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Introduction

• Although the incidence and mortality associated with Colorectal 
cancer (CRC) has steadily decreased in individuals over the age 
of 50 over the last several decades, the incidence of CRC in those 
under the age of 50 has been on the rise.

Siegel RL et al J Natl Cancer Inst 2017;109

Data in United Sates



Introduction

• Early onset CRC (EOCRC) is a heterogeneous population 
of patients defined as colorectal cancer occurring in 
individuals under the age of 50. 

• While a substantial minority of EOCRCs is driven by clearly 
identified hereditary cancer syndromes and familial CRC, 
the majority of EOCRCs do not seem to be driven by 
these factors.
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Epidemiology

• In patients under the age of 50, EOCRC is the second 
most common cancer and the third leading cause of 
cancer-related death

• Sequential studies have shown that the incidence of 
CRC in younger patients has been on the rise for the 
last several decades. 

Bhandari A et al, J Investig Med 2017;65:311-315. 



Colon caner 
17% ↑

Rectal cancer
75%↑

O'Connell JB, et al Am Surg 2003;69:866-72.

Data from the Surveillance, Epidemiology, and End Results (SEER) database from 
1973 to 1999 showed that the incidence of colon and rectal cancer among 
individuals aged 20 to 40.



SEER data, 1992 ~ 2005 
CRC incidence trends, young non-Hispanic White adults 

(20-49 years)

Siegel RL et al Cancer Epidemiol Biomarkers Prev 2009;18:1695-8



Updated SEER data, 2000 to 2013  
Colorectal Cancer Incidence Trends by Age and Sex, United 

States

Siegel RL et al CA Cancer J Clin 2017;67:177-193.



Korea Central Cancer Registry between 1999 and 2009

Shin A et al, Cancer Res Treat. 2012 Dec;44(4):219-26. 



CRC mortality in EOCRC

• In contrast to CRC incidence, It is not entirely clear 
whether CRC-associated mortality has also 
increased in the young over the last several 
decades

Incidence ↑ VS mortality?



 Age-adjusted EOCRC mortality,  SEER data

Murphy CC  et al Gastroenterology 2017;152:1809-1812.e3

CRC-associated mortality has been relatively stable for those diagnosed 
with CRC between 1998 and 2012 (2.1/100,000 to 2.7/ 100,000).



• Based on National Cancer Database (NCDB)

(captures 70% of all incident cancers)

Mean age: 44 years

 75.2% of all colorectal cancers occurring 
between the age of 40 and 49

Male = Female (slight male predominance)

EOCRC

You YN et al,  Arch Intern Med 2012;172:287-9.



Racial disparities in EOCRC



Racial disparities in EOCRC

• Similar to CRC in older patients, multiple 
observational studies have demonstrated racial 
disparities in the diagnosis and outcomes for 
EOCRC

• The racial disparities are likely multifactorial, 
stemming from a combination of socioeconomic, 
access to care, dietary, environmental, and 
biologic factors



Trend of Age-Adjusted rate of CRC diagnosed under age 50 by 
race/ethnicity, SEER 13 Registries

AA: African American

AI/AN: American 
Indian/Alaska Native; 

NHW: Non-Hispanic 
White

A/PI: Asian/Pacific 
Islander.

 Solid lines : Annual percent change P-value < 0.05
 Dashed line : Annual percent change P-value > 0.05



Comparison of CRC demographics between NAACCR CINA Deluxe database 
1995–2009 and SEER database 1973–2009 according to major US 
racial/ethnic groups.

NHW: Non-Hispanic White, AA: African American, A/PI: Asian and Pacific Islander, 
AI/AN: American Indian and Alaska Native; 

• NAACCR: North American Association of Central cancer Registries; 
• SEER: Surveillance, Epidemiology, and End Results; 

***P < 0.0001, compared with NHW.
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Diagnosis of EOCRC

• The majority of CRCs young patients are identified due 
to signs and symptoms rather than incidentally or 
through screening



Diagnosis of EOCRC

• Single center retrospective study in US

Chen FW et al, Clin Gastroenterol Hepatol 2017;15:728-737.e3.



Diagnosis of EOCRC

• 1,025 CRC Patients with < 50 years old

 86% of patients with EOCRC 

presented with symptoms. 

Dozois Ej et al, Medicine (Baltimore) 2008;87:259-63



Symptoms of EOCRC

• Single center retrospective study in US

Chen FW et al, Clin Gastroenterol Hepatol 2017;15:728-737.e3.



• 11,000 patients diagnosed with CRC between the age of 
15~39 from 1998 to 2011

Teng A et al, , J Surg Res 2016;205:19-27.

The most common site of cancer was in the rectum 
(25.4%) with 66.6% of all the cancers being left-sided



Location of EOCRC

• Single center retrospective study in US

Chen FW et al, Clin Gastroenterol Hepatol 2017;15:728-737.e3.



• CRCs in the young also appear to have a modestly 
different type of histology than those in older patients

• Overall, mucinous and signet ring histology was seen in 
11–14% and 2–4.1% of EOCRCs, respectively, with 27.9%
of cancers being poorly differentiated or undifferentiated.

Teng A et al, J Surg Res 2016;205:19-27.
Dozois EJ et al, Medicine (Baltimore) 2008;87:259-63.

Pathologic type of EOCRC



• CRC in the young tends to present at a more advanced 
stage.

Chen FW et al, Clin Gastroenterol Hepatol 2017;15:728-737.e3.

Stage of EOCRC



Stage of EOCRC

• Single center retrospective study in US

Chen FW et al, Clin Gastroenterol Hepatol 2017;15:728-737.e3.



• Six international tertiary cancer centers
• 498 patients with CRC

Rho YS, et al  Clin Colorectal Cancer 2017;16:334-342.



Abdelsattar ZM, et al, Cncer 2016;122:929-34.

 Population-based, retrospective cohort study



Abdelsattar ZM, et al, Cncer 2016;122:929-34.

Treatment 

Survival



• Despite seemingly later stage and more 
aggressive histology at presentation, patients with 
EOCRC receive more aggressive therapy and 
achieve longer disease-specific survival

• EOCRC patients seems to have equivalent, if not 
improved outcomes. 

Survival of EOCRC
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Unrecognized Hereditary Syndromes

• EOCRC patients are more likely to present with synchronous
(5.8% vs 1.2%) and metachronous (4.0% vs 1.6%) tumors 
compared to older patients. 

• Young patients are also more likely to have a family history of 
CRC (24.9 vs 16.8%). 

Liang JT, et al Br J Surg 2003;90:205-14.

Chen FW et al, Clin Gastroenterol Hepatol 2017;15:728-737.e3.

All these features associated with hereditary colon cancer 
syndromes, particularly Lynch Syndrome(=Hereditary 
nonpolyposis colorectal cancer, HNPCC)



Unrecognized Hereditary Syndromes

• There is a concerns regarding gross under-recognition of Lynch 
Syndrome



Unrecognized Hereditary Syndromes

• Cross sectional studies indicate that hereditary syndromes 
account for a minority of cancers in young patients. 

Chen FW et al, Clin Gastroenterol Hepatol 2017;15:728-737.e3.



 450 colorectal cancer, < 50 years 

 Mismatch repair (MMR) deficiency was determined by microsatellite 
instability and/or immunohistochemistry.

 Germline DNA was tested for mutations in 25 cancer susceptibility 
genes using next-generation sequencing.

Pearlman R, et al,  JAMA Oncol 2017;3:464-471. 



Pearlman R, et al,  JAMA Oncol 2017;3:464-471. 



Pearlman R, et al,  JAMA Oncol 2017;3:464-471. 



 430 CRC, age <50 years
 Germline DNA samples were (re)sequenced using a research-

based next-generation sequencing multigene panel. 

Stoffel EM et al, Gastroenterology 2018;154:897-905.e1



25% (79/315) of patients carried a germline mutation 
associated with hereditary cancer syndromes.

Stoffel EM et al, Gastroenterology 2018;154:897-905.e1



• 193 CRC patients, diagnosis at <35 years

Mork ME et al, J Clin Oncol 2015;33:3544-9.



35% of patients with CRC under age 35 had an 
identifiable hereditary cancer syndrome

Mork ME et al, J Clin Oncol 2015;33:3544-9.

Should receive genetic counseling regardless of their family 
history and phenotype.



Unrecognized Hereditary Syndromes

• There is no evidence that hereditary syndromes are 
increasing in young age population

 Hereditary syndromes could account for the rising

incidence of CRC in the young. 



Unrecognized Familial CRC

• US population studies

• 10–15% of the having one or more first-degree 
relatives (FDRs) with CRC

• Even larger group have one or more FDRs with 
advanced colonic polyps



Unrecognized Familial CRC

• It is recommended that FDRs of patients with CRC or 
advanced polyps start screening at age 40 or 10 years 
younger than the earliest cancer/advanced polyp in the 
relative.

Rex DK et al,Gastroenterology 2017;153:307-323.
NCCN. Clinical Practice Guidelines in Colorectal Cancer Screening. Volume 2017



Rex DK et al,Gastroenterology 2017;153:307-323



NCCN. Clinical Practice Guidelines in Colorectal Cancer Screening. Volume 2017



Unrecognized Familial CRC

• Possible lack of earlier screening in patients with increased 
familiar CRC risk could contribute to the rising incidence of 
CRC in the young. 

• Since advanced adenomas are thought to occur in over 

5-10% of the screen eligible population, at least 15%–40% 

of the population has a FDR with an advanced adenoma. 

 This is the largest and least well-known group that 

should be screened at age 40.

• Regarding aforementioned hypotheses, concretely supporting 
data are currently not available.



Earlier Diagnosis Without Disease Burden Change

• Several studies have suggested that the substantial 
increase in the incidence of CRC in the young with no or 
little change in mortality is partly due to detection bias.

Siegel RL et al, Cancer Epidemiol Biomarkers Prev 2009;18:1695-8.
Siegel RL et al, CA Cancer J Clin 2017;67:177-193.

Siegel RL et al, JAMA 2017;318:572-574.
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Insurance claims data 

Overall increase in colonoscopy 
utilization in the 18 to 49-age group
 from 15.2/1000 in 2001 to 
19.7/1000 in 2009, a period when 
CRC incidence was increasing in 
the young, with the highest 
colonoscopy utilization in those 
aged 40–49

cc



• Considering that EOCRCs actually tend to present 
at later stages than those in older individuals

 It seems unlikely that the rising incidence of

EOCRC is explained by earlier diagnosis alone.

Earlier Diagnosis Without Disease Burden Change



• There has been a steady rise in sedentary lifestyles, 
diabetes mellitus, and obesity, and these risk factors 
are particularly increasing in the young

 These factors play a role in CRC risk

Lifestyle and Metabolic Risk Factors



Trends in age-adjusted prevalence of overweight and obesity categories in US adults aged 
20 to 74 y, 1960 to 2012.

Trends in age-adjusted rates of diagnosed diabetes mellitus per 100 civilian, 
noninstitutionalized population in the United States, by race, 1980–2014.31

Bhupathiraju SN et al, Circ Res 2016;118:1723-35

These risk factors are 
on the rise in the 
entire population, 
not just those under 
the age of 50. 



Contents
• Epidemiology

• Clinical and Pathologic Features

• Putative causes for the rise of Early Onset CRC

• CRC Pathogenesis and Molecular Features

• Optimal approach to reduce the EOCRCs 



Pathogenesis and Molecular Features of EOCRC

Frequency Mechanism Subgroups/ presumed pathogenesis

17~25% Mendelian inheritance 
of a germline mutation

■ Lynch Syndrome,  FAP

25 ~30% Some hereditary 
component, but no clear 
inherited gene mutation

■In patients with clear Mendelian inheritance 
pattern  driving genetic alteration may be an 
unrecognized missense, silent, intronic, or deep 
intronic mutation within a known CRC 
susceptibility gene
■Presence of a mutation in an unrecognized high
/moderate penetrance CRC susceptibility gene.

45 ~58% No clear familial 
component 
(sporadic cancers) 

■ Polygenic inheritance model
■ Common disease, common variant hypothesis
■ Effect of rare genetic variants 

EOCRCs are heterogeneous group



• Four overlapping pathways including 

 Chromosomal instability (CIN) pathway

 Microsatellite instability (MIN) pathway

 CpG island methylator phenotype (CIMP) or serrated 
pathway

 Microsatellite and chromosome stable (MACS) pathway

CRC Pathways



• 75% of all CRCs
• aneuploidy (imbalance in chromosome number) and 

loss of heterozygosity.
• Usually microsatellite stable (MSS) 
• Activation of proto-oncogenes KRAS and C-MYC
• Inactivation of tumor suppressor genes APC, p53 
• Loss of heterozygosity of TGFBR, PIK3CA mutations.

• CIN pathway accounts for most EOCRCs and is 
associated with a lower proportion of right sided 
CRCs, higher rates of advanced histologic features, 
and later stages at diagnosis

CRC Pathways
- Chromosomal instability (CIN) pathway



• 10–15% of all CRCs

• Ineffective DNA mismatch repair (MMR) resulting 
in microsatellite instability

• Higher proportion of microsatellite instability in 
EOCRC patients, most commonly attributed to a 
higher proportion of Lynch patients in the young 
onset group

CRC Pathways
- Microsatellite instability (MIN) pathway



• 30% of all CRCs

• Extensive methylation of CpG islands as a 
mechanism of silencing genes (epigenetic events)

• BRAF mutations & Hypermethylation of MLH1, 
occurs commonly

• CIMP-high tumors are typically located in the right 
colon, are poorly differentiated, and have a higher 
frequency of MSI and BRAF mutations.

• A higher rate of tumors with less extensive levels of 
CpG island methylation, termed CIMP-low tumors, 
are observed in EOCRCs

CRC Pathways
- CpG island methylator phenotype (CIMP) or serrated pathway



• Now increasing recognized

• Frequently observed in the distal colon and rectum

• Advanced histologic features, early metastasis, 
recur early.

• MACS tumors are identified more frequently in 
EOCRC patients compared to older patients.

CRC Pathways
- Microsatellite and chromosome stable (MACS) pathway
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• IBD is a disease that occurs in a relatively young 
age. 

• The risk of colorectal cancer increases in IBD 
patients with a long standing disease.

• Screening with regular colonoscopy 8–10 years 
after the symptom development

Proper Identification of Populations Who Should Be Screened 
Before Age 50 - Inflammatory bowel disease



• 15–25% of EOCRCs may be due to a hereditary 
syndrome

• Lynch syndrome is the most common type of 
hereditary colon cancer syndromes
– Autosomal dominant genetic condition 

– High risk of colon cancer (~80%), right side cancer, 
undifferentiated or mucinous tumor

– Mutation in DNA miss match repair genes (MLH1, MSH2, 
MSH6, PMS2 )

– Other organ cancer risk↑

Proper Identification of Populations Who Should Be 
Screened Before Age 50 -Hereditary Syndromes



Clinical criteria for diagnosis of hereditary nonpolyposis colorectal 
cancer (HNPCC)



Guidelines for screening affected person with hereditary nonpolyposis 
colorectal cancer (HNPCC)



• Lynch syndrome patients are considerably under-
recognized

• Screening adherence rates in known mutation 
carriers are highly variable (53–100%)

Proper Identification of Populations Who Should Be 
Screened Before Age 50 - Hereditary Syndromes



• Patients who met the Amsterdam II criteria were surveyed regarding their 
knowledge of risk-appropriate guidelines for genetic counseling and 
colonoscopy screening.

• 165 participants
• 63% had heard of genetic testing for CRC 
• Only 31% reported being advised genetic counseling by their doctor
• Only 7% had undergone genetic testing.
• Only 26% of participants reported that they thought they should have 

colonoscopy every 1–2 years
• 30% of endoscopists for these participants recommended 1–2-year 

follow-up colonoscopy.

Patel SG et al, Am J Gastroenterol 2016;111:285-93.



• Continued efforts 

to recognize these high risk families

to improve screening adherence in mutation carriers

to educate physician 

is needed.

Proper Identification of Populations Who Should Be 
Screened Before Age 50 - Hereditary Syndromes



• First-degree relative with a large or histologically advanced 
adenoma or CRC increases the lifetime risk of CRC by up to 
fourfold

• Although clinical guidelines are in consensus that these 
individuals should initiate CRC screening at age 40, 
adherence to this recommendation in the 40–49 year old 
group is low

Proper Identification of Populations Who Should Be 
Screened Before Age 50 - High Risk Family History



• Colonoscopy screening rates among the US population 
reporting a CRC family history using 2005 and 2010 National 
Health Interview Survey data.

• The colonoscopy rate among first-degree relatives aged 40 
to 49 in 2010 (38.3%) was about half that of first-degree 
relatives aged 50 or older (69.7%).

Tsai MH et al, Prev Chronic Dis 2015;12:E80.



• Screening rates for those with a FDR who has had an 
advanced adenoma are even lower. 

• Improving identification of and screening in this 
population is an immediate step to reduce CRC 
incidence in the young.

Proper Identification of Populations Who Should Be 
Screened Before Age 50 - High Risk Family History



• Another immediate opportunity to address EOCRC is the 
earliest possible diagnosis in symptomatic patients. 

• Bleeding, abdominal pain, anemia, and change in bowel 
habits are the most commonly reported symptoms of CRC
– Many of these symptoms are commonly caused by other 

benign disorders (rectal bleeding from hemorrhoids, 
abdominal pain from irritable bowel syndrome)

– CRC is often not high in the differential diagnosis in young 
patients, and this can lead to serious diagnostic delay. 

Avoiding diagnostic delays



Median time from symptom onset to treatment for rectal cancer in 
those under the age of 50 was 217 days, whereas for those over the age 
of 50, it was 29.5 days

Scott RB et al, Am J Surg 2016;211:1014-8.

Case control study



• 145 patients (> 40 years) presenting with rectal bleeding

• Primary care providers predicted an anal source (hemorrhoids or 
fissure) in 63 patients based on their history and physical 
examination

• 17.5% (11/63) of patients had a more proximal rectal or colonic 
source on lower endoscopy.

Goulston KJ et al, Lancet 1986;2:261-5.



 ASGE recommends endoscopic evaluation for all patients 
presenting with bleeding symptoms.

 A decision between a flexible sigmoidoscopy and a full 
colonoscopy can be determined based on additional symptoms 
or risk factors, patient preferences, and cost/access issues.

Pasha SF et al, Gastrointest Endosc 2014;79:875-85.



• Prediction model for advanced colorectal neoplasm using 
clinical/serological data may be helpful selecting subject 
who may get benefit by early endoscopic surveillance.

Prediction model for early 
surveillance



2781 asymptomatic subjects aged 40–49 years

AUROC    0.74 0.72
Park et al. BMC Gastroenterology (2017) 17:7



Summary & Conclusions

 CRC incidence is rising in those under the age of 50 and increasingly 
appears to have a distinct clinical, pathologic, and molecular 
presentation compared to CRC diagnosed in older persons. 

 The majority of EOCRCs are sporadic without clear risk factors that 
would have made the patient eligible for earlier screening. 

 The underlying molecular mechanisms of EOCRC are seems 
heterogeneous and not yet fully elucidated. 

 Continued efforts to identify those at hereditary or familial risk and 
ensure they are screened appropriately will be important to decreasing 
the incidence of EOCRC. 

 Ensuring patients with symptoms are promptly evaluated is crucial to 
avoid diagnostic delay.
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