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Amaç: Son zamanlarda genç hastalarda kolorektal tümör insidansı artmakta olup, güncel araştırmalar bunun nedenlerini ve prognozunu belirlemeye 
yöneliktir. Bu derlemenin amacı, genç hastalarda cerrahi tedavi sonuçlarını ve tümör evrelerini analiz etmek ve bunları yaşlı bireylerle karşılaştırmaktır.
Yöntem: Bu derlemede, 2015-2020 yılları arasında tek bir kurumda kolorektal adenokarsinom ameliyatı geçiren hastaların retrospektif bir analizi 
yapıldı. Hastalar iki kategoriye ayrılarak hastalık evresine ve ameliyat sonrası sonuçlara odaklanıldı: Elli yaşından genç hastalardaki erken başlangıçlı 
kolorektal kanserler (EOCRC) ve kolorektal kanser taramasının yapıldığı yaştaki hastalarda ortaya çıkan ortalama başlangıçlı kolorektal kanserler 
(AOCRC).
Bulgular: Otuz ikisi EOCRC grubunda olmak üzere 207 hasta dahil edildi. Ortanca yaş sırasıyla 42,10 [standart  sapma (SS) =5,74] ve 65,38 (SS 
=7,19) idi. AOCRC grubunda dislipidemi daha yaygındı. EOCRC grubunda daha fazla üst rektum (%28,13’e karşı %8, p=0,001) ve transvers kolon 
(%21,88’e karşı %10,29, p=0,06) tümörleri vardı, komplikasyon oranları (%43,75’e karşı %28, p=0,07) ve yeniden operasyon oranları (18,75’e karşı 
%7,43, p=0,04) daha yüksekti. Ayrıca, majör komplikasyonlar genç hastalarda daha sıktı. EOCRC grubu önemli ölçüde daha fazla evre IV tümör ile 
ilişkili idi (%18,75’e karşı %5,13, p=0,01) ve bu hastaların %46,86’sında ameliyat sırasında ilerlemiş hastalık mevcuttu.

ÖZ

ABSTRACT

Aim: The incidence of colorectal tumors in young patients has been rising lately, and current investigations focus on the causes and prognosis in these 
patients. The objective of this publication is to analyze the results of the surgical treatment and tumor stages in young patients and compare them to 
those in older individuals.
Method: A retrospective analysis of patients undergoing surgery for colorectal adenocarcinoma during 2015-2020 in a single institution was 
performed. Patients were divided into two categories, early-onset colorectal cancer (EOCRC) (younger than 50 years old) and average-onset CRC 
(AOCRC) (those on age for CRC screening), focusing on disease stage and postoperative outcomes.
Results: Two hundred and seven patients were included: 32 in the EOCRC group and 175 in the AOCRC group. The median age was 42.10 years 
[standard deviation (SD) =5.74] and 65.38 years (SD =7.19), respectively. Dyslipidemia was more prevalent in the AOCRC group. The EOCRC group 
had more tumors in the upper rectum (28.13% vs. 8%; p=0.001) and transverse colon (21.88% vs. 10.29%; p=0.06) and higher rates of complications 
(43.75% vs. 28%; p=0.07) and reoperations (18.75 vs. 7.43%; p=0.04). Moreover, major complications were more frequent in younger patients. The 
EOCRC group had significantly more stage IV tumors (18.75% vs. 5.13%; p=0.01), and 46.86% of patients in this group had an advanced disease at 
the time of surgery.
Conclusion: Patients in the EOCRC group are diagnosed at more advanced stages and show differences in tumor location. Complications including 
the need for reoperation are more frequent in this group.
Keywords: Colorectal adenocarcinoma, early onset, screening strategies, colonoscopy, advanced stage
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Introduction
Worldwide, colorectal cancer (CRC) is the third most 
common cancer in both males and females, preceded by 
breast and lung tumors. It is also the second cause of cancer-
related deaths.1

Significant advances have been made in the early diagnosis 
of CRC due to population-based screening strategies, 
which detect potentially neoplastic polyps at an early 
stage.2 Colonoscopy is the most widely used screening 
procedure, and its implementation is associated with a 
significant reduction in CRC incidence.3,4 According to 
the current guidelines, colonoscopy is recommended for 
patients between 50 and 75 years old5 [average-onset CRC 
(AOCRC)].
However, the increase in CRC among younger patients, a 
trend formerly addressed as “early-onset CRC” (EOCRC), 
has caused a rising concern.6 Screening in patients aged 45 
to 49 years is considered a grade B recommendation by the 
US Preventive Service Task Force, although no definitive 
recommendation has been published since 2016. 
Early diagnosis and treatment of these patients remain 
challenging, as they are excluded from the screening 
strategies. Consequently, they may consult at an advanced 
stage, usually when they are overtly symptomatic. It has 
been estimated that, by 2030, in patients younger than 34 
years old, the CRC incidence rate will rise by 90% to 124%.7,8

Although some guidelines recommend early CRC screening9, 
the impact of this new tendency and the way to prevent 
tumor development in this population remain unclear.
There is a paucity of studies comparing postoperative 
outcomes between patients with EOCRC and AOCRC, 
which could be explained by the assumption that patients 
with AOCRC would have worse results due to their age. In 
this study, we sought to compare the postoperative outcomes 
and tumor stage at the time of diagnosis between patients 
with EOCRC and AOCRC.

Materials and Methods

Study Design and Population
We undertook a cross-sectional study at an academic 
hospital in Buenos Aires, Argentina. The study protocol 
was approved by our local ethics committee. The surgery 
department’s database was reviewed from January 2015 
to May 2020. Patients who underwent colorectal surgery 
were identified. We excluded patients who received surgery 

for benign colorectal tumors and malignant tumors other 
than colorectal adenocarcinoma and those diagnosed with 
colorectal adenocarcinoma beyond 75 years of age.

Data Extraction
Patients who fulfilled the inclusion criteria were further 
classified into two groups according to the age of CRC 
diagnosis: the EOCRC group included patients younger 
than 50 years, and the AOCRC group included patients 
aged between 50 and 75 years. The medical history of each 
patient was reviewed, and the following clinical comorbidity 
data were collected: hypertension, dyslipidemia, diabetes 
mellitus, smoking, chronic obstructive pulmonary disease, 
chronic kidney disease, and history of abdominal surgeries. 
The tumor’s location and stage were recorded according to the 
American Joint Committee on Cancer guidelines.10 Surgery 
charts were also reviewed, and information on whether the 
surgery was urgent was retrieved for further analysis. Urgent 
surgery was defined as any surgical procedure that had to 
be performed secondary to a critical clinical condition of 
the patient, due to acute tumor complications: intestinal 
obstruction, hemorrhage, or tumor perforation.
The laparoscopic approach, length of stay after surgery, 
and minor (Clavien-Dindo score I or II) or major (Clavien-
Dindo score IIIb or higher) postoperative complications11, 
assigned by one of the authors (AC) and confirmed by 
the surgery department’s Mortality and Morbidity Review 
Meeting, held on a weekly basis; need for reoperation; 
need for rehospitalization 30 days after discharge; 30-day 
mortality were retrieved for each patient.

Statistical Analysis
Analyses were conducted using STATA (v11.1, StataCorp, 
College Station, Texas USA). The categorical variables are 
described as percentages, whereas numerical variables are 
described as median with 25%-75% interquartile range. Chi-
square and Mann-Whitney U tests were used for comparing 
the categorical variables and continuous numerical variables, 
respectively. Odds ratio with 95% confidence intervals 
were calculated. A multivariable analysis using a logistic 
regression model was performed including all the variables 
compared with a p value less than 0.1. A p value less than 
0.05 was considered statistically significant. Our primary 
outcome variable was overall complication prevalence. 
Other variables comparing between EOCRC and AOCRC 
groups (p value <0.1) were also included in the logistic 
regression analysis.
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Sonuç: Erken başlangıçlı kolorektal kanserler hastalığın daha ileri evrelerinde teşhis edilir ve tümör yerleşiminde farklılıklar gösterir. Bu grupta tekrar 
ameliyat gereksinimi gibi komplikasyonlar daha sık görülmektedir.
Anahtar Kelimeler: Kolorektal adenokarsinom, erken başlangıç, tarama stratejileri, kolonoskopi, ileri evre
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Results
We reviewed the medical records of 545 patients who 
underwent colorectal surgery during the study period, of 
which 207 patients were included in the analysis (Figure 1).
Table 1 shows the main clinical characteristics of the 
included patients. The median age was 42.10 [standard 
deviation (SD): 5.74] in the EOCRC group and 65.38 (SD: 
7.19) in the AOCRC group. 28% (9/32) of the patients 
included in the EOCRC group were younger than 40 years. 
No differences were found regarding gender proportion in 
each group.
Moreover, symptomatic presentation varied in both groups 
(Table 2). In the EOCRC group, 6% of the patients (2/32) 
were diagnosed using screening methods, whereas 94% 
were diagnosed based on symptomatic presentations. Five 
patients (15.6%) had an acute complication, which required 
urgent surgery. However, in the AOCRC group, 36.5% of the 
patients were diagnosed using screening methods, and only 
6.8% underwent urgent surgery for acute complications.

Table 1. Patient characteristics

EOCRC (N=32)
(%, n)

AOCRC (N=175)
(%, n)

OR (CI 95%) P

Age (median, range) 42.10 (28-49) 65.38 (50-75) N/A 0.20

Gender (% male) 50 (16) 48 (84) 1.08 (0.51-2.30) 0.83

Location

Right colon 15.63 (5) 25.71 (45) 0.57 (0.20-1.57)

Hepatic flexure 3.13 (1) 5.71 (10) 0.53 (0.06-4.33)

Transverse colon 21.88 (7) 10.29 (18) 2.44 (0.92-6.51)

Splenic flexure 3.13 (1) 3.43 (6) 0.91 (0.10-7.85)

Left colon 6.25 (2) 8 (14) 0.76 (0.16-3.56)

Sigmoid colon 18.75 (6) 29.71 (52) 0.55 (0.21-1.41)

Upper rectum 28.13 (9) 8 (14) 4.50 (1.70-11.91)

Middle rectum 0 6.29 (11) N/A

Lower rectum 3.13 (1) 2.86 (5) 1.38 (0.15-12.82)

Comorbidities

Hypertension 31.25 (10) 49.14 (86) 0.47 (0.21-1.06) 0.06

Diabetes 3.13 (1) 14.86 (26) 0.18 (0.02-1.44) 0.07

Dyslipidemia 9.38 (3) 33.71 (59) 0.20 (0.05-0.71) 0.006

Smoking 40.63 (13) 41.71 (73) 0.95 (0.44-2.06) 0.91

Chronic pulmonary obstructive disease 6.25 (2) 7.43 (13) 0.83 (0.17-3.88) 0.81

Chronic kidney disease 0 (0) 1.71 (3) N/A 0.45

Neoadjuvant therapy 15.63 (5) 4.57 (8) 3.86 (1.15-12.94) 0.01

Previous abdominal surgery 46.88 (15) 56.57 (99) 0.67 (0.31-1.44) 0.31

EOCRC: Early-onset colorectal cancer, AOCRC: Average-onset colorectal cancer, OR: Odds ratio

Figure 1. Patient selection
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Overall, 6.25% of the patients (2/32) in the EOCRC cohort 
had a history of a first-degree family member with CRC. The 
two patients were diagnosed at an early stage following early 
screening colonoscopy.

Table 3 shows the comparison of the main surgical features. 
Postoperative complications were numerically more frequent 
among EOCRC patients (43.75% vs. 28%; p=0.07), with a 
significantly higher need for reintervention among these 
subjects (18.75% vs. 7.43%; p=0.04). Furthermore, most of 
these events in younger patients were major complications 
(64.29%). Six patients required reoperation for surgery-
related complications: two patients due to hemoperitoneum, 
one due to evisceration, one due to bowel obstruction, and 
two patients due to major anastomotic leaks. Three patients 
with anastomotic leakage were managed successfully with 

percutaneous drainage. In the AOCRC group, most of 
the complications were minor (62.27%), mainly urinary 
infection and postoperative ileus.

 There were no deaths in the EOCRC group within the first 
three months. In the AOCRC group, five patients (2.8%) died 
within 30 days of surgery: one had postoperative myocardial 
infarction; two had pneumonia; two had a metastatic disease 
a month after surgery.

The EOCRC group received more urgent procedures for 
complicated tumors. No differences were found regarding 
the surgical approach.

Table 4 describes the comparison of tumor stage between 
the two groups: EOCRC showed a significantly higher 
proportion of patients diagnosed with a stage IV CRC 
(18.75% vs. 5.13%; p=0.01). Moreover, 64% of patients in 

Table 2. Presenting symptoms

EOCRC (%, n/N) AOCRC (%, n/N)

Screening (n, %) 6 (2/32) 36.5 (64/175)

Nonspecific abdominal pain 18 (6/32) 13.7 (24/175)

Symptomatic anemia 15.6 (5/32) 8.5 (15/175)

Change in bowel habit 31.2 (10/32) 19.4 (34/175)

Hematochezia 3.1 (1/32) 3.6 (6/175)

Late symptoms (asthenia and weight loss) 9.3 (3/32) 11.4 (20/175)

Acute complications
(hemorrhage, bowel obstruction, and perforated tumor)

15.6 (5/32) 6.8 (12/175)

EOCRC: Early-onset colorectal cancer, AOCRC: Average-onset colorectal cancer

Table 3. Operative data

EOCRC (%, n/N) AOCRC (%, n/N) OR (CI 95%) P

Urgent procedure (ostomy) 15.63 (5/32) 6.86 (12/175) 2.51 (0.81-7.78) 0.09

Non-urgent surgery 84.38 (27/32) 85.71 (150/175) 0.90 (0.31-2.56)

Procedure

Open 28.13 (9/32) 22.86 (40/175) 1.32 (0.56-3.09) 0.55

Laparoscopic 62.50 (20/32) 67.43 (118/175) 0.80 (0.36-1.76)

Laparoscopic converted to open 9.38 (3/32) 9.71 (17/175) 0.90 (0.24-3.27)

Hospitalization (days) 6 (4-16) 5 (3-29) N/A 0.39

Complications 43.75 (14/32) 28 (49/175) 2 (0.91-4.36) 0.07

Minor complications 35.71 (5/14) 63.27 (31/49) 3.10 (0.86-11.18)

Major complications 64.29 (9/14) 36.73 (18/49) 0.32 (0.09-1.16)

Surgical site infection 12.50 (4/32) 12 (21/175) 1.04 (0.33-3.29) 0.93

Anastomotic fistula 0 (0/27) 6.13 (10/163) N/A 0.16

Reoperation rate 18.75 (6/32) 7.43 (13/175) 2.87 (1-8.34) 0.04

EOCRC: Early-onset colorectal cancer, AOCRC: Average-onset colorectal cancer, OR: Odds ratio
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the AOCRC group were operated for early-onset tumors 
(stage 0, I, or IIA of the AJCC classification), whereas 
46.86% of the EOCRC group had advanced diseases (stages 
IIB or more of the AJCC classification) at the time of the 
operation.

On multivariable analysis, the location of the tumor at 
the upper rectum and its stage were significantly different 
between patients with EOCRC and AOCRC (Table 5).

We found a higher proportion of patients with upper rectum 
tumors in the EOCRC group (28.13% vs. 8%; p=0.001). 
There were also more tumors in the transverse colon among 
these patients. We did not find significant differences in 
terms of comorbidities among the two groups, except for 
dyslipidemia, which was more frequent in the AOCRC group 
(33.71% vs. 9.38%; p=0.006). The need for neoadjuvant 
therapy was significantly higher in the EOCRC group 
(15.63% vs. 4.57%; p=0.01), which is consistent with the 
fact that this group presented with more advanced tumors.

Discussion
Despite the current efforts to understand the causes 
underlying EOCRC, most reasons for this new presentation 
remain unclear.12 Many of these patients do not show 
the traditional risk factors for CRC (e.g., smoking).13,14 
Although familial predisposition is detected in up to 25% 
of these patients, most of the tumors seem sporadic.15,16 
These findings are similar to those described in our cohort, 
where no significant differences were found related to 
comorbidities.
Irrespective of the underlying cause, this new tendency 
of CRC affecting younger individuals represents a major 
concern for the medical community, because, lately, the 
incidence of colon and rectum tumors has significantly 
decreased in older patients, whereas it has been rising in 
patients younger than 50 years old.17

This study found some interesting results related to the 
differences between the EOCRC and AOCRC groups. First, 

Table 4. Tumor stage

Stage EOCRC (%, n/N) AOCRC (%, n/N) OR (CI 95%) P

0 9.38 (3/32) 10.86 (19/175) 1.18 (0.33-4.25) 0.80

I 31.25 (10/32) 20.57 (36/175) 0.57 (0.25-1.32) 0.182

IIA 12.5 (4/32) 32.57 (57/175) 3.38 (1.11-10.27) 0.02

IIB 3.12 (1/32) 2.86 (5/175) 0.91 (0.10-8.11) 0.934

IIC 3.12 (1/32) 0 (0/175) N.A 0.02

IIIA 6.25 (2/32) 6.29 (11/175) 1.00 (0.21-4.79) 0.99

IIIB 12.5 (4/32) 14.86 (26/175) 1.22 (0.39-3.78) 0.728

IIIC 3.12 (1/32) 6.86 (12/175) 2.28 (0.28-18.34) 0.424

IVA 6.25 (2/32) 3.42 (6/175) 0.53 (0.10-2.78) 0.44

IVB 12.50 (4/32) 1.71 (3/175) 0.12 (0.02-0.60) 0.002

EOCRC: Early-onset colorectal cancer, AOCRC: Average-onset colorectal cancer, OR: Odds ratio, N/A: Not applicable, CI: Confidence interval

Table 5. Multivariable analysis

Transverse colon location 1.63 (1-8.74)

Upper rectum location 4.48 (1.55-12.93)

Neoadjuvant therapy 2.54 (0.60-10.74)

Postoperative complications 1.23 (0.43-3.48)

Reoperation rate 1.53 (0.38-6.17)

AJCC stage IIA 0.33 (0.10-1)

AJCC stage IVB 5.15 (1.02-28.39)

Hypertension 0.32 (0.09-1.02)

Type II diabetes 0.22 (0.1-1.13)

AJCC: The American Joint Committee on Cancer
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young patients have tumors predominantly in the upper 
rectum and transverse colon. Previous studies found that 
CRC was more frequent in the distal colon and rectum.18,19 
This finding led to suggesting sigmoidoscopy as a screening 
strategy for these patients. However, such a diagnostic 
method would not be useful for patients with transverse 
and right colon tumors, which, in our cohort, account for 
approximately 50% of all patients.
The proportion of young patients with EOCRC (15% of all 
patients with CRC tumors) is similar to that presented by 
other authors20, although other studies found a significantly 
lower incidence of EOCRC compared with elder patients.21

Our EOCRC group showed a higher proportion of 
postoperative complications, and consequently, a higher 
proportion of patients required reoperation. Publications 
on comparing CRC surgery-associated morbidities in 
young and older patients are scarce, and the results are 
controversial. The study by Hanna et al.22 including 15,957 
patients (10% were classified as EOCRC, which is similar to 
our group) compared the surgical results. They found that 
although young patients had a more advanced disease, this 
group had better surgical outcomes, including less short-
term complications, shorter hospital length of stay, and 
lower 30-day mortality.
Another study, including 7,538 patients, compared between 
the differences in young and elderly patients operated for 
rectal cancer.23 Although they found that young patients 
had a lower 30-day complication rate and shorter hospital 
stay, these differences lacked statistical significance on the 
multivariate analysis.
Another study including 162 patients with rectal cancer 
failed to show different postoperative outcomes between 
the two groups.24 In our study, young patients had worse 
postoperative results, which can be partially explained by 
the fact that they had more advanced tumors.
The diagnosis of advanced stage CRC among younger patients 
has already been extensively described in many papers 
addressing EOCRC.12,15,25,26 Furthermore, the American 
Cancer Society screening guidelines have suggested that 
young people are 58% more likely to get diagnosed too late. 
The American Gastroenterological Association has recently 
submitted new guidelines addressing EOCRC and the 
importance of performing diagnostic procedures in young 
patients presenting with symptoms that could suggest 
colorectal neoplasia (e.g., rectal bleeding and weight loss).27 
It has also stated the importance of handling certain aspects 
in these young patients differently than the elderly (e.g., the 
necessity of preserving fertility in young women subjected to 
neoadjuvant therapy for advanced rectal cancer). However, 
we believe that studying the symptomatic patients only 

might prove insufficient because symptoms usually appear 
when the disease is advanced, and therefore, these patients 
have a worse prognosis, with an overall five-year survival 
higher than 90% when diagnosed with localized disease, but 
less than 12% when they have distant metastases.28

Other authors have linked the impact of family history-based 
screening strategies for the early detection of EOCRC.29 
However, as previously mentioned, this will probably be of 
little help, as most tumors in this population are sporadic. In 
our study, two patients had a history of a direct relative with 
colorectal tumors, and both were diagnosed at an early stage 
of the disease.
A further study of this cohort should be focused on 
analyzing the molecular features of tumors in young 
patients. A recent publication by Willauer et al.30 found that 
tumors in patients with EOCRC seem molecularly different 
from those found in the elderly population, and even more, 
differences might be found between different age ranges in 
the younger population. Similar findings were published by 
other authors as well.31,32 Putting these tumor characteristics 
into consideration, in addition to our results regarding the 
surgery, might help us better understand the behavior of 
the disease and, consequently, find answers to the current 
questions.

Study Limitations
This study has limitations. First, it is a retrospective study, 
conducted in a single academic center. Additionally, it 
may be underpowered due to the relatively small number 
of patients with EOCRC. However, the differences 
between patients with EOCRC and AOCRC in terms of the 
distribution of the disease, tumor stages, and postoperative 
complications have not been fully described. Consequently, 
these findings are relevant and encourage further studies on 
these subjects. To our knowledge, this is the first study on 
this matter in Latin-American patients, which may show a 
distinct behavior in terms of CRC natural history.

Conclusion
In conclusion, patients with EOCRC showed some distinct 
features in terms of disease location, tumor stage, and 
postoperative complications compared with patients with 
AOCRC. Further studies on the behavior and natural history 
of CRC among young patients are needed.

Ethics 
Ethics Committee Approval: This paper was approved by 
the ethics committee of the institution, and written consent 
was provided by all patients.
Informed Consent: Obtained. 
Peer-review: Externally and internally peer reviewed.



Avellaneda et al. 
Early-Onset Colorectal Cancer180

Authorship Contributions
Surgical and Medical Practices:  N.L.A., M.S., P.O.S., 
Concept: N.L.A., M.S., P.O.S., Design: N.L.A., R.O., A.C., 
M.S., P.O.S., Data Collection or Processing: N.L.A., R.O., 
A.C., J.L., F.V., A.H., Analysis or Interpretation: N.L.A., 
R.O., A.C., J.L., F.V., A.H., Literature Search: N.L.A., J.L., 
F.V., A.H., Writing: N.L.A.
Conflict of Interest: No conflict of interest was declared by 
the authors.
Financial Disclosure: The authors declared that this study 
received no financial support.

References
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global 

cancer statistics 2018: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA Cancer J Clin 2018;68:394-
424.

2. Murphy CC, Sandler RS, Sanoff HK, Yang YC, Lund JL, Baron JA. Decrease 
in incidence of colorectal cancer among individuals 50 years or older after 
recommendations for population-based screening. Clin Gastroenterol 
Hepatol 2017;15:903-909.

3. Winawer SJ, Zauber AG, ho MN, O’brien MJ, Gottlieb LS, Sternberg SS, 
Waye JD, Schapiro M, Bond JH, Panish JF, Ackroyd F, Shike M, Kurtz RC, 
Hornsby-Lewis L, Gerdes H, Stewart ET. Prevention of colorectal cancer by 
colonoscopic polypectomy. N Engl J Med 1993;329:1977-1981. 

4. Kahi CJ, Imperiale TF, Juliar BE, Rex DK. Effect of screening colonoscopy 
on colorectal cancer incidence and mortality. Clin Gastroenterol Hepatol 
2009;7:770-775.

5. Lin JS, Piper MA, Perdue LA, Rutter CM, Webber EM, O’Connor E, Smith 
N, Whitlock EP. Screening for colorectal cancer: updated evidence report 
and systematic review for the US preventive services task force. JAMA 
2016;315:2576-2594.

6. Perea J, Alvaro E, Rodríguez Y, Gravalos C, Sánchez-Tomé E, Rivera B, 
Colina F, Carbonell P, González-Sarmiento R, Hidalgo M, Urioste M. 
Approach to early-onset colorectal cancer: Clinicopathological, familial, 
molecular and immunohistochemical characteristics. World J Gastroenterol 
2010;16:3697-3703. 

7. Bailey CE, Hu CY, You YN, Bednarski BK, Rodriguez-Bigas MA, Skibber JM, 
Cantor SB, Chang GJ. Increasing disparities in the age-related incidences 
of colon and rectal cancers in the United States, 1975-2010. JAMA Surg 
2015;150:17-22. 

8. Weinberg BA, Marshall JL, Salem ME. The growing challenge of young 
adults with colorectal cancer. Oncology (Williston Park) 2017;31:381-389.

9. Wolf AMD, Fontham ETH, Church TR, Flowers CR, Guerra CE, LaMonte 
SJ, Etzioni R, McKenna MT, Oeffinger KC, Shih Y-CT, Walter LC, Andrews 
KS, Brawley OW, Brooks D, Fedewa SA, Manassaram-Baptiste D, Siegel RL, 
Wender RC, Smith RA. Colorectal cancer screening for average-risk adults: 
2018 guideline update from the American Cancer Society. CA Cancer J 
Clin 2018;68:250-281. 

10. Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE, Brookland 
RK, Meyer L, Gress DM, Byrd DR, Winchester DP. The Eighth Edition AJCC 
Cancer Staging Manual: Continuing to build a bridge from a population-
based to a more “personalized” approach to cancer staging. CA Cancer J 
Clin 2017;67:93-99.

11. Dindo D, Demartines N, Clavien PA. Classification of surgical complications: 
a new proposal with evaluation in a cohort of 6336 patients and results of 
a survey. Ann Surg 2004;240:205-213.

12. Hofseth LJ, Hebert JR, Chanda A, Chen H, Love BL, Pena MM, Murphy 
EA, Sajish M, Sheth A, Buckhaults PJ, Berger FG. Early-onset colorectal 

cancer: initial clues and current views. Nat Rev Gastroenterol Hepatol 
2020;17:352-364.

13. Thun MJ, Calle EE, Namboodiri MM, Flanders WD, Coates RJ, Byers T, 
Boffetta P, Garfinkel L, Heath CW. Risk factors for fatal colon cancer in a 
large prospective study. J Natl Cancer Inst 1992;84:1491-1500. 

14. Ali Khan U, Fallah M, Tian Y, Sundquist K, Sundquist J, Brenner H, 
Kharazmi E. Personal history of diabetes as important as family history of 
colorectal cancer for risk of colorectal cancer: a nationwide cohort study. 
Am J Gastroenterol 2020;115:1103-1109.

15. Patel SG, Boland CR. Colorectal cancer in persons under age 50: seeking 
causes and solutions. Gastrointest Endosc Clin N Am 2020;30:441-455.

16. Pearlman R, Frankel WL, Swanson B, Zhao W, Yilmaz A, Miller K, Bacher 
J, Bigley C, Nelsen L, Goodfellow PJ, Goldberg RM, Paskett E, Shields PG, 
Freudenheim JL, Stanich PP, Lattimer I, Arnold M, Liyanarachchi S, Kalady 
M, Heald B, Greenwood C, Paquette I, Prues M, Draper DJ, Lindeman C, 
Kuebler JP, Reynolds K, Brell JM, Shaper AA, Mahesh S, Buie N, Weeman 
K, Shine K, Haut M, Edwards J, Bastola S, Wickham K, Khanduja KS, 
Zacks R, Pritchard CC, Shirts BH, Jacobson A, Allen B, De La Chapelle A, 
Hampel H. Prevalence and spectrum of germline cancer susceptibility gene 
mutations among patients with early-onset colorectal cancer. JAMA Oncol 
2017;3:464-471.

17. Fairley TL, Cardinez CJ, Martin J, Alley L, Friedman C, Edwards B, Jamison 
P. Colorectal cancer in U.S. adults younger than 50 years of age, 1998-
2001. Cancer 2006;107:1153-1161. 

18. Glover M, Mansoor E, Panhwar M, Parasa S, Cooper GS. Epidemiology of 
Colorectal Cancer in Average Risk Adults 20-39 Years of Age: A Population-
Based National Study. Dig Dis Sci 2019;64:3602-3609. 

19. Segev L, Kalady MF, Church JM. Left-sided dominance of early-onset 
colorectal cancers: A rationale for screening flexible sigmoidoscopy in the 
young. Dis Colon Rectum 2018;61:897-902. 

20. Kolligs FT. Diagnostics and epidemiology of colorectal cancer. Visc Med 
2016;32:158-164.       

21. O’Connell JB, Maggard MA, Liu JH, Etzioni DA, Livingston EH, Ko CY. 
Do young colon cancer patients have worse outcomes? World J Surg 
2004;28:558-562. 

22. Hanna K, Zeeshan M, Hamidi M, Pandit V, Omesiete P, Cruz A, Ewongwo 
A, Joseph B, Nfonsam V. Colon cancer in the young: contributing factors 
and short-term surgical outcomes. Int J Colorectal Dis 2019;34:1879-1885. 

23. Ewongwo A, Hamidi M, Alattar Z, Ayotunde OP, Tiwari HA, Elquza E, 
Scott A, Hanna K, Nfonsam V. Contributing factors and short-term 
surgical outcomes of patients with early-onset rectal cancer. Am J Surg 
2020;219:578-582 . 

24. Habib R, Burgess NG, Bourke MJ, Wong M, Wilcken N, Toh J, El-Khoury 
T, Pathma-Nathan N, Ctercteko G, Jayamohan J, Micklethwaite K, Nagrial 
A. Outcomes of young patients diagnosed with locally advanced rectal 
cancer. J Gastrointest Oncol 2021;12:592-601. 

25. Abdelsattar ZM, Wong SL, Regenbogen SE, Jomaa DM, Hardiman KM, 
Hendren S. Colorectal cancer outcomes and treatment patterns in patients 
too young for average-risk screening. Cancer 2016;122:929-934 . 

26. O’Connell JB, Maggard MA, Liu JH, Etzioni DA, Livingston EH, Ko CY. 
Rates of colon and rectal cancers are increasing in young adults. Am Surg 
2003;69:866-872.

27. Boardman LA, Vilar E, You YN, Samadder J. AGA clinical practice update 
on young adult-onset colorectal cancer diagnosis and management: expert 
review. Clin Gastroenterol Hepatol 2020;18:2415-2424.

28. Cancer Statistics Review, 1975-2015 - SEER Statistics. Last Accessed 
Date: 20.09.2020. Available from: https://seer.cancer.gov/archive/
csr/1975_2015/. 

29. Gupta S, Bharti B, Ahnen DJ, Buchanan DD, Cheng IC, Cotterchio M, 
Figueiredo JC, Gallinger SJ, Haile RW, Jenkins MA, Lindor NM, Macrae 
FA, Le Marchand L, Newcomb PA, Thibodeau SN, Win AK, Martinez 



181
Avellaneda et al. 

Early-Onset Colorectal Cancer

ME. Potential impact of family history-based screening guidelines on the 
detection of early-onset colorectal cancer. Cancer 2020;126:3013-3020.

30. Willauer AN, Liu Y, Pereira AAL, Lam M, Morris JS, Raghav KPS, Morris 
VK, Menter D, Broaddus R, Meric-Bernstam F, Hayes-Jordan A, Huh W, 
Overman MJ, Kopetz S, Loree JM. Clinical and molecular characterization 
of early-onset colorectal cancer. Cancer 2019;125:2002-2010.

31. Jiang D, Shu C, Lei C, Wan Y, Sun L. Early-onset colorectal cancer: a 
distinct entity with unique genetic features. Oncol Lett 2020;20:33.

32. Pereira AAL, Fernandes GDS, Braga GTP, Marchetti KR, Mascarenhas 
CDC, Gumz B, Crosara M, Dib L, Girardi D, Barrichello A, Seidler H. 
Differences in pathology and mutation status among colorectal cancer 
patients younger than, older than, and of screening age. Clin Colorectal 
Cancer 2020;19:e264-e271. 




