daniel Duek, Malcolm Dunlop, Adam Dziki, Aleksandra Edmundson,
Sergey Efetov, Alaa El-Hussuna, Brodie Elliot, Sameh Emile, Eloy Espin, Martyn Evans, Seraina Faes,
Omar Faiz, Nuno Figueiredo, Fergal Fleming, Caterina Foppa, George Fowler, Matteo Frasson, Tim
Forgan, Frank Frizelle, Shamil Gadaev, Jose Gellona, Tamara Glyn, Barisic Goran, Emma Greenwood,
Marianne G. Guren, Stephanie Guillon, Ida Gutlic, Dieter Hahnloser, Heather Hampel, Ann Hanly,
Hirotoshi Hasegawa, Lene Hjerrild Iversen, Andrew Hill, James Hill, Jiri Hoch, Roel Hompes, Luis
Hurtado, Fabiano Iaquinandi, Ugne Imbrasaite, Rumana Islam, Mehrenah D Jafari, Andrea Jiménez
Salido, Marta Jiménez-Toscano, Yukihide Kanemitsu, Aleksei Karachun, Ahmer A. Karimuddin,
Deborah S. Keller, Justin Kelly, Rory Kennelly, Gleb Khrykov, Peter Kocian, Cherry Koh, Neils Kok,
Katrina A. Knight, Joep Knol, Christos Kontovounisios, Hartwig Korner, Zoran Krivokapic, Irmgard
Kronberger, Hidde Maarten Kroon, Marius Kryzauskas, Said Kural, Miranda Kusters, Zaher Lakkis,
Timur Lankov, David Larson, György Lázár, Kai-Yin Lee, Suk Hwan Lee, Jérémie H. Lefèvre, Anna
Lepisto, Christopher Lieu, Lynette Loi, Craig Lynch, Helene Maillou-Martinaud, Annalisa Maroli,
Sean Martin, Anna Martling, Klaus E. Matzel, Julio Mayol, Frank McDermott, Guillaume Meurette,
Monica Millan, Martin Mitteregger, Andrei Moiseenko, John RT. Monson, Stefan Morarasu, Konosuke
Moritani, Gabriela Möslein, Martino Munini, Caio Nahas, Sergio Nahas, Ionut Negoi, Anastasia
Novikova, Misael Ocares, Koji Okabayashi, Alexandra Olkina, Luis Oñate-Ocaña, Jaime Otero, Cihan
Ozen, Ugo Pace, Guilherme Pagin São Julião, Lidiia Panaiotti, Yves Panis, Demetris Papamichael,
Swati Patel, Juan Carlos Patrón Uriburu, Sze-Lin Peng, Miguel Pera, Rodrigo O. Perez, Alexei Petrov,
Frank Pfeffer, Terry P. Phang, Tomas Poskus, Heather Pringle, David Proud, Ivana Raguz, Nuno Rama,
Shahnawaz Rasheed, Manoj J. Raval, Daniela Rega, Christoph Reissfelder, Juan Carlos Reyes Meneses,
Frederic Ris, Stefan Riss, Homero Rodriguez-Zentner, Campbell S Roxburgh, Avanish Saklani, Tarik
Sammour, Deborah Saraste, Martin Schneider, Ryo Seishima, Aleksandar Sekulic, Toni Seppala,
Kieran Sheahan, Alexandra Shlomina, Guiseppe Sigismondo, Tongplaew Singnomklao, Leandro
Siragusa, Neil Smart, Alejandro Solis-Peña, Antonino Spinelli, Roxane D. Staiger, Michael J. Stamos,
Scott Steele, Ker-Kan Tan, Pieter J Tanis, Paris Tekkis, Biniam Teklay, Sabrina Tengku, Petr Tsarkov,
Matthias Turina, Alexis Ulrich, Bruna B. Vailati, Meike van Harten, Cornelis Verhoef, Satish Warrier,
Steven Wexner, Hans de Wilt, Benjamin A. Weinberg, Cameron Wells, Albert Wolthuis, Evangelos
Xynos, Nancy You, Alexander Zakharenko, Justino Zeballos, Jonathan Zhou, Des C. Winter.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Bhandari, A.; Woodhouse, M.; Gupta, S. Colorectal cancer is a leading cause of cancer incidence and mortality among adults

younger than 50 years in the USA: A SEER-based analysis with comparison to other young-onset cancers. J. Investig. Med. 2017,
65, 311–315. [CrossRef] [PubMed]

2. Vuik, F.E.; Nieuwenburg, S.A.; Bardou, M.; Lansdorp-Vogelaar, I.; Dinis-Ribeiro, M.; Bento, M.J.; Zadnik, V.; Pellisé, M.; Esteban, L.;
Kaminski, M.; et al. Increasing incidence of colorectal cancer in young adults in Europe over the last 25 years. Gut 2019, 68,
1820–1826. [CrossRef] [PubMed]

3. Chambers, A.C.; Dixon, S.W.; White, P.; Williams, A.C.; Thomas, M.G.; Messenger, D.E. Demographic trends in the incidence of
young-onset colorectal cancer: A population-based study. Br. J. Surg. 2020, 107, 595–605. [CrossRef] [PubMed]

4. Bailey, C.E.; Hu, C.Y.; You, Y.N.; Bednarski, B.K.; Rodriguez-Bigas, M.A.; Skibber, J.M.; Cantor, S.B.; Chang, G.J. Increasing
disparities in the age-related incidences of colon and rectal cancers in the United States, 1975–2010. JAMA Surg. 2015, 150, 17–22.
[CrossRef] [PubMed]

https://doi.org/10.1136/jim-2016-000229
https://www.ncbi.nlm.nih.gov/pubmed/27864324
https://doi.org/10.1136/gutjnl-2018-317592
https://www.ncbi.nlm.nih.gov/pubmed/31097539
https://doi.org/10.1002/bjs.11486
https://www.ncbi.nlm.nih.gov/pubmed/32149386
https://doi.org/10.1001/jamasurg.2014.1756
https://www.ncbi.nlm.nih.gov/pubmed/25372703


Cancers 2023, 15, 2979 9 of 10

5. Brenner, D.R.; Heer, E.; Sutherland, R.L.; Ruan, Y.; Tinmouth, J.; Heitman, S.J.; Hilsden, R.J. National Trends in Colorectal Cancer
Incidence Among Older and Younger Adults in Canada. JAMA Netw. Open 2019, 2, e198090. [CrossRef] [PubMed]

6. Pearlman, R.; Frankel, W.L.; Swanson, B.; Zhao, W.; Yilmaz, A.; Miller, K.; Bacher, J.; Bigley, C.; Nelsen, L.; Goodfellow, P.J.; et al.
Prevalence and Spectrum of Germline Cancer Susceptibility Gene Mutations Among Patients with Early-Onset Colorectal Cancer.
JAMA Oncol. 2017, 3, 464–471. [CrossRef]

7. Mork, M.E.; You, Y.N.; Ying, J.; Bannon, S.A.; Lynch, P.M.; Rodriguez-Bigas, M.A.; Vilar, E. High Prevalence of Hereditary Cancer
Syndromes in Adolescents and Young Adults with Colorectal Cancer. J. Clin. Oncol. 2015, 33, 3544–3549. [CrossRef]

8. Goel, A.; Nagasaka, T.; Spiegel, J.; Meyer, R.; Lichliter, W.E.; Boland, C.R. Low frequency of Lynch syndrome among young
patients with non-familial colorectal cancer. Clin. Gastroenterol. Hepatol. 2010, 8, 966–971. [CrossRef]

9. Hofseth, L.J.; Hebert, J.R.; Chanda, A.; Chen, H.; Love, B.L.; Pena, M.M.; Murphy, E.A.; Sajish, M.; Sheth, A.; Buckhaults, P.J.; et al.
Early-onset colorectal cancer: Initial clues and current views. Nat. Rev. Gastroenterol. Hepatol. 2020, 17, 352–364. [CrossRef]

10. O’Connell, J.B.; Maggard, M.A.; Liu, J.H.; Etzioni, D.A.; Livingston, E.H.; Ko, C.Y. Do young colon cancer patients have worse
outcomes? World J. Surg. 2004, 28, 558–562. [CrossRef]

11. You, Y.N.; Xing, Y.; Feig, B.W.; Chang, G.J.; Cormier, J.N. Young-onset colorectal cancer: Is it time to pay attention? Arch. Intern.
Med. 2012, 172, 287–289. [CrossRef]

12. Saraste, D.; Järås, J.; Martling, A. Population-based analysis of outcomes with early-age colorectal cancer. Br. J. Surg. 2020, 107,
301–309. [CrossRef]

13. Kolarich, A.; George, T.J.; Hughes, S.J.; Delitto, D.; Allegra, C.J.; Hall, W.A.; Chang, G.J.; Tan, S.A.; Shaw, C.M.; Iqbal, A. Rectal
cancer patients younger than 50 years lack a survival benefit from NCCN guideline-directed treatment for stage II and III disease.
Cancer 2018, 124, 3510–3519. [CrossRef]

14. Zaborowski, A.M.; Murphy, B.; Creavin, B.; Rogers, A.C.; Kennelly, R.; Hanly, A.; Martin, S.T.; O’Connell, P.R.; Sheahan, K.;
Winter, D.C. Clinicopathological features and oncological outcomes of patients with young-onset rectal cancer. Br. J. Surg. 2020,
107, 606–612. [CrossRef]

15. Meyer, J.E.; Narang, T.; Schnoll-Sussman, F.H.; Pochapin, M.B.; Christos, P.J.; Sherr, D.L. Increasing incidence of rectal cancer in
patients aged younger than 40 years: An analysis of the surveillance, epidemiology, and end results database. Cancer 2010, 116,
4354–4359. [CrossRef]

16. Siegel, R.L.; Miller, K.D.; Goding Sauer, A.; Fedewa, S.A.; Butterly, L.F.; Anderson, J.C.; Cercek, A.; Smith, R.A.; Jemal, A.
Colorectal cancer statistics, 2020. CA Cancer J. Clin. 2020, 70, 145–164. [CrossRef]

17. Zaborowski, A.M.; Abdile, A.; Adamina, M.; Aigner, F.; D’allens, L.; Allmer, C.; Álvarez, A.; Anula, R.; Andric, M. Characteristics
of Early-Onset vs Late-Onset Colorectal Cancer: A Review. JAMA Surg. 2021, 156, 865–874. [CrossRef]

18. Paschke, S.; Jafarov, S.; Staib, L.; Kreuser, E.-D.; Maulbecker-Armstrong, C.; Roitman, M.; Holm, T.; Harris, C.C.; Link, K.-H. Are
Colon and Rectal Cancer Two Different Tumor Entities? A Proposal to Abandon the Term Colorectal Cancer. Int. J. Mol. Sci. 2018,
19, 2577. [CrossRef]
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