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Abstract

Objective: The increasing incidence of early-onset colorectal cancer (EO-CRC) has raised the question of whether these 
tumors exhibit different molecular characteristics from late-onset colorectal cancer (LO-CRC). We aimed to compare the 
somatic genomic profiles of EO-CRC and LO-CRC.

Materials and Methods: Clinical and genomic data of patients diagnosed with colon adenocarcinoma, colorectal 
adenocarcinoma, and rectal adenocarcinoma from the AACR Project GENIE Cohort v20.0 database were retrospectively 
evaluated. Patients were divided into two groups based on age at diagnosis: early-onset (<50 years) and late-onset (≥50 
years). The groups were compared in terms of demographic characteristics, number of mutations, altered genome fraction, 
and gene mutation frequencies. Multiple-testing correction was performed using the Benjamini–Hochberg method in the 
main analysis, genes with a mutation frequency ≥5% in at least one group were focused on.

Results: A total of 23,410 samples from 22,142 patients were evaluated. TP53 (74.62% vs. 69.53%), APC (70.20% vs. 
65.82%), and TCF7L2 (14.61% vs. 12.27%) mutations were more frequent in the EO-CRC group, while BRAF (7.16% vs. 
13.55%) and RNF43 (6.98% vs. 10.80%) mutations were more frequent in the LO-CRC group (all q<0.01). Additionally, 
AXIN2, PLCG2, AMER1, MSH3, MGA, SOX9, and SPEN mutations were found to be significantly more frequent in the LO-CRC 
group.

Conclusion: There are significant differences in somatic genomic profiles between early-onset and late-onset colorectal 
cancers. The more frequent occurrence of TP53, APC, and TCF7L2 mutations in EO-CRC, and BRAF and RNF43 mutations 
in LO-CRC, suggests that the relative contribution of molecular pathways involved in colorectal carcinogenesis may differ 
according to age. However, these findings do not support the evaluation of EO-CRC as a completely separate molecular 
disease based solely on age.
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Introduction

Colorectal cancer (CRC) is the third most common 
cancer worldwide. In terms of mortality rates, it is the 
second leading cause of cancer-related deaths [1]. 
Related to the widespread use of screening programs, 
the incidence and mortality of colorectal cancer 
detected in individuals aged 50 and over have shown 

a declining trend over time [2]. However, the incidence 
of early-onset colorectal cancer (EO-CRC), defined as 
colorectal cancer diagnosed before the age of 50 years, 
has been increasing in recent decades [1-5].

The majority of EO-CRC cases originate from the 
rectum and distal colon. Cases typically present with 
an aggressive pathology, often as poorly differentiated 
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carcinoma or signet ring cell carcinoma. Patients with 
EO-CRC are usually diagnosed at an advanced stage. 
All these characteristics present challenges in clinical 
management [3,5-8].

Hereditary predisposition plays a significant role in 
the development of EO-CRC. Germline pathogenic 
variations in cancer susceptibility genes, such as Lynch 
syndrome (MLH1, MSH2, MSH6, PMS2 mutations), 
Familial Adenomatous Polyposis (FAP) [adenomatous 
polyposis coli (APC) mutations], or MUTYH mutations, 
are detected in approximately 20% to 25% of young 
colorectal cancer patients compared to older patients 
[3,4,9,10]. However, the vast majority (75-80%) of EO-
CRC cases consist of sporadic tumors that do not carry 
a hereditary predisposition [3,6].

This epidemiological and clinical divergence has raised 
the question of whether EO-CRC is a distinct entity at the 
biological and molecular level from late-onset colorectal 
cancer (LO-CRC). Furthermore, understanding the 
molecular mechanisms behind sporadic cases is critical 
for optimizing both early diagnostic detection and 
personalized treatment approaches.

The aim of this study is to investigate the differences 
in genetic variation between early-onset and late-onset 
colorectal cancers. 

Materials and Methods

AACR project GENIE

The American Association for Cancer Research (AACR) 
Project Genomics, Evidence, Neoplasia, Information, 
and Exchange (GENIE) is an international collaborative 
initiative established to facilitate the sharing of genomic 
and clinical data and support precision oncology 
research [11-13]. Data analyzed in the present study 
were obtained from the publicly available AACR Project 
GENIE cohort v20.0 through cBioPortal for Cancer 
Genomics.

AACR Project GENIE integrates routinely generated 
clinical and genomic data from participating institutions 
worldwide. Genomic testing data contributed to 
the registry are generated in Clinical Laboratory 
Improvement Amendments (CLIA)-certified and/or 
International Organization for Standardization (ISO)-
accredited laboratory environments [13]. Data sharing 

within the consortium is governed by institutional 
agreements and the Institutional Review Board (IRB) 
requirements of participating centers. Depending on 
institutional policies, authorization for data contribution 
may be based on prospective patient consent, an IRB-
approved waiver, or approval of GENIE-specific research 
protocols [13]. Data made available for research are de-
identified to protect patient confidentiality.

Statistical analyses

This study included patients diagnosed with colon 
adenocarcinoma, colorectal adenocarcinoma, and rectal 
adenocarcinoma from the AACR Project GENIE Cohort 
v20.0 database [13-15]. Demographic characteristics, 
clinicopathological findings, and genomic data of 
the patients were analyzed retrospectively. Patients 
were categorized into two groups according to age at 
diagnosis: early-onset colorectal cancer (EO-CRC), 
defined as <50 years, and late-onset colorectal cancer 
(LO-CRC), defined as ≥50 years. The groups were 
compared in terms of demographic characteristics 
and genetic mutations. The Chi-square test was used 
for categorical variables, the Kruskal-Wallis test 
for continuous variables, and the Wilcoxon test for 
comparing paired groups with abnormal distributions. 
The Benjamini-Hochberg method was applied to 
correct P-values, and consequently, false discovery 
rate-adjusted q-values were computed. Results were 
considered statistically significant when both the 
q-value and P-value were below 0.05. For clarity and to 
focus on more prevalent molecular events, genes with a 
mutation frequency of ≥5% in at least one group were 
highlighted in the main analysis.

Results

A total of 23,410 samples from 22,142 patients were 
evaluated. Data centers are shown in Table 1. A total 
of 16,667 samples from 15,858 patients belonged to 
patients aged 50 and over (LO-CRC). A total of 6,701 
samples from 6,289 patients belonged to patients 
under 50 years of age (EO-CRC).

In LO-CRC group, 9,630 (57.8%) samples were taken 
from the primary site, while 4,877 (29.3%) samples 
were taken from the metastatic site. Ninety-six (0.6%) 
patients had cell-free DNA samples. Information on 
2,064 (12.4%) samples could not be obtained. Of the 
patients with LO-CRC, 9,585 (60.4%) were Caucasian.
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In EO-CRC patients, 4244 (63.3%) samples were from 
the primary site, 1948 (29.1%) from the metastatic site. 
Twenty-two (0.3%) samples were from cell-free DNA. A 
total of 487 (7.3%) samples were of unknown origin. Of 
the patients with EO-CRC, 3898 (62%) were Caucasian.

A statistically significant difference was found in 
gender distribution between early-onset and late-
onset colorectal adenocarcinoma groups (p < 0.001; q < 
0.001). Male patients constituted the highest proportion 
in both groups, although the proportion of men was 
relatively higher in the late-onset group (Figure 1).

There was a statistically significant difference in 
mutational count distribution between the early-onset 
and late-onset colorectal cancer groups. The median 
mutational count was 8 (q1-q3:4-12) in late-onset 
patients, and the mutational count was 7 (q1-q3:4-11) in 
early-onset patients (q-value <0.001, p-value <0.001).

There was a statistically significant difference in the 
distribution of fractionally altered genome between the 

early-onset and late-onset colorectal cancer groups. 
The median fractional genome altered distribution was 
0.17 (q1-q3: 0.05-0.31) in late-onset patients and 0.16 
(q1-q3: 0.05-0.31) in early-onset patients (q-value 
<0.005, p-value <0.005).

Mutation frequency analysis revealed significant 
differences between early-onset (EO) and late-onset 
(LO) colorectal adenocarcinomas (Figure 2). Among 
statistically significant genes (q < 0.05), only those 
with a mutation frequency of ≥5% in at least one group 
were included in the main analysis. BRAF (13.55% vs. 
7.16%; q <0.01) and RNF43 (10.80% vs. 6.98%; q < 0.01) 
mutations were significantly more frequent in the LO 
group. In contrast, TP53 (74.62% vs. 69.53%; q <0.01) 
and APC (70.20% vs. 65.82%; q <0.01) mutations 
were significantly more frequent in the EO group. 
TCF7L2 mutations were also enriched in the EO group 
(14.61% vs. 12.27%; q < 0.01), whereas AXIN2, PLCG2, 
AMER1, MSH3, MGA, SOX9, and SPEN mutations were 
significantly enriched in the LO group (all q < 0.05) 
(Table 2).

Table 1. Data center.

Data center N (%)

Memorial Sloan Kettering Cancer Center 8228 (37.2%)

Dana-Farber Cancer Institute 4317 (19.5%)

Providence Health and Services Cancer Institute 2419 (10.9%)

The Herbert Irving Comprehensive Cancer Center, Columbia University 1349 (6.1%)

Johns Hopkins Sidney Kimmel Comprehensive Cancer Center 1347 (6.1%)

The University of Texas MD Anderson Cancer Center 640 (2.9%)

Vall d’Hebron Institute of Oncology 611 (2.8%)

Duke Cancer Institute, Duke University Health System 608(2.7%)

Netherlands Cancer Center, The Netherlands 485 (2.2%)

Princess Margaret Cancer Centre, University Health Network 466 (2.1%)

Vanderbilt-Ingram Cancer Center 438 (2.0%)

University of California-San Francisco (UCSF Helen Diller Family Comprehensive Cancer Center) 367 (1.7%)

Wake Forest University Health Sciences, Wake Forest Baptist Medical Center 278 (1.3%)

Yale University, Yale Cancer Center 181 (0.8%)

The University of Chicago 177 (0.8%)

Institut Gustave Roussy 98 (0.4%)

Swedish Cancer Institute. 97 (0.4%)

University of Miami - Sylvester Comprehensive Cancer Center 36 (0.2)
*Data are represented as numbers (N) and percentages (%).
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Discussion

In this study, we retrospectively demonstrated 
differences in genomic mutations between patients with 
early-onset and late-onset colorectal cancer in a large 
cohort. In our study, APC and TP53 mutations were 
more frequently observed in early-onset colorectal 
carcinoma, while BRAF and RNF43 mutations were 
more common in late-onset colorectal carcinoma. Less 
frequently, mutations such as AXIN2, PLCG2, AMER1, 
MSH3, MGA, SOX9, and SPEN were more common in 
late-onset colorectal carcinoma.

The increasing incidence of early-onset colorectal 
carcinoma in recent years and the aggressive course 
of this disease have led to increased research on this 
patient group. 

Figure 2. Gene mutations with the most significant value.
A) Blue bars represent Colorectal adenocarcinoma Late onset (LO), and (B) red bars represent. Colorectal adenocarcinoma Early onset (EO)
Data are represented as percentages (%).
*The difference between the groups was statistically significant (q < 0.05).

Figure 1. Sex distribution of patients with early-onset 
(EO) and late-onset (LO) colorectal adenocarcinoma.
Blue bars represent males (Colorectal adenocarcinoma EO, N = 
3217, 48.34%; Colorectal carcinoma LO, N =8668, 52.16%), and pink 
bars represent females (Colorectal adenocarcinoma EO, N = 2974, 
44.69%; Colorectal carcinoma LO, N =7049, 42.42%). 
A significant difference in sex distribution was observed between 
the two groups p<0.01,q<0.01
Data are represented as numbers (N) and percentages (%).

Table 2. Differentially mutated genes in early-onset and 
late-onset colorectal cancer.

Gene EO-CRC LO-CRC p-value q-value
AXIN2 226 (4.65%) 759 (6.86%) <0.01 <0.01
PLCG2 149 (4.06%) 522 (6.05%) <0.01 <0.01
AMER1 265 (6.51%) 827 (8.62%) <0.01 <0.01
MSH3 217 (6.20%) 704 (8.36%) <0.01 <0.01
MGA 269 (5.83%) 775 (7.53%) <0.01 <0.05
SOX9 593 (10.82%) 1,597 (12.78%) <0.01 <0.05
SPEN 262 (6.48%) 792 (8.29%) <0.01 <0.05

EO-CRC: Early onset colorectal carcinoma, LO-CRC: Late-onset colorectal 
carcinoma.
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TP53 mutation have an important regulatory effect 
on colorectal tumor formation, particularly during 
the adenoma-carcinoma transition. TP53 mutation 
lead to various functional changes affecting invasion, 
metastasis, apoptosis, and drug resistance [16]. TP53 
mutation is one of the most common mutations in 
patients with colorectal cancer [17,18]. Lieu et al. showed 
that TP53 alterations are more frequently observed in 
patients diagnosed with EO-CRC [19]. Li et al. showed 
that the TP53 mutation was found more frequently in 
patients with non-hypermutated colon cancer than 
in patients diagnosed with EO-CRC [6]. Lawler et al. 
reported in a meta-analysis of 149 articles that TP53 
mutation is more frequently observed in EO-CRC [20]. 
In the study by Pretta et al., which evaluated 1209 
colorectal cancer patients using Foundation One, 
it was also reported that TP53 mutation was more 
common in EO-CRC patients [21]. In our study, similar 
to the literature, TP53 mutation was found to be more 
prevalent in EO-CRC patients.

Inactivation of APC, a tumor suppressor gene, has 
been considered a significant early event in up to 
85% of sporadic colorectal cancers [22,23]. APC is 
one of the key tumor suppressor genes in colorectal 
carcinogenesis and plays a critical role in the regulation 
of the WNT signaling pathway. The central role of APC 
in both sporadic CRC and inherited syndromes such as 
FAP is well understood [10,22-25]. However, previous 
studies examining the distribution of APC mutations 
between young and elderly patients have reported 
heterogeneous results. Some studies have reported 
lower rates of APC mutations in EO-CRC, particularly 
in specific molecular subgroups, while others have 
shown similar or higher frequencies in EO-CRC [6,7,17-
19,21]. In our study we showed that APC mutations 
were significantly more frequent in the EO-CRC group. 
TCF7L2 is one of the most frequently mutated genes 
in colorectal cancer. It is a key transcriptional effector 
of the WNT signaling pathway [26]. In our study, we 
showed that TCF7L2 mutations were more frequent in 
the EO-CRC group. In the study by Li et al., TCF7L2 was 
also observed more frequently in early-onset colorectal 
cancer with a high tumor mutation burden (TMB > 15 
mutations/Mb) [6]. The higher frequency of APC and 
TCF7L2 alterations in the same age group suggests 
potential age-related differences in the contribution of 
WNT pathway alterations to colorectal carcinogenesis. 
Various studies have shown that different alterations 
in the WNT signaling pathway can be concentrated in 
different EO-CRC subgroups, depending on molecular 

characteristics such as MSI status and mutation burden 
[6,18,21,27]. 

The most common BRAF mutation is BRAFV600E. 
Literature shows that BRAFV600E mutations are found 
in approximately 5-10% of patients with colorectal 
carcinoma [28]. In our study, BRAF mutation was found 
to be significantly more frequent in LO-CRC than EO-
CRC, which is largely consistent with the literature. It is 
known that BRAF V600E mutations are more common 
in older patients with colorectal carcinoma [3,7,19,25]. 
Several studies comparing early-onset and late-onset 
CRC have also reported that BRAF mutations are less 
frequent in younger patients [6,7,17-19,29]. 

In our study, RNF43 mutations were also detected 
significantly more frequently in the LO-CRC group. 
RNF43 is one of the negative regulators of WNT 
signaling and can undergo recurrent mutations in 
colorectal tumors. Yan et al. showed a close association 
between RNF43 mutations and serrated neoplasia and 
BRAF mutations [30]. 

In this study we also found that mutations in AXIN2, 
PLCG2, AMER1, MSH3, MGA, SOX9, and SPEN were 
significantly more frequent in the LO-CRC group. While 
the clinical significance of age-related differences 
in these genes is not yet clear, some are associated 
with known molecular pathways in colorectal cancer 
pathogenesis [27,31]. AXIN2 and AMER1 are involved in 
the regulation of WNT/β-catenin signaling, while SOX9 
plays a role in intestinal epithelial differentiation and 
stem cell biology. AMER1 was previously identified as one 
of the recurrently mutated genes in colorectal cancer 
through exome sequencing studies [32-34]. MSH3 is 
involved in the DNA mismatch repair mechanism, and 
changes in this gene may be associated with certain 
genomic instability phenotypes [35]. SPEN is a gene 
involved in transcriptional regulation, and recent 
data suggest that SPEN mutations may be a potential 
biomarker associated with immunotherapy response in 
colorectal cancer [36]. Large-scale studies are needed 
to more clearly define the effects of these genes in 
patients with colorectal cancer.

In our study, male patients constituted the majority in 
both the EO-CRC and LO-CRC groups; however, the 
proportion of males was significantly higher in the LO-
CRC group. Previous studies have reported conflicting 
results regarding gender distribution in EO-CRC; some 
cohorts show a male predominance, while others 
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indicate a higher proportion of women or a correlation 
between female gender and younger age at diagnosis. 
In the study by Park et al., 52.5% of cases in the 20-49 
age range were male [8]. Siddique et al. reported that 
male gender was associated with an increased risk of 
early-onset colorectal cancer [37]. Abdel-Rahman et al. 
showed that colorectal cancer diagnosis at a younger 
age was associated with female gender [38].

In our study, the median mutational count was 
significantly lower in patients with EO-CRC than in those 
with LO-CRC. Similarly, the median fraction of genome 
altered was slightly lower in the EO-CRC group than in 
the LO-CRC group. Although these differences were 
statistically significant, their absolute magnitudes were 
modest, and their clinical relevance remains uncertain. 

This study has some limitations. Primarily, due to 
its retrospective design, there are gaps in clinical 
features such as family history, tumor stage, lymph 
node involvement, metastasis status, patient survival 
time, and treatment modalities. Furthermore, genomic 
assessments such as tumor mutational burden, mRNA 
sequencing, and miRNA analysis are not available for 
these patients. Additionally, the inclusion of both primary 
and metastatic tumor samples may have introduced 
heterogeneity into the genomic comparisons, as the 
mutational profiles of metastatic tumors may differ from 
those of primary tumors due to tumor evolution and 
treatment-related selective pressures. Furthermore, 
molecular subgroups based on microsatellite instability 
(MSI) or microsatellite stability (MSS) could not be 
adequately controlled for in the present analysis. As MSI 
status is associated with distinct genomic profiles and 
may influence the frequency of several mutations, the 
lack of stratification according to MSI/MSS status may 
have affected the observed differences between the 
EO-CRC and LO-CRC groups.

In conclusion, our study demonstrates measurable 
differences in somatic genomic profiles between EO-
CRC and LO-CRC. The higher frequency of TP53, APC, 
and TCF7L2 mutations in EO-CRC, and conversely, 
the enrichment of BRAF, RNF43, and various other 
gene alterations in LO-CRC, suggest that the relative 
contribution of molecular pathways involved in 
colorectal carcinogenesis may differ according to 
age. However, EO-CRC should not be considered a 
completely separate molecular disease based solely on 
age. These molecular differences are important in terms 

of their potential to guide future screening, prognosis, 
or personalized treatments. 
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