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Abstract

Background: Identifying the risk factors for distant metastasis in early-onset
colorectal cancer (EOCRC) is crucial for elucidating its etiology and facilitating
preventive treatment. This study aims to characterize the variability in EOCRC
incidence and discern both heterogeneous and homogeneous risk factors associ-
ated with synchronous liver, lung, and hepato-lung metastases.

Methods: This study included patients with EOCRC enrolled in the SEER data-
base between 2010 and 2015 and divided patients into three groups by synchronous
liver, lung, and hepato-lung metastases. Each group of patients with different me-
tastasis types was randomly assigned to the development and validation cohort
in a ratio of 7:3. Logistic regression was used to analyze the heterogeneous and
homogenous risk factors for synchronous liver, lung, and hepato-lung metastases
in the development cohort of patients. Nomograms were built to calculate the risk
of metastasis, and the receiver operating characteristic (ROC) curve and calibra-
tion curve were used to quantitatively evaluate their performance.

Results: A total of 16,336 eligible patients with EOCRC were included in this
study, of which 17.90% (2924/16,336) had distant metastases. The overall inci-
dences of synchronous liver, lung, and hepato-lung metastases were 11.90%
(1921/16,146), 2.42% (390/16,126), and 1.50% (241/16,108), respectively. Positive
CEA values before treatment, increased lymphatic metastases, and deeper inva-
sion of intestinal wall were positively correlated with three distant types of me-
tastases. On the contrary, the correlation of age, ethnicity, location of primary
tumor, and histologic grade among the three types was inconsistent. The ROC
curve and calibration curve proved to have fine performance in predicting distant
metastases of EOCRC.

Conclusions: There are significant differences in the incidence of distant me-

tastases in EOCRC, and related risk factors are heterogeneous and homogenous.
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Although limited risk factors were incorporated in this study, the established

YIMIN ET AL.
nomograms indicated good predictive performance.
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1 | INTRODUCTION

Colorectal cancer (CRC) is the third most common
cancer and the second leading cause of cancer-related
deaths worldwide.! In the past few decades, there has
been a significant increase in cases of early-onset col-
orectal cancer (EOCRC) in the United States and other
high-income countries. EOCRC is defined as occur-
ring in patients younger than 50years old.>* This trend
sharply contrasts with the steady decline in incidence
and related deaths from late-onset CRC in the past two
decades in America and other high-income countries.*
The decrease in late-onset CRC incidence and related
mortality is primarily attributed to screening, fol-
lowed by surveillance and treatment.” The incidence of
EOCRC has increased by 45% in the past 30 years, with
a 1.3% increase in mortality each year since 2008. The
US Preventive Services Task Force and the American
Cancer Society have recommended lowering the screen-
ing initiation age to 45 years. However, patients younger
than 50years old are more likely to be uninsured and
have lower compliance with screening, even if they have
a family history of CRC.” Additionally, half of EOCRC
patients are younger than 45 years old and therefore may
not participate in screening. The increase in EOCRC has
been accompanied by a decrease in late-onset CRC, with
the median age at diagnosis dropping from 72years in
the early 21st century to 66 years currently." According
to estimates, in the next 10 years, 10%-12% of colon can-
cer and 25% of rectal cancer will be diagnosed in indi-
viduals under the age of 50.

Tumor metastasis is the main cause of poor prog-
nosis in CRC patients. Previous studies have indicated
that patients with metastatic CRC have a 5-year sur-
vival rate of only 6%, while the 5-year survival rate for
patients with localized CRC is 90%.° Early-onset col-
orectal cancer patients are more likely to experience
delayed diagnosis and lack awareness of warning signs
and symptoms compared to older patients. Younger
CRC patients are more often diagnosed at advanced
stages, which is associated with increased mortality.”®
The most common metastatic organ of colorectal cancer
is the liver, followed by the lung.’ Advances in the treat-
ment of metastatic disease in recent decades, includ-
ing improvements in surgical techniques, development

of targeted therapies, and progress in liver metastasis
treatment, have significantly improved the survival of
patients with distant metastases. Early detection of dis-
tant metastasis is crucial for optimizing management
and treatment, improving quality of life, and increasing
the 5-year relative survival rate for patients with first-
time diagnosed colorectal cancer. This holds significant
clinical significance.

Imaging examinations, such as computed tomogra-
phy (CT), positron emission tomography/CT (PET/CT),
magnetic resonance imaging (MRI), and laboratory tests
including serum tumor markers hold significant diag-
nostic value for detecting metastasis in CRC patients.
CT serves as the primary imaging modality for evaluat-
ing distant metastasis in CRC patients. However, its sen-
sitivity for detecting colorectal liver metastases >1 cm in
diameter is only 65%.'° Despite advancements in various
auxiliary examinations that have improved the prognosis
of colorectal cancer patients, there remains a significant
number of cases where distant metastasis is detected
late. Therefore, identifying independent risk factors
for distant metastasis in patients with colorectal cancer
can lead to the early identification of high-risk individ-
uals. Most previous studies have primarily focused on
identifying risk factors for distant metastasis in patients
with colorectal cancer across all age groups, while less
attention has been given to investigating the risk factors
and prognostic variables specific to EOCRC patients,
particularly those associated with heterogeneous and
homogeneous types of distant metastasis.'’ The progno-
sis of CRC patients varies based on diverse clinical and
pathological factors, particularly in individuals present-
ing with distant metastasis. However, there is currently
a relative lack of research on the incidence of synchro-
nous liver metastases, lung metastases, and hepato-lung
metastases in EOCRC, and the results of these studies
remain controversial.'>'* Overall, there have been few
systematic studies investigating the heterogeneity and
homogeneity of risk factors for synchronous liver me-
tastases, lung metastases, and hepato-lung metastases
in EOCRC patients and establishing risk prediction
models based on this information. This means that the
disparity and probability of organ-specific metastases
cannot be evaluated in EOCRC patients. Nomogram is
a convenient, intuitive, and visual risk prediction tool
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that quantifies risk by integrating and validating several
independent risk factors and have shown unique advan-
tages in multiple studies.'**3

Therefore, in this study, a large cohort study utilizing
data from the Surveillance, Epidemiology, and End Results
(SEER) database is used to characterize the incidence and
risk factor differences for synchronous liver, lung, and
hepato-lung metastases in EOCRC patients. Nomograms
are developed to assist clinicians in predicting the risk of
different distant organ metastases. Early identification of
metastasis risk factors can help in developing appropriate
medical strategies for EOCRC patients and providing tar-
geted treatment.

2 | METHODS

2.1 | Population

The data used for population-based research came from
the SEER database, which is an open public database of
the National Cancer Institute (NCI). This study selected
patients with EOCRC registered in the SEER database
from 2010 to 2015. The database includes demographic
and pathological characteristics of patients, as well as
information on distant metastasis included at the time
of the first diagnosis of colorectal cancer, indicating
that all distant metastasis cases were synchronous.
This study included patients diagnosed with EOCRC
between 2010 and 2015, as well as patients with syn-
chronous liver, lung, and hepato-lung metastases. Cases
diagnosed at autopsy or via death certificates, with the
age of < 18 or >50, pathologically diagnosed as in situ
carcinoma or non-pathological diagnosis, or with an un-
known location of primary tumor were not included in
subsequent analyses. Patients without information on
distant metastases were also excluded. The final study
sample included three groups, namely the liver me-
tastases group (N=16,146), the lung metastases group
(N=16,126), and the hepato-lung metastases group
(N=16,108). Each group of patients was randomly di-
vided into a development cohort and a validation cohort
in a ratio of 7:3. The number of cases in each group after
allocation was as follows: liver metastases group (devel-
opment cohort: N=11,302; validation cohort: N=4844),
lung metastases group (development cohort: N=11,288;
validation cohort: N=4838), and hepato-lung metasta-
ses group (development cohort: N=11,276; validation
cohort: N=4832). The development cohort was used to
determine independent risk factors and build models,
while the validation cohort was used for internal vali-
dation of the models. A case list was generated using
SEER*Stat version 8.4.1.

2.2 | Statistical analysis

Categorical data were presented as numbers and per-
centages (N, %), and quantitative data were presented
as means +standard deviations (SD). Chi-square tests
were used for comparisons of categorical variables.
Univariate and multivariate logistic regression models
were applied to identify the risk factors related to distant
metastasis of EOCRC. Factors with statistically signifi-
cant differences in the univariate analysis were included
in the multivariate analysis. According to the results of
multivariate logistic analysis, the intersection of inde-
pendent risk factors for different types of metastases was
identified to assess heterogeneity or homogeneity, and
Venn diagrams were used for visualization. We devel-
oped predictive diagrams for synchronous liver, lung,
and hepato-lung metastases in EOCRC. The calibration
curves (with 1000 bootstrap samples), receiver operat-
ing characteristic (ROC) curves, and the area under
the curves (AUC) were used to evaluate the predictive
efficacy of the nomograms. Statistical analyses were
conducted using GraphPad Prism version 9.0 and SPSS
version 26.0. The statistical significance level was set at
a two-tailed p-value of less than 0.05. Venn diagrams
were generated using Figdraw. The “rms” and “pROC”
packages in R version 4.2.1 were used to draw the nomo-
grams and ROC curves, respectively.

3 | RESULTS
3.1 | Clinical and demographic
characteristics

A total of 16,363 eligible patients diagnosed with EOCRC
between 2010 and 2015 were extracted from the database.
The study excluded patients with unknown information
regarding distant metastases, resulting in a final sample
of 16,336 patients with or without distant metastases.
Among these patients, 1921 had liver metastasis only, 390
had lung metastases only, and 241 had both liver and lung
metastasis (Figure 1). The average age of the patients was
41.72+6.79years (range 18-49). 51.23% (N=28369) were
male, and 54.9% (N=8973) were married. The majority
of patients were white (73.9%, N=12,073). The rectum
(28.05%, N=4583) was the most common site of EOCRC.
The most prevalent histological type observed was adeno-
carcinoma, accounting for 60.13% (N =9823), followed by
mucinous adenocarcinoma at 7.24% (N=1182). The ma-
jority of EOCRC patients were classified as pT3 (48.73%,
N=7961) and pNO (50.29%, N=8216). 60.54% of patients
(N=9890) were classified as grade II: moderately differen-
tiated (Table 1).
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Cases of colorectal cancer initially
diagnosis from 2010 to 2015
(N=213690)

Excluded Age <18 and 250 years

(N=189886)

Age 18-49 years
(N=23804)

No diagnosis by

A

pathological diagnosis
(N=283)

Diagnosis by pathological diagnosis
(N=23521)

Excluded diagnosed at autopsy
orvia death certificate

(N=3858)

Alive follow up
(N=19663)

Excluded for not the first primary
> tumor and tumor size = 0

(N=3151)

Alive follow up
(N=16812)

Excluded for pT = Tis

Y

(N=449)

Alive follow up
(N=16363)

Exculded distant metastases
is unknown
(N=27)

Exculded liver metastases
is unknown
(N=217)

Exculded lung metastases Exculded liver and lung metastases
is unknown is unknown
(N=237) (N=255)

A 4

A

A

Pantients with/without distant
metastases
(N=16336)

Pantients with/without liver
metastases
(N=16146)

Pantients with/without lung Pantients with/without liver and
metastases lung metastases
(N=16126) (N=16108)

A 4

Patients with liver and

Patients with liver
metastases

Patients with distant
metastases

(N=2924)

(N=1921)

Patients with lung
metastases
(N=390)

lung metastases

(N=

241)

The data were randomly divided into the development cohort and the validation cohort by 7:3

FIGURE 1 Flowchart of EOCRC patient selection.

3.2 | Incidence of synchronous distant
metastasis in EOCRC

The proportion of patients with distant metastasis in
EOCRC was 17.90% (2924/16,336), with liver metastases,
lung metastases, and hepato-lung metastases occurring
in 11.90% (1921/16,146), 2.42% (390/16126), and 1.50%
(241/16,108) of cases, respectively. These differences were
statistically significant (p<0.001; y*=2140.96). The in-
cidence of distant metastasis clearly increased with age,
with the highest incidence observed in patients aged
40-49 (70.67%, N=11,545). The incidence of distant me-
tastasis varied by sex and location of EOCRC. The overall
incidence of distant metastasis was lower in females com-
pared to males (8.83% vs. 9.07%). The highest incidence of
liver metastasis was observed in the sigmoid colon (3.49%),
followed by the rectum (1.93%) and the rectosigmoid junc-
tion (1.36%). The highest incidence of lung metastases

was observed in the sigmoid colon (0.63%). Among differ-
ent sites and types of metastases in EOCRC, the sigmoid
colon had the highest incidence, followed by the rectum
and the rectosigmoid junction, with the appendix cancer
having the lowest incidence. The incidence of right colon
cancer was higher than that of left colon cancer (4.68% vs.
3.44%, 0.84% vs. 0.57%, and 0.52% vs. 0.40%). In general,
the incidence of liver metastasis was highest in EOCRC,
but varied by site of occurrence (Figure B).

3.3 | Risk factors for synchronous distant
metastasis in EOCRC

Univariate analysis revealed that age, ethnicity, sex, mari-
tal status, location of primary tumor, histological grade,
AJCC pT stage, histological type, lymph node metastases
(AJCC pN stage), positive CEA value before treatment,
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FIGURE 2 The distribution and trend of distant metastases in EOCRC patients. Classified by different distant metastases by different

tumor location.

and primary tumor size were all associated with distant
metastasis. The multivariate logistic regression analysis
revealed a positive association between the occurrence
of distant metastases and several factors, including older
age, location in the right/left colon, poor histological
grade, mucinous adenocarcinoma, AJCC pT stage, lymph
node metastasis, and positive CEA value before treat-
ment (Table 2). Risk factors for specific organ metastasis
in EOCRC showed both heterogeneity and homogeneity.
AJCC pT stage, lymph node metastasis, and positive CEA
value before treatment exhibited a positive correlation
with the occurrence of different distant metastasis types
in EOCRC patients. Older age, left/right colon, and poor
histological differentiation were positively associated with
liver metastasis. Poor histological differentiation, Asian-
Pacific Islander (API), and African American exhibited a
positive correlation with the occurrence of lung metasta-
ses. Furthermore, the presence of hepato-lung metastases
demonstrated a positive association with older age, left
colon location, and African American (Figure 3). The risk
factors for metastasis at different sites are presented in
Tables S1-S3.

3.4 | Nomograms for predicting
specific organ distant metastasis in EOCRC

Three nomograms were developed using the development
cohort, incorporating statistically significant variables,
to accurately predict the likelihood of synchronous liver,
lung, and hepato-lung metastases in patients with EOCRC
(Figures 4A-C). The calibration curves exhibited excel-
lent concordance between the predicted and observed
probabilities. The ROC curves showed good predictive
performance for all three metastases. In the development
cohort, the nomogram AUCs for liver, lung, and hepato-
lung metastases were 81.8% (95% CI, 80.7%-82.9%), 80.2%

(95% CI, 78.0%-82.4%), and 83.1% (95% CI, 80.6%-85.6%),
with optimal thresholds of 0.818 (sensitivity 70.6%,
specificity 78.7%), 0.036 (sensitivity 67.2%, specificity
80.6%), and 0.003 (sensitivity 69.1%, specificity 85.8%),
respectively (Figure 5A-F). In the validation cohort, the
nomogram AUCs for liver, lung, and hepato-lung metas-
tases were 77.3% (95% CI, 75.5%-79.0%), 71.9% (95% CI,
67.9%-75.9%), and 73.7% (95% CI, 68.4%-79.2%), with
optimal thresholds of 0.105 (sensitivity 61.2%, specificity
82.6%), 0.023 (sensitivity 54.5%, specificity 82.1%), and
0.015 (sensitivity 66.0%, specificity 72.2%), respectively
(Figure 6A-F).

4 | DISCUSSION
Previous studies have reported an approximate incidence
of distant metastasis in EOCRC at 19.9%.” However, lim-
ited research exists on the concurrent occurrence of liver
metastases, lung metastases, and hepato-lung metastases
in EOCRC. Inconsistencies in results regarding the same
metastatic site may arise due to variations in sample sizes
across studies. To our knowledge, this study represents
the largest investigation into the incidence of simultane-
ous liver metastases, lung metastases, and hepato-lung
metastases in EOCRC. Our findings indicate that the liver
is the most frequently affected organ for metastasis among
EOCRC patients. Notably, there are significant differences
in clinical and pathological factors between liver, lung,
and hepato-lung metastases in EOCRC. Therefore, it is
imperative to identify independent risk factors for distant
organ-specific metastasis.'® The identification of such risk
factors can facilitate personalized treatment strategies and
improve prognosis while also being cost-effective.'”
Previous studies have demonstrated that distinct his-
tological subtypes of the same tumor exhibit varying
rates of metastasis in different organs.'®" The disparate
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TABLE 2 Univariate and multivariate logistic regression for analyzing the demographic and associated clinical characteristics for
developing distant metastases in EOCRC (diagnosed 2010-2015).

Subject characteristics Univariate Multivariate
OR (95% CI) p Value OR (95% CI) p Value
Age
18-29 1 (reference) 1 1 (reference) 1
30-39 1.46 1.21-1.77 <0.001 1.15 0.92-1.44 0.228
40-49 1.50 1.26-1.79 <0.001 1.31 1.06-1.61 0.012
Sex
Female 1 (reference) 1 - - -
Male 0.97 0.9-1.05 0.488 = = =
Ethnicity
White 1 (reference) 1 1 (reference) 1
African American 1.13 1.01-1.27 0.037 1.02 0.89-1.17 0.792
API 1.09 0.95-1.24 0.218 0.95 0.81-1.10 0.472
Unknown 0.70 0.51-0.95 0.021 0.87 0.61-1.24 0.434
Marital status
Married 1 (reference) 1 1 (reference) 1
Unmarried 1.11 1.02-1.2 0.018 1.00 0.9-1.1 0.924
Unknown 0.68 0.56-0.83 <0.001 0.86 0.69-1.07 0.181

Location of primary tumor

Rectum 1 (reference) 1 1 (reference) 1

Left Colon 2.62 2.33-2.95 <0.001 2.09 1.82-2.39 <0.001

Right Colon 2.54 2.25-2.88 <0.001 1.78 1.54-2.06 <0.001

Unknown 2.15 1.88-2.45 <0.001 2.30 1.97-2.68 <0.001
Histologic Grade

Well differentiated: Grade I 1 (reference) 1 1 (reference) 1

Moderately differentiated: Grade II ~ 2.54 2.15-3.01 <0.001 1.27 1.04-1.54 0.018

Poorly differentiated: Grade III 5.31 4.42-6.37 <0.001 1.62 1.3-2.01 <0.001

Undifferentiated: Grade IV 6.02 4.72-7.69 <0.001 1.84 1.38-2.45 <0.001

Unknown 1.57 1.26-1.96 <0.001 1.31 1.01-1.69 0.039
Histologic type

Adenocarcinoma 1 (reference) 1 1 (reference) 1

Mucious adenocarcinoma 1.53 1.34-1.75 <0.001 1.31 1.12-1.54 0.001

Signet ring cell carcinoma 2.66 2.07-3.42 <0.001 1.26 0.93-1.69 0.133

Adenocarcinoma in adenomatous 0.35 0.28-0.44 <0.001 0.77 0.6-1 0.047

polyp

Unknown 0.34 0.3-0.39 <0.001 0.82 0.7-0.95 0.009
pT stage

pT1 1 (reference) 1 1 (reference) 1

pT2 1.93 1.41-2.64 <0.001 1.25 0.9-1.75 0.188

pT3 8.02 6.38-10.07 <0.001 2.76 2.13-3.58 <0.001

pT4 27.87 22.09-35.15 <0.001 7.53 5.78-9.81 <0.001

Unknown 7.84 5.77-10.65 <0.001 4.38 3.06-6.26 <0.001

Lymphatic metastasis
pNO 1 (reference) 1 1 (reference) 1
pN1 3.82 3.43-4.26 <0.001 2.64 2.33-2.98 <0.001
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TABLE 2 (Continued)
Subject characteristics Univariate Multivariate
OR (95% CI) p Value OR (95% CI) p Value
pN2 8.48 7.59-9.48 <0.001 4.41 3.88-5.02 <0.001
Unknown 4.48 3.36-5.99 <0.001 2.76 1.91-3.98 <0.001
Tumor size
<5cm 1 (reference) 1 1 (reference) 1
>5cm 1.95 1.79-2.12 <0.001 0.98 0.88-1.08 0.663
Unknown 1.20 1.05-1.37 0.003 1.67 1.4-1.98 <0.001
CEA before treatment
Negative 1 (reference) 1 1 (reference) 1
Positive 5.78 5.18-6.46 <0.001 4.62 4.1-5.21 <0.001
Unknown 1.19 1.06-1.34 <0.001 ¢ 1.32-1.7 <0.001

Abbreviations: API, Asian or Pacific Islander; CEA, carcinoembryonic antigen; Unmarried, Includes single, separated, widowed, and divorced.

Liver
Older age

Right and left
colon

Poor histological

differentiation Higher pT stage

More lymphatic
metastases

Positive CEA value
before treatment

African American

Left colon Older age

Liver and
Lung

incidences of liver, lung, and hepato-lung metastases ob-
served may partially reflect the heterogeneity and homo-
geneity of distant metastasis in EOCRC. This study reveals
both heterogeneity and homogeneity among factors asso-
ciated with distant metastasis at different sites in EOCRC.
The three types of metastases (liver, lung, and hepato-lung
metastases) were positively correlated with lymph node
metastases, AJCC pT stage, and positive CEA value before
treatment. However, the heterogeneity risk factors found
in this study are not completely consistent with previous

FIGURE 3 Heterogeneous and
homogenous related risk factors of
different types of distant metastases in
patients with EOCRC. Risk factors of
more lymphatic metastases, positive
CEA value before treatment and higher
AJCC pT stage were homogenous related
risk factors for the three types of distant
metastases. The risk factors listed in non-
intersections show the specific factors
related to each type of distant metastases.

research results. For example, we found that age 40-49,
right/left colon location, and histological grade were asso-
ciated with liver metastases. API and African American,
as well as histological grade, were associated with lung
metastases. We found that age 40-49, left colon location,
and African American, were associated with hepato-lung
metastases in EOCRC, which is different from the hetero-
geneity and homogeneity risk factors for distant metasta-
ses of CRC in previous studies.”” The heterogeneity of risk
factors observed in our study may be partially attributed to
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FIGURE 4 Nomograms for predicting synchronous liver metastasis (A), lung metastasis (B), hepato-lung metastases (C) in EOCRC
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FIGURE 5 The calibration curves and ROC curves for evaluating the calibration and discrimination of the nomograms of development

cohort in predicting synchronous liver metastasis (A, D), lung metastasis (B, E), and hepato-lung metastases (C, F).

variations in sample size, as we included a larger cohort
of 16,336 EOCRC patients compared to previous studies.
To the best of our knowledge, this is the first study to elu-
cidate organ-specific heterogeneity risk factors associated

with distant metastasis in EOCRC. These findings have po-
tential implications for early detection, personalized treat-
ment strategies, and long-term prognosis improvement
among EOCRC patients.
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FIGURE 6 The calibration curve and ROC curve for evaluating the calibration and discrimination of the nomograms of validation
cohort in predicting synchronous liver metastasis (A, D), lung metastasis (B, E), and hepato-lung metastases (C, F).

The pathophysiological and molecular biological
mechanisms underlying the deeper risk factors for liver
metastasis, lung metastasis, or other organ metasta-
ses in EOCRC remain elusive. For instance, our study
findings suggest that distinct tumor locations exhibit

variations in distant metastases within EOCRC.?*?

In this investigation, the sigmoid colon exhibited the
largest number of patients with distant metastases, fol-
lowed by the rectum, cecum, rectosigmoid junction, as-
cending colon, appendix, descending colon, transverse
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colon, splenic flexure, and hepatic flexure. The risk of
liver metastases was found to be higher in the right
colon compared to the left colon and rectum in this
study. This finding is different from previous studies
on distant metastases of CRC at all ages, where the left
colon is more likely to metastasize to the liver.”™*> A
previous study elucidated the underlying molecular
mechanisms distinguishing tumor locations in CRC,
revealing that patients with right-sided primary met-
astatic disease exhibit a higher mutation burden and
enrichment of multiple mutation sites.”® In contrast,
left-sided tumors display distinct characteristics in-
cluding (1) amplification enrichment in receptor tyro-
sine kinase signaling genes; (2) absence of mutations
or copy number variations in cell division-associated
genes; (3) mutations in APC, NRAS, and TP53 genes;
and (4) potential susceptibility to fluctuations in the
gut microbiome.?” These findings suggest that patients
with left-sided and right-sided colorectal cancer possess
unique molecular pathways contributing to metastasis.
A higher proportion of EOCRC appears to have a hered-
itary component compared to CRC in older patients.
In a study examining stable microsatellite DNA in
EOCRC, the proportion of microsatellite and chromo-
some stable (MACS) was significantly higher compared
to late-onset CRC (64% vs. 13%, p= 0.005).” In another
study, the miR-31-5p/Dystrophin (DMD) axis was iden-
tified as a specific key regulatory pathway, and DMD
expression showed close associations with TNM stage
and lymph node metastasis.*® However, there are few
reports on the molecular mechanisms of metastasis in
different tumor locations in EOCRC, and further explo-
ration is needed.?*?! Although studies have indicated
differences in distant metastases in EOCRC based on
the primary tumor location, the reasons for these dif-
ferences are still unclear. In addition to the primary
tumor location, other factors such as demographic fac-
tors and clinical pathological factors also show signifi-
cant differences in the occurrence and development of
colorectal cancer. The pathological, physiological, and
molecular biological differences in the development of
distant metastasis in different risk factors of EOCRC
also need to be further explored in the future.

This study summarized the heterogeneity and ho-
mogeneity risk factors for distant metastasis in EOCRC,
which have not been comprehensively studied in previous
studies. The aforementioned factors of homogeneity and
heterogeneity may contribute to the monitoring of various
distant metastases in patients with EOCRC. To assist clini-
cians in identifying high-risk patients with EOCRC, three
prediction nomograms were developed based on risk fac-
tors associated with distant metastasis. Internal validation
results demonstrated favorable predictive performance of

the algorithm. Routine screening and early diagnosis of
clinical metastasis often necessitate additional technical
and equipment support; however, morphology-based no-
mograms utilizing heterogeneity and homogeneity factors
may offer a more cost-effective approach.

Nomograms possess distinct advantages in the pre-
diction of distant metastasis in patients with colorectal
cancer. Previous studies have demonstrated that nomo-
grams enable timely and informed treatment decisions
for patients with CRC, thereby reducing the likelihood
of emergency surgery and enhancing patient survival
rates.'*!> Therefore, we recommend employing this pre-
diction model as the initial screening method for EOCRC
patients, followed by its integration with other auxiliary
examinations such as PET/CT to identify high-risk pop-
ulations. Moreover, for patients with EOCRC who do not
exhibit distant metastasis through laboratory or auxiliary
examinations, it may be necessary to shorten the interval
of serological markers or imaging tests for high-risk pop-
ulations in order to promptly detect tumor metastasis and
develop personalized treatment.

However, the current study has certain limitations.
Firstly, some risk factors that have been proven to be closely
related to CRC, such as dietary habits, family history, and
history of digestive system diseases, were not included in
this study because the SEER database does not contain
these risk factors.*>** There have been limited studies on
the risk factors for distant metastases in EOCRC, and the
risk factors included in this study are limited. Furthermore,
it should be noted that the database utilized in this study
solely pertains to the American population, thus limiting
the applicability of our predictive models to other regions
and countries. Prior to implementing these models in a
specific country, validation must be conducted in diverse
populations. Finally, although our results demonstrate fa-
vorable discrimination and calibration capabilities for the
nomogram, caution is advised when interpreting these
findings due to the absence of external data validation for
assessing generalizability. Therefore, additional external
validation through large prospective cohort studies across
various populations is warranted.

5 | CONCLUSION

In this study, distant metastasis was observed in 17.90%
of patients with EOCRC, with synchronous liver, lung,
and hepato-lung metastases occurring at incidence rates
of 11.90%, 2.42%, and 1.50%, respectively. The occur-
rence of distant metastases in EOCRC varies based on
clinical and pathological factors such as location of pri-
mary tumor, histological differentiation, and ethnicity of
patient. The three types of distant metastases in EOCRC
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were positively correlated with positive CEA value before
treatment, increased lymph node metastases, and higher
AJCC pT stage. In addition, there are heterogeneity fac-
tors between different types of metastases. Utilizing these
factors, nomograms were developed to predict distant
metastasis in EOCRC patients, demonstrating good dis-
crimination and calibration capabilities during internal
validation. These findings have the potential to facilitate
accurate predictions and personalized treatment recom-
mendations for individuals with EOCRC.
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