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Abstract
Objective: This study aimed to use the Surveillance Epidemiology and End Results (SEER) database to
investigate the incidence and associated factors of early-onset colorectal cancer (EO-CRC), construct a
nomogram based on prognostic-related variables to predict the risk of liver metastasis in EO-CRC, predict
the overall survival (OS), and guide individualized treatment, to help manage EO-CRC and improve
survival.

Methods: Data regarding patients diagnosed with CRC between 2010 and 2016 were retrieved from the
SEER database, and the incidence rates of different age groups, genders, and distant metastases (bone,
brain, liver, and lung) after age standardization were analyzed and calculated. We selected patients with
EO-CRC for further study and randomly divided them according to a 7:3 ratio for the training and
validation cohorts. The validation cohort was used for the internal verification. Logistic regression
analyses were used to examine the risk factors of liver metastasis. Multivariate analysis was used to
construct a nomogram to predict the risk of liver metastasis in EO-CRC. Cox regression analysis identified
statistically significant variables related to prognosis to construct a nomogram to predict the OS of  EO-
CRC patients. The nomogram’s performance was estimated by the receiver operating characteristic (ROC)
curve and calibration curve. The Kaplan-Meier method was used to classify patients into high-risk and
low-risk groups according to the optimal cutoff of the prognosis (PI). Risk stratification effectively avoids
the survival paradox.

Results: The incidence of CRC decreased annually from 2010-2016 and increased with age, continuing to
rise from 35 years old. The incidence of CRC according to gender and distant metastasis is stable, and
the incidence in men is higher than in women. The most common distant metastatic organ is the liver.
Logistic regression analysis revealed that the grade, N stage, treatment (surgery, radiotherapy,
chemotherapy), bone metastasis, CEA, tumor deposits, and perineural invasion were significantly related
to liver metastasis of EO-CRC. The optimal cutoff, specificity, and sensitivity of the total score of the risk
nomogram for liver metastasis of EO-CRC in the training cohort were -1.627, 0.801, and 0.754,
respectively. The validation cohort's optimal cutoff, specificity, and sensitivity were -1.903, 0.763, and
0.763, respectively. ROC curves showed good discrimination in the training cohort (area under the curve
[AUC] 0.848) and validation cohort (AUC 0.839). Cox regression analysis revealed that race, primary tumor
location, grade, sex, NM stage, primary tumor resection, chemotherapy, tumor size, distant metastasis
(bone, liver, lung), CEA, tumor deposits, and perineural invasion were independent prognostic factors for
OS in patients with EO-CRC. The 1-, 3-, and 5-year OS AUCs were 0.845, 0.838, and 0.816 in the training
cohort and 0.854, 0.839, and 0.815 in the validation cohort, respectively. Using the optimal cutoff of the
prognosis, all patients were stratified into high-risk and low-risk groups, and the Kaplan-Meier curve
indicated that patients with higher risk had worse survival outcomes. The calibration curves exhibited
good consistency between predicted and actual survival rates.

Conclusions: This study analyzes the relevant epidemiological information and clinicopathological and
molecular characteristics of EO-CRC and uses a nomogram to stratify the risk of patients with EO-CRC,
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which will help clinicians manage patients and formulate more precise individualized treatment
strategies. 

1 Introduction
Colorectal cancer (CRC) is one of the four most common malignant tumors, and the fight against CRC
still faces many challenges. Data from the World Health Organization show that CRC mainly affects
people over 50 years of age. Recent studies have shown that the incidence of CRC in young people is
increasing. Intergenerational differences in diet, environmental factor exposure, and lifestyle factors may
lead to a rapid increase in the incidence of young people. This pattern of incidence is still not clear
globally [1]. Patients younger than 50 years old are often referred to as having early-onset CRCs (EO-CRC)
[2]. From 2000-2013, the in-depth development of fecal occult blood testing and colonoscopy rapidly
reduced the incidence of people aged 65 years and over, but the incidence among people under 50 years
old increased at a rate of 2% per year, and the mortality rate increased by 1%. According to the age
composition and growth forecast of the world’s population, by 2030, the incidence of colon cancer and
rectal cancer will increase to 90 and 124% in the 20-34-year-old population, respectively, and among the
35-49-year-old population, colon cancer and rectal cancer will increase by 27.7 and 46.0%, respectively [3–

5].

Young people have no obvious high-risk factors and are not specifically screened. The general lack of
awareness of colon cancer and colon cancer symptoms has resulted in symptomatic patients not being
diagnosed in time, leading to the development of advanced diseases. Approximately 20-25% of CRC
patients are diagnosed with stage IV or related distant organ metastasis at the first diagnosis. This
number has remained stable for the past two decades. More than 50% of CRC patients will undergo
metastasis as the disease progresses. Local recurrence and distant organ metastasis are the leading
causes of high overall mortality [6, 7].

Despite the rapid development of treatment strategies such as immunotherapy and targeted treatment,
the prognosis of CRC remains very poor [8–10]. Therefore, there is an urgent need for statistical analysis of
metastatic CRC to help clinicians understand the distant metastasis of CRC and take medical intervention
measures. Using the TNM staging system of the American Joint Committee on Cancer ( AJCC) guide
treatment and assessing the prognosis of patients with CRC has certain limitations; in clinical practice,
various prognostic variables have been applied to assist in the prognosis, monitoring, and treatment of
diseases [11–14]. Therefore, further research is required to identify factors that may affect the prognosis of
patients, consider the entirety of individualized treatment plans, use a nomogram to hierarchically
manage patients and predict their survival, and create a reliable tool for monitoring and auxiliary
treatment decision-making, assisting in clinical prognosis evaluation and tailored screening and clinical
management strategies [15]. This study will review the epidemiology and risk factors of EO-CRC patients
to better understand EO-CRC and identify individuals who may benefit from early detection and follow-up
monitoring.
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2 Materials And Methods
Demographic characteristics, clinicopathological characteristics, treatment methods, distant metastasis
(bone, brain, liver, and lung), and survival follow-up data of CRC from 2010-2016 from the Surveillance,
Epidemiology, and End Results (SEER) database, and calculate the age-adjusted incidence rate were
included in the analysis. According to the International Classification of Diseases for Oncology, third
edition (ICD-O-3), the primary tumor site is divided into the proximal colon (C180, C182-C184), distal colon
(C185-C188), and rectum (C199, C209). Surgery information, tumor size, tumor deposits, perineural
invasion, and TNM staging information of the SEER database were downloaded from the SEER database.
The endpoint was defined as OS. All the data used in this research were retrieved from the public data of
the SEER database, so there is no need for medical ethics review approval, ethics approval, or declaration.

The inclusion criteria for this study were: ① patients with CRC in 2010-2016; ② age < 50 years old; ③ ICD-O-3
codes C180, C182-C188, C199, and C209. The Exclusion criteria were: ① lack of important
clinicopathological factors, such as race, grade, TNM stage, tumor size, and surgical information; ② lack
of clear information about distant metastasis; and incomplete survival time and survival state [16].

2.1 Statistical Analysis
The incidence of CRC in different age groups, genders, and distant metastases from 2010-2016 The
patients were divided into 18 groups, and each 5 years old was divided into one group. The incidence rate
was standardized according to the age of the American population in the year 2000, and the incidence
unit of this study was 100,000/person-year. CRC patients under 50 years old were selected for further
analysis and randomly divided according to the ratio of 7:3 into the training and validation cohorts. The
relationship between the risk of liver metastasis of EO-CRC and the variables was analyzed by univariate
and multivariate logistic regression to determine the odds ratio (OR) and 95% confidence interval (95% CI)
and screen out statistically significant variables for constructing a nomogram. Univariate and
multivariate Cox regression analyses of the relationship between overall survival (OS) and prognostic
variables, determine the HR value and 95% CI, and screen out statistically significant variables to
construct a nomogram. The sensitivity and specificity of diagnosis and prediction of the nomogram were
evaluated using the area under the curve (AUC) of the receiver operating characteristic (ROC) curve. The
optimal cutoff of the prognosis (PI) for EO-CRC was calculated to predict the OS. Using the optimal
cutoff, all patients were stratified into high- and low-risk groups to draw a Kaplan-Meier curve. The data
were downloaded, and the incidence rate was calculated using SEER Stat software (version 8.3.9). All
other statistical analyses were performed using the R software (version 4.0.4). Statistical significance
was set at P < 0.05.

3 Results

3.1 Incidence of CRC
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As shown in Figure 1, the incidence of CRC decreased year-on-year from 2010-2016 (Figure 1A) and the
incidence of both men and women remained stable. During the same period, the incidence of male
patients was approximately 10/100,000 higher than that of women (Figure 1B). Data show that the
incidence of distant metastasis of CRC has remained stable from 2010-2016. The most common
metastatic site was the liver, followed by the lungs (Figure 1C). The incidence of patients in different age
groups gradually increased with age. Before the age of 50 years, the incidence rate doubles every 5 years.
After 50 years of age, the incidence rate slows, and the incidence rate increases every 5 years by about
30%. (Figure 1A). The incidence of EO-CRC distant metastasis was the same as the overall incidence of
distant metastasis of CRC (Figure 1D).

3.2 Patient Characteristics
Data regarding a total of 29,459 patients with EO-CRC from 2010-2016 were retrieved from the SEER
database. After excluding patients with a lack of follow-up or unknown data, the study finally included a
total of 16,915 patients with EO-CRC. According to the ratio of 7:3, the patients were randomly divided
into the training (11,840 cases) and validation sets (5,075 cases). Table 1 shows the patient
characteristics.

3.3 Determining the Risk Factors for Liver Metastasis
Univariate and multivariate logistic regression analyses were used to predict the risk factors for liver
metastasis in EO-CRC (Table 2). The results showed that grade, N stage, treatment (primary tumor
resection, radiotherapy, chemotherapy), distant metastasis (bone, brain), CEA, tumor deposits, and
perineural invasion are independent risk factors for the risk of liver metastasis in EO-CRC.

3.4 Construction and Validation of Predictive Nomograms
for Liver Metastasis
A comprehensive logistic regression analysis of variables related to the risk of liver metastasis of EO-CRC
was performed to construct a nomogram to predict the risk of liver metastasis of EO-CRC (Figure 2). The
optimal cutoff, specificity, and sensitivity of the total score of the risk nomogram for liver metastasis of
EO-CRC in the training cohort were -1.627, 0.801, and 0.754, respectively(Figure 3A). The optimal cutoff,
specificity, and sensitivity of the validation cohort were -1.903, 0.763, and 0.763 (Figure 3B). The AUCs of
the ROC curves of the training and validation sets were 0.848 and 0.839, respectively. There was no
significant deviation between the calibration curve and the ideal curve for the training and validation set
(Figure 4A, B).
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3.5 Univariate and Multivariate Analyses of Effects of
Factors on OS
Univariate and multivariate Cox regression analyses were used to analyze the relationship between the
OS of EO-CRC and prognostic variables (Table3). The results showed that race, sex, primary tumor
location,   grade, N staging, M staging, primary tumor resection, chemotherapy, tumor size, distant
metastasis (bone, liver, lung), CEA level, tumor deposits, and perineural invasion were significantly
correlated with the OS of EO-CRC patients.

3.6 Construction and Validation of the OS nomogram for
EO-CRC
All the independent risk factors with a significant impact on OS were included in the nomogram for
predicting 1-, 3-, and 5-year OS in the training set (Figure 5). By adding the variable scores corresponding
to each patient, it is easy to obtain the survival probability of different individuals. The ROC curve showed
that the AUCs at 1, 3, and 5 years were 0.739, 0.745, and 0.739 in the training cohort (Figure 6A) and
0.766, 0.745, and 0.739 in the validation cohort (Figure 6B), respectively. According to the prognosis’s
optimal cutoff, the subgroups were further divided into low-risk and high-risk groups. The prognostic
difference between the two groups was statistically significant (Figure 8). The optimal cutoff of the
prognosis at 1, 3, and 5 years were 0.47,0.312, and 0.154 in the training cohort and 1.0, 0.604, and 0.304
in the validation cohort, respectively. At the same time, the calibration curve of the nomogram (Figure 7A-
F) was established. In the training and validation sets, the 1-, 3-, and 5-year calibration curves showed
that the survival rates predicted by the nomogram were in good agreement with the actual survival rates.

4 Discussion
The SEER database is a public cancer registry database funded by the US federal government. This
database records information such as epidemiology, clinicopathological characteristics, and survival
outcomes and can be used to study the current status of CRC [3, 19]. Analysis of the incidence of CRC
regarding distant metastases, age group, and sex from 2010-2016 found that the incidence of CRC is
decreasing year by year, and the incidence of CRC patients between 35-50 years old almost doubles every
5 years. The incidence rate gradually slows after the age of 50 years, and the incidence rate increases by
approximately 30% every 5 years.

The liver is the most common site of CRC metastasis, followed by the lungs, which is more common in
men. Men and women have different risk factors. The top three risk factors for men are alcohol, low-
calcium diet, and smoking, and the top three risk factors for women are low-calcium diet, low dairy
product intake, and diet. Low fiber intake [20]. This study was based on accurate and effective big data to
describe the incidence of CRC. The results of the study are consistent with global cancer statistics
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[3,21−23]. At present, only 1/5 to 1/3 of countries provide high-quality incidence data. This study updated
the epidemiological information on CRC with distant metastasis. Some patients may not have a complete
systemic assessment, which may underestimate the outcome.

The increase in the incidence of EO-CRC is a problem worth noting, especially in the context of the
popularity of CRC screening in the elderly, and the overall incidence tends to stabilize or decline. The
increased awareness of the significant increase in the incidence of EO-CRC may help provide a detailed
assessment of family histories of cancer and follow-up of symptomatic young people. There are few
studies on the risk factors that lead to an increase in the incidence of bowel cancer in young people.
Lowering the screening age is currently one of the primary screening strategies. This problem creates a
heavy financial burden; in countries where per capita colorectoscopic resources are scarce, investigating
the risk factors of young people is the most important solution to this problem [24].

Age is the most important risk factor for CRC. Multiple independent calculation models show that CRC
screening will benefit more from the age of 45 years, and it is recommended that individuals with a family
history undergo screening from the age of 40 [25, 26]. EO-CRC is usually poorly differentiated, and the risk
of recurrence and distant metastasis is high [27]. Approximately 20-30% of CRC patients have liver
metastases at the first diagnosis, and as the disease progresses, approximately 50% develop liver
metastases; the median survival time of patients with distant liver metastases from CRC is only 6-8
months [21, 28, 29]. In this study, we identified some risk factors related to the occurrence of liver metastasis
of EO-CRC. We also developed a nomogram to predict the possibility of EO-CRC with liver metastasis, an
intuitive statistical prediction tool that can quantitatively inform clinicians and patients of the risk of
metastatic disease, provide reference opinions for related imaging examinations, and assist in making
appropriate medical decisions; with the continuous improvement to the guidelines for the diagnosis and
treatment of CRC, there is an urgent need for more scientific and standardized treatment. Precise
treatment has a better curative effect and fewer adverse effects.

Single- and multi-factor Cox regression analyses were conducted in this study, and it was found that a
series of prognostic factors can increase the risk of death in patients with EO-CRC, including Blacks, the
primary site in the proximal colon, N2 stage, undifferentiated tumors, and unacceptable chemotherapy,
tumor size > 5 cm, distant metastasis, CEA, tumor deposits, and perineural invasion. Therefore, clinicians
should focus more on EO-CRC patients with these risk factors. Due to the considerable differences in
demographics and clinicopathological characteristics, the survival prognosis of patients with the same
TNM staging varies greatly, and TNM staging alone cannot meet the demand. Therefore, the AJCC
believes that it is necessary to develop a model that can predict the probability of individual risks [30].

The nomogram in this study integrates common and widely recognized independent prognostic risk
factors, such as sex, primary tumor location, and metastasis to other organs. These independent
prognostic factors are easy to obtain and do not increase the additional costs of promotion and
application. The ROC and calibration curves indicate that the nomogram established in this study has an
excellent predictive ability.
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Early removal of adenomas, detection of precancerous lesions, and early lesions all reduce mortality. Due
to systemic supportive treatment, primary site tumor, and metastasis removal, the 5-year survival rate of
patients with stage IV CRC has increased from 4 to 12 % [31]. The median survival time of all patients with
stage IV CRC increased from 7 to 12 months, mainly due to the improved survival rate of lung and liver
metastases [21].

Individualized medicine has further improved the efficacy of systemic therapy, and it is expected that the
survival rate will be further improved. Therefore, it is necessary to optimize personalized treatment and
follow-up treatment effects [32]. The study of colorectal incidence trends and related risk factors is
essential for developing better risk prediction models and provides more information for research on new
treatment methods.

This study had some limitations. First, this was a retrospective study. Although the SEER database
consists of 18 population-based registries, coding errors and incomplete and inaccurate data cannot be
avoided. Second, the SEER database failed to provide patients’ family histories, or histories of smoking
and drinking, life-threatening chronic diseases, adverse reactions to treatment, chemotherapy regimens,
molecular genetics, and immunology information.

Despite the above limitations, given the breadth of demographic information in this study and the
availability of long-term follow-up data, our study still contributes valuable information to the
understanding of CRC.

Conclusion
This study analyzes the relevant epidemiological information and clinicopathological and molecular
characteristics of EO-CRC and uses a nomogram to stratify the risk of patients with EO-CRC, which will
help clinicians manage patients and formulate more precise individualized treatment strategies. 

Abbreviations
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Table 1 

Demographic and clinical characteristics of early-onset colorectal cancer patients

Characteristics Total（n=16915)

N %

Race    

white 12634 74.69%

black 2367 13.99%

other 1914 11.32%

Sex    

female 8034 47.50%

male 8881 52.50%

Primary tumor site    

proximal colon 4976 29.42%

distal colon 5877 34.74%

rectum 6062 35.84%

Grade    

grade I 1119 6.62%

grade II 12362 73.08%

grade III 2799 16.55%

grade IV 635 3.75%

T stage    

T0 2 0.01%

T1 1685 9.96%

T2 1977 11.69%

T3 9773 57.78%

T4 3478 20.56%

N stage    

N0 7235 42.77%

N1 5681 33.59%
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N2 3999 23.64%

Primary tumor resection    

no 1127 6.66%

yes 15788 93.34%

Radiation    

no/unknown 13079 77.32%

yes 3836 22.68%

Chemotherapy    

no/unknown 5523 32.65%

yes 11392 67.35%

tumor size    

≤5cm 9987 59.04%

＞5cm 6928 40.96%

CEA    

positive 4837 28.60%

negative 6468 38.24%

border 58 0.34%

unknown 5552 32.82%

Tumor deposits    

negative 12450 73.60%

positive 2734 16.16%

unknown 1731 10.23%

Perineural invasion    

negative 12402 73.32%

positive 2620 15.49%

unknown 1893 11.19%

Bone metastasis    

no 16819 99.43%

yes 96 0.57%
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Brain metastasis    

no 16893 99.87%

yes 22 0.13%

Liver metastasis    

no 14536 85.94%

yes 2379 14.06%

Lung metastasis    

no 16350 96.66%

yes 565 3.34%

Table 2 

Univariate and multivariate logistic regression analysis in early-onset colorectal cancer with liver
metastasis
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Characteristics Univariate Multivariate

OR(95%CI) P value OR(95%CI) P value

Race        

white reference   reference  

black 1.273 （1.104-1.464） ＜0.05 1.110 (0.040-31.213） 0.72

other 0.972 （0.821-1.146） 0.74 1.029（0.876-1.206） 0.12

Sex        

female reference   - -

male 1.090（0.986-1.212） 0.09 - -

Primary tumor site        

proximal colon reference   reference  

distal colon 1.116（0.986-1.265） 0.08 1.037（0.902-1.194） 0.61

rectum 0.798（0.700- 0.910） ＜0.05 1.047（0.875-1.252） 0.62

Grade        

grade I reference   reference  

grade II 1.893（1.462-2.490） ＜0.05 1.563（1.170-2.120） ＜0.05

grade III 2.538（1.925-3.400） ＜0.05 1.267（0.926-1.753） 0.15

grade IV 2.767（1.953-3.940） ＜0.05 1.428（0.967-2.119） 0.07

T stage        

T0 reference   reference  

T1 0.093（0.004-2.350） 0.09 0.083（0.003-2.280） 0.11

T2 0.042（0.002-1.070） 0.03 0.067（0.002-1.835） 0.08

T3 0.161（0.006-4.090） 0.20 0.115（0.004-3.118） 0.16

T4 0.329（0.013-8.330） 0.43 0.135（0.005-3.669） 0.20

N stage        

N0 reference   reference  

N1 3.104（2.693- 3.585） ＜0.05 1.791（1.519-2.116） ＜0.05

N2 5.724（4.967-6.611） ＜0.05 2.703（2.274-3.219） ＜0.05

Primary tumor resection        
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no reference   reference  

yes 0.340（0.290-0.400） ＜0.05 0.376（0.283-0.499） ＜0.05

Radiation        

no/unknown reference   reference  

yes 0.572（0.496-0.657） ＜0.05 0.304（0.250-0.369） ＜0.05

Chemotherapy        

no/unknown reference   reference  

yes 4.887（ 4.176-5.753） ＜0.05 2.877（2.406-3.455） ＜0.05

tumor size        

≤5cm reference   reference  

＞5cm 1.386（1.250-1.537） ＜0.05 1.0185（0.904-1.147） 0.76

CEA        

positive reference   reference  

negative 0.129（0.111-0.149） ＜0.05 0.129（0.111-0.149） ＜0.05

border 0.000（0.000-0.000） 0.92 0.000（0.000-0.000） 0.94

unknown 0.244（0.215-0.277） ＜0.05 0.244（0.215-0.277） ＜0.05

Tumor deposits        

negative reference   reference  

positive 3.606（3.191-4.074） ＜0.05 3.606（3.191-4.074） ＜0.05

unknown 3.540（3.059-4.091） ＜0.05 3.540（3.059-4.091） ＜0.05

Perineural invasion        

negative reference   reference  

positive 3.195（2.820-3.615） ＜0.05 3.195（2.820-3.615） ＜0.05

unknown 2.358（2.030-2.729） ＜0.05 2.358（2.030-2.729） ＜0.05

Bone metastasis        

no reference   reference  

yes 19.087（11.428-33.453） ＜0.05 7.522（4.180-13.980） ＜0.05

Brain metastasis        

no reference   reference  
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yes 9.551（3.182-31.644） ＜0.05 3.412（0.745-15.658） 0.11

Lung metastasis        

no reference   reference  

yes 14.736（11.901-18.337） ＜0.05 6.910（5.473-8.757） ＜0.05
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Table 3 

Univariate and multivariate Cox regression analysis for overall survival(OS) in early-onset colorectal
cancer patients

Characteristics Univariate Multivariate

HR(95%CI) P value HR(95%CI) P value

Race        

white reference   reference  

black 1.47（1.32-1.63） ＜0.05 1.32(1.19-1.47) ＜0.05

other 1.12（0.99-1.27） 0.07  1.12(0.99-1.28) 0.07 

Sex        

female reference   reference  

male 1.12（1.03-1.21） 0.01  1.09(1.00-1.18) 0.05 

Primary tumor site        

proximal colon reference   reference  

distal colon 0.87（0.79-0.95） ＜0.05 0.81(0.74-0.90) ＜0.05

rectum 0.82（0.74-0.90） ＜0.05 0.78(0.70-0.87) ＜0.05

Grade        

grade I reference   reference  

grade II  1.51（1.22-1.87 ） ＜0.05  1.24(1.00-1.54) 0.05 

grade III 3.54（2.85-4.41） ＜0.05 2.38(1.91-2.98) ＜0.05

grade IV 4.00（3.08-5.18） ＜0.05 2.53( 1.94-3.29) ＜0.05

T stage        

T0 reference      

T1 2317(1.09e-283-4.95e+289) 0.98  - -

T2 1452(6.80e-284-3.10e+289) 0.98  - -

T3 3239(1.52e-283-6.92e+289) 0.98  - -

T4 9611(4.50e-283-2.05e+290) 0.98  - -

N stage        

N0 reference   reference  

N1 2.30（2.07-2.57） ＜0.05 1.74(1.54-1.96) ＜0.05
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N2 4.59（4.14-5.10） ＜0.05 2.68(2.36-3.04) ＜0.05

M stage        

M0 reference   reference  

M1 6.66（6.14-7.22） ＜0.05 1.94(1.46-2.58) ＜0.05

Primary tumor resection        

no reference   reference  

yes 0.34（0.31-0.39） ＜0.05 0.44(0.37-0.53) ＜0.05

Radiation        

no/unknown reference   - -

yes 0.93（0.85-1.02） 0.14  - -

Chemotherapy        

no/unknown reference   reference  

yes 2.08（1.89-2.3） ＜0.05 0.78(0.69-0.87) ＜0.05

tumor size        

≤5cm reference   reference  

＞5cm 1.47（1.36-1.59） ＜0.05 1.20(1.10-1.30) ＜0.05

CEA        

positive reference   reference  

negative 0.31（0.28-0.34） ＜0.05 0.61(0.54-0.68) ＜0.05

border 0.36（0.17-0.76） 0.01  0.82(0.39-1.72) 0.59 

unknown 0.47（0.43-0.52） ＜0.05 0.80(0.72-0.88) ＜0.05

Tumor deposits        

negative reference   reference  

positive 3.39（3.10-3.72） ＜0.05 1.59(1.44-1.76) ＜0.05

unknown 2.98（2.68-3.33） ＜0.05 1.36(1.17-1.59) ＜0.05

Perineural invasion        

negative reference   reference  

positive 2.68（2.44-2.95） ＜0.05 1.35(1.22-1.49) ＜0.05

unknown 2.15（1.93-2.40） ＜0.05 1.27(1.12-1.45) ＜0.05
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Bone metastasis        

no reference   reference  

yes 9.51（7.29-12.48） ＜0.05 1.97(1.49-2.59) ＜0.05

Brain metastasis        

no reference   reference  

yes 8.92（4.45-17.9） ＜0.05  1.99(0.98-4.04) 0.06 

Liver metastasis        

no reference   reference  

yes 6.47（5.96-7.03） ＜0.05 1.85(1.42-2.42) ＜0.05

Lung metastasis        

no reference   reference  

yes 5.69（5.00-6.49） ＜0.05 1.51(1.29-1.77) ＜0.05

Figures
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Figure 1

(A) Incidence of colorectal cancer stratified by age group. (B) Incidence of colorectal cancer stratified by
sex. (C) Incidence of colorectal cancer with distant metastasis. (D) Incidence of early-onset colorectal
cancer with distant metastasis. Rates are per 100 000 persons and age-adjusted to the 2000 US Std
population standard.

Figure 2

Nomogram for predicting liver metastasis in patients with early-onset colorectal cancer
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Figure 3

Receiver operating characteristic (ROC) curves representing the discriminatory ability of the nomogram in
training (A) and validation (B) cohorts. AUC, area under the curve; Best cutoff value.

Figure 4

Calibration plot of the nomogram for the probability of liver metastasis in training (A) and validation (B)
cohorts. Bootstrap 1,000 repetitions.
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Figure 5

Nomogram for the prediction of 1-, 3- and 5-year overall survival (OS) in early-onset colorectal cancer.
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Figure 6

Receiver operating characteristic (ROC) curves of the nomogram for predicting 1-, 3- and 5-year OS in
training (A) and validation (B) cohorts. OS, overall survival.
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Figure 7

Calibration curves of the nomogram for predicting 1- (A), 3- (B), and 5-year (C) OS in training cohorts. 1-
(D), 3- (E) and 5-year (F) OS in validation cohorts. The predicted survival produced by the nomogram is
plotted on the x-axis and the actual survival is plotted on the y-axis. Dashed lines represent an identical
calibration model in which the predicted OS is approximate to the actual OS. OS, overall survival.
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Figure 8

Kaplan–Meier curves of the optimal cutoff of the 1- (A), 3- (B), and 5-year (C) prognosis in training
cohorts. Optimal cutoff of the 1- (D), 3- (E), and 5-year (F) prognosis in validation cohorts.


