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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. 

www.wileyonlinelibrary.com/journal/cam4
mailto:
mailto:
mailto:
http://creativecommons.org/licenses/by/4.0/
mailto:chunzhaoyu@njmu.edu.cn


      |  20713YIMIN et al.

1   |   INTRODUCTION

Colorectal cancer (CRC) is the third most common 
cancer and the second leading cause of cancer-related 
deaths worldwide.1 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 50 years old.2,3 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.4 
The decrease in late-onset CRC incidence and related 
mortality is primarily attributed to screening, fol-
lowed by surveillance and treatment.2 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 50 years old are more likely to be uninsured and 
have lower compliance with screening, even if they have 
a family history of CRC.5 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 72 years in 
the early 21st century to 66 years currently.1 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 50.2

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%.6 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.7,8 
The most common metastatic organ of colorectal cancer 
is the liver, followed by the lung.9 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%.10 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.11 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.12,13 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 

Although limited risk factors were incorporated in this study, the established 
nomograms indicated good predictive performance.

K E Y W O R D S
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that quantifies risk by integrating and validating several 
independent risk factors and have shown unique advan-
tages in multiple studies.14,15

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 ± 6.79 years (range 18–49). 51.23% (N = 8369) 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 pN0 (50.29%, N = 8216). 60.54% of patients 
(N = 9890) were classified as grade II: moderately differen-
tiated (Table 1).
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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; χ2 = 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, 

F I G U R E  1   Flowchart of EOCRC patient selection.
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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%.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.16 The identification of such risk 
factors can facilitate personalized treatment strategies and 
improve prognosis while also being cost-effective.17

Previous studies have demonstrated that distinct his-
tological subtypes of the same tumor exhibit varying 
rates of metastasis in different organs.18,19 The disparate 

F I G U R E  2   The distribution and trend of distant metastases in EOCRC patients. Classified by different distant metastases by different 
tumor location.
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T A B L E  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 
polyp

0.35 0.28–0.44 <0.001 0.77 0.6–1 0.047

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

pN0 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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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 

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.20 The heterogeneity of risk 
factors observed in our study may be partially attributed to 

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

<5 cm 1 (reference) 1 1 (reference) 1

≥5 cm 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 c 1.32–1.7 <0.001

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

T A B L E  2   (Continued)

F I G U R E  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.
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F I G U R E  4   Nomograms for predicting synchronous liver metastasis (A), lung metastasis (B), hepato-lung metastases (C) in EOCRC 
patients.
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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.

F I G U R E  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).



      |  20723YIMIN et al.

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.21,22 
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 

F I G U R E  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).
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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.23–25 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.26 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.27 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.28 
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).29 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.30 However, there are few 
reports on the molecular mechanisms of metastasis in 
different tumor locations in EOCRC, and further explo-
ration is needed.29,31 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.14,15 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.32,33 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.

AUTHOR CONTRIBUTIONS
Yimin E: Data curation (lead); formal analysis (lead); 
investigation (lead); methodology (equal); project 
administration (equal); resources (equal); software 
(lead); supervision (equal); validation (lead); visualiza-
tion (lead); writing – original draft (lead); writing – re-
view and editing (equal). Sizheng Sun: Data curation 
(equal); software (equal). Xiaoyu Fan: Data curation 
(equal); investigation (equal); resources (equal). Chen 
Lu: Data curation (equal); formal analysis (equal); in-
vestigation (equal); methodology (equal). Jing Sun: 
Data curation (equal). Yicheng Huang: Data cura-
tion (equal); software (equal). Pengcheng Ji: Software 
(equal); writing – original draft (equal). Xiaojun Yang: 
Methodology (equal); writing – review and editing 
(equal). Chunzhao Yu: Methodology (lead); project ad-
ministration (lead); resources (lead); supervision (lead); 
writing – review and editing (lead).

FUNDING INFORMATION
The National Key Research and Development Program of 
China (No. 2018YFE0127300), the Primary Research and 
Development Plan of Jiangsu Province (No. BE2019759), 
the fifth phase of the “333 Project” scientific research 
project of Jiangsu Province (No. BRA2020091), Research 
Project of Jiangsu Commission of Heath (No. ZD2022063).

CONFLICT OF INTEREST STATEMENT
No conflict of interest exists in the submission of this man-
uscript, and the manuscript is approved by all authors for 
publication.

DATA AVAILABILITY STATEMENT
The datasets included in the current study are openly 
available in the Surveillance, Epidemiology, and End 
Results (SEER) database at https://​seer.​cancer.​gov/​.

REFERENCES
	 1.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. Cancer J 

Clin. 2020;70(1):7-30.
	 2.	 Sinicrope FA. Increasing incidence of early-onset colorectal 

cancer. N Engl J Med. 2022;386(16):1547-1558.

	 3.	 Li N, Lu B, Luo CY, et  al. Incidence, mortality, survival, risk 
factor and screening of colorectal cancer: a comparison 
among China, Europe, and northern America. Cancer Lett. 
2021;522:255-268.

	 4.	 Araghi M, Soerjomataram I, Bardot A, et al. Changes in colorec-
tal cancer incidence in seven high-income countries: a popula-
tion-based study. Lancet Gastroenterol Hepatol. 2019;4(7):511-518.

	 5.	 He JH, Cao C, Ding Y, et al. A nomogram model for predicting 
distant metastasis of newly diagnosed colorectal cancer based 
on clinical features. Front Oncol. 2023;13:1186298.

	 6.	 Siegel RL, Miller KD, Sauer AG, et al. Colorectal cancer statis-
tics, 2020. Cancer J Clin. 2020;70(3):145-164.

	 7.	 Chen FW, Sundaram V, Chew TA, Ladabaum U. Advanced-
stage colorectal cancer in persons younger than 50 years not as-
sociated with longer duration of symptoms or time to diagnosis. 
Clin Gastroenterol Hepatol. 2017;15(5):728-737. e723.

	 8.	 Kneuertz PJ, Chang GJ, Hu CY, et al. Overtreatment of young 
adults with colon cancer: more intense treatments with un-
matched survival gains. JAMA Surg. 2015;150(5):402-409.

	 9.	 Deng S, Jiang Z, Cao Y, et al. Development and validation of 
a prognostic scoring system for patients with colorectal can-
cer hepato-pulmonary metastasis: a retrospective study. BMC 
Cancer. 2022;22(1):643.

	10.	 Khan K, Cascinu S, Cunningham D, et al. Imaging and clini-
cal correlates with regorafenib in metastatic colorectal cancer. 
Cancer Treat Rev. 2020;86:102020.

	11.	 Danial D, Youssef E, Maryam BM, Mohammad A, Moein BM, 
Liliane D. Risk factors of young-onset colorectal cancer: anal-
ysis of a large population-based registry. Can J Gastroenterol 
Hepatol. 2022;2022:1-8.

	12.	 Siegel RL, Jakubowski CD, Fedewa SA, Davis A, Azad NS. 
Colorectal cancer in the young: epidemiology, prevention, man-
agement. Am Soc Clin Oncol Educ Book. 2020;40:1-14.

	13.	 Ding XL, Yang XD, Wu DF, et al. Nomogram predicting the can-
cer-specific survival of early-onset colorectal cancer patients 
with synchronous liver metastasis: a population-based study. 
Int J Colorectal Dis. 2022;37(6):1309-1319.

	14.	 Lee RM, Cardona K, Russell MC. Historical perspective: two 
decades of progress in treating metastatic colorectal cancer. J 
Surg Oncol. 2019;119(5):549-563.

	15.	 Alhumaid A, AlYousef Z, Bakhsh HA, AlGhamdi S, Aziz MA. 
Emerging paradigms in the treatment of liver metastases in col-
orectal cancer. Crit Rev Oncol Hematol. 2018;132:39-50.

	16.	 Wolf AMD, Fontham ETH, Church TR, et al. Colorectal cancer 
screening for average-risk adults: 2018 guideline update from 
the American Cancer Society. Cancer J Clin. 2018;68(4):250-281.

	17.	 Ahnen DJ, Patel SG. Cost-effectiveness and national effects 
of initiating colorectal cancer screening for average-risk per-
sons at age 45 years instead of 50 years. Gastroenterology. 
2019;157(6):1691-1692.

	18.	 Song BR, Xiao CC, Wu ZK. Predictors of lymph node metastasis 
and prognosis in pT1 colorectal cancer patients with signet-ring 
cell and mucinous adenocarcinomas. Cell Physiol Biochem. 
2017;41(5):1753-1765.

	19.	 Zhang C, Mao M, Guo X, et al. Nomogram based on homoge-
neous and heterogeneous associated factors for predicting bone 
metastases in patients with different histological types of lung 
cancer. BMC Cancer. 2019;19:12.

	20.	 Benedix F, Kube R, Meyer F, et al. Comparison of 17,641 pa-
tients with right- and left-sided colon cancer: differences in 

https://seer.cancer.gov/


20726  |      YIMIN et al.

epidemiology, perioperative course, histology, and survival. Dis 
Colon Rectum. 2010;53(1):57-64.

	21.	 Yurgelun MB, Kulke MH, Fuchs CS, et al. Cancer susceptibil-
ity gene mutations in individuals with colorectal cancer. J Clin 
Oncol. 2017;35(10):1086-1095.

	22.	 Pearlman R, Frankel WL, Swanson B, et  al. Prevalence and 
spectrum of germline cancer susceptibility gene mutations 
among patients with early-onset colorectal cancer. JAMA 
Oncol. 2017;3(4):464-471.

	23.	 O'Connell JB, Maggard MA, Livingston EH, Yo CK. Colorectal 
cancer in the young. Am J Surg. 2004;187(3):343-348.

	24.	 Done JZ, Fang SH. Young-onset colorectal cancer: a review. 
World J Gastrointest Oncol. 2021;13(8):856-866.

	25.	 Luo TW, Wang YT, Shan XF, et al. Nomogram based on homo-
geneous and heterogeneous associated factors for predicting 
distant metastases in patients with colorectal cancer. World J 
Surg Oncol. 2021;19(1):13.

	26.	 Yaeger R, Chatila WK, Lipsyc MD, et  al. Clinical sequencing 
defines the genomic landscape of metastatic colorectal cancer. 
Cancer Cell. 2018;33(1):125-136.e3.

	27.	 Yang G, Yu XR, Weisenberger DJ, Lu T, Liang GN. A multi-om-
ics overview of colorectal cancer to address mechanisms of 
disease, metastasis, patient disparities and outcomes. Cancer. 
2023;15(11):2934.

	28.	 Saraiva MR, Rosa I, Claro I. Early-onset colorectal can-
cer: a review of current knowledge. World J Gastroenterol. 
2023;29(8):1289-1303.

	29.	 Chan TL, Curtis LC, Leung SY, et al. Early-onset colorectal can-
cer with stable microsatellite DNA and near-diploid chromo-
somes. Oncogene. 2001;20(35):4871-4876.

	30.	 Liu CQ, Wu W, Chang WJ, et al. miR-31-5p-DMD axis as a novel 
biomarker for predicting the development and prognosis of spo-
radic early-onset colorectal cancer. Oncol Lett. 2022;23(5):157.

	31.	 Lu C, Zhang XP, Schardey J, et al. Molecular characteristics of 
microsatellite stable early-onset colorectal cancer as predic-
tors of prognosis and immunotherapeutic response. NPJ Precis 
Oncol. 2023;7(1):63.

	32.	 Wang YF, Wu JY, He HR, et  al. Nomogram predicting can-
cer-specific mortality in early-onset rectal cancer: a competing 
risk analysis. Int J Colorectal Dis. 2020;35(5):795-804.

	33.	 Dekker E, Tanis PJ, Vleugels JLA, Kasi PM, Wallace MB. 
Colorectal cancer. Lancet. 2019;394(10207):1467-1480.

SUPPORTING INFORMATION
Additional supporting information can be found online 
in the Supporting Information section at the end of this 
article.

How to cite this article: E Y, Sun S, Fan X, et al. 
Prediction of liver and lung metastases in patients 
with early-onset colorectal cancer by nomograms 
based on heterogeneous and homogenous risk 
factors. Cancer Med. 2023;12:20712-20726. 
doi:10.1002/cam4.6633

https://doi.org/10.1002/cam4.6633

	Prediction of liver and lung metastases in patients with early-onset colorectal cancer by nomograms based on heterogeneous and homogenous risk factors
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Population
	2.2|Statistical analysis

	3|RESULTS
	3.1|Clinical and demographic characteristics
	3.2|Incidence of synchronous distant metastasis in EOCRC
	3.3|Risk factors for synchronous distant metastasis in EOCRC
	3.4|Nomograms for predicting specific organ distant metastasis in EOCRC

	4|DISCUSSION
	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


