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1 Department of Gastroenterology/Hepatology, Zhongnan Hospital of Wuhan University, Wuhan, China, 2 The Hubei Clinical
Center & Key Laboratory of Intestinal & Colorectal Diseases, Wuhan, China

Background: Although overall colorectal cancer (CRC) cases have been declining
worldwide, there has been an increase in the incidence of the CRC among individuals
younger than 50 years old, which is associated with distant metastasis (DM) and
poor prognosis.

Methods: Young-onset CRC patients’ postoperative data were collected from the
Surveillance, Epidemiology, and End Results (SEER) database between January 2010
and December 2015. Data from the SEER database were divided into early stage and
advanced stage according to whether chemoradiotherapy was recommended in the
guidelines. Independent risk factors for DM were explored by using univariate and
multivariate logistic regression separately. A predictive model was established and
presented as nomogram in the training set of advanced stage. The model was
internally verified in testing set and externally validated in a cohort of 145 patients from
Zhongnan Hospital of Wuhan University. The accuracy, reliability, and clinical application
value were assessed using the receiver operating characteristic curve (ROC), the area
under the curve (AUC), calibration curve, and decision curve analysis (DCA), respectively.
Different risk subgroups of DM were classified according to the scores of the nomogram in
the training set of advanced stage.

Results: A total of 5,584 patients were eligible and enrolled in our study in which 1,277
were in early stage and 4,307 in advanced stage. Preoperative CEA positive was found to
be an independent predictor of DM in early stage. Multivariate logistic regression analysis
showed that tumor size, degree of differentiation, T stage, N stage, preoperative CEA, and
whether radiation or chemotherapy performed were independent risk factors for DM (all,
p < 0.05) in advanced stage. Great accuracies were achieved in our nomogram with AUC
of 0.801 in training set, 0.811 in testing set, and 0.791 in the validation cohort,
respectively. Calibration curves and DCA in internal validation and external validation
both showed good stability and clinical utility values.
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Conclusions: Preoperative CEA positive was a significant predictor of DM for young-
onset CRC patients. A novel nomogram containing clinical and pathological features was
established for predicting DM of advanced CRC in patients younger than 50 years old.
This tool may serve as an early alert for clinicians to DM and make better clinical treatment
regimens.
Keywords: colorectal cancer, young-onset, distant metastasis, risk factor, nomogram
INTRODUCTION

Although regular screening and progressive therapeutics are
shown to be effective in preventing mortality rate in colorectal
cancer (CRC), CRC remains the third leading cause of cancer
death worldwide, with more than 935,000 deaths each year (1).
The patients younger than the age of 50 years old are deemed as
young-onset CRC. It is also worth mentioning that the incidence
and mortality of young-onset CRC have significantly increased
from 1995 to 2016 in the USA (2). The incidence rate of young-
onset CRC has increased from 8.6 per 100,000 people in 1992 to
13.1 per 100,000 people in 2016 in the USA, equally
accompanied with high mortality (3, 4). Young-onset CRC is
more prone to distant metastasis (DM) and microsatellite
instability compared with the elderly, which are associated
with adverse outcomes (5). However, the characteristics and
clues of DM in young-onset CRC are still insufficient. It is of
great importance to assess and predict DM status accurately for
treatment decision making and prognostic evaluation in young-
onset CRC.

In fact, DM is now the predominant reason for treatment
failure with malignant tumor. Approximately 20% of patients
with CRC are diagnosed in more advanced stages with
synchronous DM (6). Liver and lung are the most common
metastases sites with diverse patterns, which may increase the
level of treatment difficulty of CRC (7). Hence, detecting DM as
early as possible has important clinical application value. Young-
onset CRC contributes significantly to the global burden of
disease. In the update of clinical practice of young adults with
CRC, it is mentioned that young patients with CRC symptoms
should have gradually attracted attention (8). With the
increasing emphasis put on young-onset, there is still no
clinical model to predict DM in young-onset CRC patients.
Therefore, we aim to explore the risk factors of DM in young-
onset CRC patients after surgery and try to establish a model for
predicting DM in this group of patients.
MATERIALS AND METHODS

Participants of Inclusion
Data in this retrospective cohort study were obtained from the
Surveillance, Epidemiology, and End Results (SEER) database.
The software of SEER*Stata 8.3.9.2 (http://seer.cancer.gov/
seerstat/) was utilized to filter and download data of CRC
diagnosed during 2010 to 2015. Firstly, CRC patients in the
age group of 20 to 49 years old were selected for the study. We
2

excluded the following patients (1) patients without the TNM
staging data which was based on the 7th American Joint
Committee on Cancer (AJCC) or defined as in situ cancer; (2)
patients diagnosed as “autopsy only” or “death certificate only”;
(3) patients with 2 or more primary tumors; (4) patients with
appendiceal tumors or gastrointestinal stromal tumors; (5)
patients with incomplete DM information; (6) patients without
surgery performed. We analyzed the information of age, gender,
race, marriage, tumor location, tumor size, histology, degree of
differentiation, TNM stage, radiation performed, chemotherapy
performed, carcinoembryonic antigen (CEA) pretreatment, and
follow-up time of every young-onset CRC patient. Overall
survival (OS) and cancer-specific survival (CSS) were also
recorded. Since patients of pT1-2N0 were not recommended
chemoradiotherapy routinely postoperatively on the basis of the
clinical practice guidelines on colorectal cancer (9, 10), all the
enrolled patients were stratified into early stage and advanced
stage based on pT1-2N0. The early stage young-onset CRC was
defined as pT1-2N0 without consideration of adjuvant treatment
factors, while all other stages except pT1-2N0 were proposed as
advanced stage. Patients in the advanced stage were randomly
separated into training set and testing set with a ratio of 3:1. A
small cohort of advanced stage was collected from Zhongnan
Hospital of Wuhan University to validate model externally. This
study was conducted in line with the Declaration of Helsinki and
approved by the Ethics Committee of Zhongnan Hospital of
Wuhan University (number: 2020074).

Risk Factors Exploration
and Nomogram Establishment
Risk factors of DM in early and advanced stage were explored,
respectively. Patients in the derivation cohort were assigned into
two groups according to whether DM occurred (M0 and M1).
We used the Kaplan-Meier method to evaluate the OS and CSS
in different groups. In order to investigate independent risk
factors of young-onset CRC patients, the Chi-square test and
univariate and multivariate logistic regression were adopted. A
nomogram prediction model was established based on the results
of multivariate logistic regression analysis in the training set and
was internally validated in the testing set and externally validated
in the validation test. The predictive accuracy of the nomogram
was assessed by using receiver operating characteristic curve
(ROC) analysis and calculating the area under the curve (AUC).
Calibration curves were used to compare the consistency of the
predicted and actual probabilities of the nomogram. Meanwhile,
we applied decision curve (DCA) analysis and clinical impact
curve (CIC) to assess the clinical effectiveness of the model by
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calculating the net benefits under each risk threshold probability.
We computed all the risk scores according to the nomogram and
divided them into low, medium, and high risk separately.
Prognosis was also evaluated by the risk stratification eventually.
Statistical Analysis
All statistical analyses were performed using SPSS version 25.0 and
the R version 3.6.1. Continuous variables were reported as median
with interquartile range (IQR), while categorical variables were
reported as number with proportions. Chi-square test or Fisher’s
exact testwas performed for the comparisonof variables ofmajority
pathological features. Kaplan-Meier curves and log-rank test were
used to analyze the survival in patients with or without DM. For
variables with p-value <0.05 in the univariate logistic regression
analysis, multivariate regression analysis using a forward stepwise
method was adopted to identify independent risk factors of DM.
Nomogram, calibration curves, ROC, DCA, and CIC were
performed or plotted using R version 3.6.1 ultimately. Two-sided
p-values <0.05 were considered statistical significance.
RESULTS

Basic Characteristics of Patients
A total of 5,584 young-onset CRC patients who underwent surgical
resection were included in this study from SEER database, among
whom 996 patients developed DM with only 25 in the early stage
group and 971 in the advanced stage group. In DM patients, the
most common site for metastasis organ was liver (68.0%, 677/996),
followed by lung (14.7%, 146/996), bone (2.3%, 23/996), and brain
(0.6%, 6/996). The basic characteristics of all patients from SEER
database are presented in Table 1. Among patients included, 1,277
were classified into the early stage group and 4,307 into the
advanced stage group. There were obvious statistical differences
between the two groups in terms of gender, race, marriage, tumor
location, tumor size, histology, degreeofdifferentiation,T stage, and
N stage, whether radiation was performed, whether chemotherapy
was performed, CEA pretreatment, and whetherDMoccurred (p <
0.05), as shown inTable 2. In the group of advanced stage, the data
were randomly classified into a training set of 3,015 individuals and
a testing set of 1,292 individuals. No significant difference was
observed in basic demographic and pathological characteristics
between the two sets (Table 3). A cohort of 145 young-onset
CRC patients in advanced stage from Zhongnan Hospital of
Wuhan University was defined as the validation set, among
whom 31 patients developed DM. A flow chart of inclusion of
patients was shown in Figure 1. The Kaplan-Meier curves revealed
that patients with DMhad a worse prognosis than patients without
DM (Figure 2).

Independent Risk Factors of DM in Early
Stage Young-Onset CRC
As presented in Table 4, only 25 patients developed DM in the
early stage group. Results of Chi-square tests or Fisher’s exact test
indicated that pretreatment CEA (p < 0.001) and tumor size (p =
Frontiers in Oncology | www.frontiersin.org 3
0.022) were associated with DM. Univariate logistic analysis
showed that tumor size was not the independent risk factor of
DM (p = 0.058) while pretreatment CEA was an independent
risk factor of DM in early stage. Comparing with pretreatment
CEA negative, patients with pretreatment CEA positive were
more likely to develop DM (OR = 30.776, 95% CI = 8.390–
112.889, p < 0.001).
Independent Risk Factors of DM in
Advanced Stage Young-Onset CRC
In the advanced stage group, results of Chi-square tests or Fisher’s
exact test demonstrated that tumor size, location, histology, degree
of differentiation, T stage, N stage, radiation performed,
chemotherapy performed, and CEA pretreatment were associated
withDM (Table 5), which were then included in the univariate and
multivariate logistic regression analyses. After adjustment for all
other risk factors, multivariate logistic regression analysis indicated
that patients with the tumor size of 41–50 mm (OR = 4.267, 95%
CI = 1.128–16.135, p = 0.033) were easier to develop DM when
compared with the tumor size of 0–10 mm. Patients with
undifferentiated carcinoma had higher risk of DM than those
with well differentiated (OR = 2.030, 95% CI = 1.025–4.023,
0.042). Patients with T4 stage (OR = 7.111, 95% CI = 2.667–
18.962, p <0.001) and N2 stage (OR = 3.970, 95% CI = 2.948–
5.345, p <0.001) were easier to had DM than those with T1 and N0,
respectively. Interestingly, treatment with a combination of surgery
and radiotherapy (OR = 0.342, 95% CI = 0.265–0.440, p <0.001)
were a protective DM factor for young-onset CRC in advanced
stage. Surgery combined with chemotherapy was an independent
risk factor (OR = 2.250, 95% CI = 1.643–3.081, p <0.001). CEA
positive (OR = 4.027, 95% CI = 3.160–5.131, p <0.001) before
treatment was more prone to increase the likelihood of DM than
CEA negative (Table 6).
Nomogram Establishment and Validation
Analyses above showed that only the pretreatment CEA positive
was an independent risk factor of DM in early stage, while tumor
size, degree of differentiation, T stage, N stage, radiation
performed, chemotherapy performed, and CEA pretreatment
were all independent risk factors of DM in advanced stage. Thus,
we established a prediction model of DM in the training set of
advanced stage group, which was presented as nomogram to
visually illustrate the probabilities of DM (Figure 3).

Accuracy, stability and clinical value of the model were assessed
in the training set, testing set, and validation set. The ROC curves
wereplottedusing thepROCpackageandpresented inFigures4A–
C, primarily to assess the predictive accuracy of the model. The
AUCof ourmodel in training set was 0.801 with sensitivity of 0.762
and specificity of 0.703. Meanwhile, the AUC in the testing set and
validation cohort were 0.811 (sensitivity as 0.684 and specificity as
0.809) and 0.791 (sensitivity as 0.553 and specificity as 0.935),
respectively, all ofwhichdemonstratedgoodaccuracyofprediction.
The calibration curves were plotted to evaluate the consistence of
the actual probability and the predicted probability of DM in the
training set, testing set, and validation set (Figures 4D–F), inwhich
February 2022 | Volume 12 | Article 804038
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TABLE 1 | Clinicopathological characteristics of young-onset colorectal cancer by metastatic site in all including patients from the SEER database.

Variables ALL p Distant metastatic site

M1 (N = 996) M0 (N = 4,588) Liver (N = 677) Lung (N = 146) Bone (N = 23) Brain (N = 6)

Age
20–29 41 (4.1) 220 (4.8) 0.608 25 (3.7) 3 (2.1) 0 (0.0) 0 (0.0)
30–39 204 (20.5) 958 (20.9) 127 (18.8) 28 (19.2) 11 (47.8) 1 (16.7)
40–49 751 (75.4) 3,410 (74.3) 525 (77.5) 115 (78.8) 12 (52.2) 5 (83.3)
Gender
Female 466 (46.8) 2,135 (46.5) 0.885 309 (45.6) 73 (50.0) 9 (39.1) 4 (66.7)
Male 530 (53.2) 2,453 (53.5) 368 (54.4) 73 (50.0) 14 (60.9) 2 (33.3)
Race
White 715 (71.8) 3,233 (70.5) 0.049 479 (70.8) 98 (67.1) 16 (69.6) 5 (83.3)
Black 160 (16.1) 660 (14.4) 120 (17.7) 27 (18.5) 1 (4.3) 1 (16.7)
Other 116 (11.6) 648 (14.1) 76 (11.2) 20 (13.7) 6 (26.1) 0 (0.0)
Unknown 5 (0.5) 47 (1.0) 2 (0.3) 1 (0.7) 0 (0.0) 0 (0.0)
Marriage
Single 398 (40.0) 1,715 (37.4) 0.160 254 (37.5) 57 (39.0) 9 (31.9) 1 (16.7)
Married 554 (55.6) 2,619 (57.1) 394 (58.2) 83 (56.8) 13 (56.5) 4 (66.7)
Unknown 44 (4.4) 254 (5.5) 29 (4.3) 6 (4.1) 1 (4.3) 1 (16.7)
Tumor location
Left colon 507 (50.9) 1,885 (41.1) <0.001 356 (52.6) 68 (46.6) 11 (47.8) 1 (16.7)
Right colon 285 (28.6) 1,122 (24.5) 188 (27.8) 32 (21.9) 2 (8.7) 2 (33.3)
Rectum 173 (17.4) 1,533 (33.4) 114 (16.8) 40 (27.4) 8 (34.8) 3 (50.0)
Unknown 31 (3.1) 48 (1.0) 19 (2.8) 6 (4.1) 2 (8.7) 0 (0.0)
Tumor size
0–10 mm 7 (0.7) 483 (10.5) <0.001 6 (0.9) 0 (0.0) 1 (4.3) 0 (0.0)
11–20 mm 34 (3.4) 308 (6.7) 25 (3.7) 2 (1.4) 1 (4.3) 0 (0.0)
21–30 mm 95 (9.5) 505 (11.0) 65 (9.6) 19 (13.0) 2 (8.7) 0 (0.0)
31–40 mm 164 (16.5) 685 (14.9) 116 (17.1) 21 (14.4) 2 (8.7) 2 (33.3)
41–50 mm 206 (20.7) 722 (15.7) 149 (22.0) 30 (20.5) 4 (17.7) 1 (16.7)
50+ mm 412 (41.4) 1,441 (31.4) 271 (40.0) 60 (41.1) 7 (30.4) 3 (50.0)
Unknown 78 (7.8) 444 (9.7) 45 (6.6) 14 (9.6) 6 (26.1) 0 (0.0)
Histology
Adenocarcinoma 862 (86.5) 3,902 (85.0) 0.008 617 (91.1) 140 (95.9) 20 (87.0) 6 (100.0)
Mucinous carcinoma 76 (7.6) 294 (6.4) 31 (4.6) 4 (2.7) 1 (4.3) 0 (0.0)
Unknown/other 58 (5.8) 392 (8.5) 29 (4.3) 2 (1.4) 2 (8.7) 0 (0.0)
Degree of differentiation
Well differentiated 36 (3.6) 444 (9.7) <0.001 25 (3.7) 5 (3.4) 0 (0.0) 0 (0.0)
Moderately differentiated 600 (60.2) 3,097 (67.5) 440 (65.0) 94 (64.4) 9 (39.1) 3 (50.0)
Poorly differentiated 229 (23.0) 551 (12.0) 136 (20.1) 24 (16.4) 5 (21.7) 3 (50.0)
Undifferentiated 57 (5.7) 107 (2.3) 33 (4.9) 12 (8.2) 4 (17.4) 0 (0.0)
Unknown 74 (7.4) 389 (8.5) 43 (6.4) 11 (7.5) 5 (21.7) 0 (0.0)
T stage
T1 31 (3.1) 963 (21.0) <0.001 24 (3.5) 1 (0.7) 2 (8.7) 0 (0.0)
T2 27 (2.7) 550 (12.0) 25 (3.7) 3 (2.1) 1 (4.3) 0 (0.0)
T3 479 (48.1) 2,437 (53.1) 360 (53.2) 76 (52.1) 8 (34.8) 5 (83.3)
T4 429 (43.1) 624 (13.6) 245 (36.2) 59 (40.4) 12 (52.2) 1 (16.7)
Tx/unknown 30 (3.0) 14 (0.3) 23 (3.4) 7 (4.8) 0 (0.0) 0 (0.0)
N stage
N0 143 (14.4) 2,415 (52.6) <0.001a 97 (14.3) 28 (19.2) 1 (4.3) 2 (33.3)
N1 402 (40.4) 1,389 (30.3) 277 (40.9) 63 (43.2) 11 (47.8) 0 (0.0)
N2 442 (44.4) 784 (17.1) 297 (43.7) 53 (36.3) 10 (43.5) 4 (66.7)
Nx 9 (0.9) 0 (0.0) 6 (0.9) 2 (1.4) 1 (4.3) 0 (0.0)
Radiation performed
No 826 (82.9) 3,422 (74.6) <0.001 572 (84.5) 110 (75.3) 14 (60.9) 1 (16.7)
Yes 170 (17.1) 1,166 (25.4) 105 (15.5) 36 (24.7) 9 (39.1) 5 (83.3)
Chemotherapy performed
No 88 (8.8) 1,934 (42.2) <0.001 61 (9.0) 17 (11.6) 2 (8.7) 0 (0.0)
Yes 908 (91.2) 2,654 (57.8) 616 (91.0) 129 (88.4) 21 (91.3) 6 (100.0)
CEA pretreatment
CEA negative/normal 198 (19.9) 1,814 (39.5) <0.001a 113 (16.7) 23 (15.8) 4 (17.4) 3 (50.0)
CEA positive/elevated 513 (51.5) 857 (18.7) 381 (56.3) 82 (56.2) 11 (47.8) 2 (33.3)
Borderline 4 (0.4) 6 (0.1) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0)
Unknown 281 (28.2) 1,911 (41.7) 182 (26.9) 41 (28.1) 8 (34.8) 1 (16.7)
Frontiers in Oncology | www.fr
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TABLE 2 | Clinicopathological characteristics of young-onset colorectal cancer between early stage and advanced stage.

Variables Early Stage (N = 1,277) Advanced Stage (N = 4,307) p

Age
20–29 62 (4.9) 199 (4.6) 0.864
30–39 260 (20.4) 902 (20.9)
40–49 955 (74.8) 3,206 (74.4)
Gender
Female 633 (49.6) 1,968 (45.7) 0.015
Male 644 (50.4) 2,339 (54.3)
Race
White 874 (68.4) 3,074 (71.4) <0.001
Black 203 (15.9) 617 (14.3)
Other 174 (13.6) 590 (13.7)
Unknown 26 (2.0) 26 (0.6)
Marriage
Single 453 (35.5) 1,660 (38.5) <0.001
Married 707 (55.4) 2,466 (57.3)
Unknown 117 (9.2) 181 (4.2)
Tumor location
Left colon 481 (37.7) 1,911 (44.4) <0.001
Right colon 202 (15.8) 1,205 (28.0)
Rectum 584 (45.7) 1,122 (26.1)
Unknown 10 (0.8) 69 (1.6)
Tumor size
0–10 mm 427 (33.4) 63 (1.5) <0.001
11–20 mm 162 (12.7) 180 (4.2)
21–30 mm 149 (11.7) 451 (10.5)
31–40 mm 118 (9.2) 731 (17.0)
41–50 mm 84 (6.6) 844 (19.6)
50+ mm 74 (5.8) 1,779 (41.3)
Unknown 263 (20.6) 259 (6.0)
Histology
Adenocarcinoma 950 (74.4) 3,814 (88.6) <0.001
Mucinous carcinoma 26 (2.0) 344 (8.0)
Unknown/other 301 (23.6) 149 (3.5)
Degree of differentiation
Well differentiated 258 (20.2) 222 (5.2) <0.001
Moderately differentiated 724 (56.7) 2,973 (69.0)
Poorly differentiated 69 (5.4) 711 (16.5)
Undifferentiated 8 (0.6) 156 (3.6)
Unknown 218 (17.1) 245 (5.7)
T stage
T1 886 (69.4) 108 (2.5) <0.001a

T2 391 (30.6) 186 (4.3)
T3 0 (0.0) 2,916 (67.7)
T4 0 (0.0) 1,053 (24.4)
Tx/Unknown 0 (0.0) 44 (1.0)
N stage
N0 1,277 (100.0) 1,281 (29.7) <0.001a

N1 0 (0.0) 1,791 (41.6)
N2 0 (0.0) 1,226 (28.5)
Nx 0 (0.0) 9 (0.2)
Radiation performed
No 1,186 (92.9) 3,062 (71.1) <0.001
Yes 91 (7.1) 1,245 (28.9)
Chemotherapy performed
No 1,160 (90.8) 862 (20.0) <0.001
Yes 117 (9.2) 3,445 (80.0)
CEA pretreatment
CEA negative/normal 380 (29.8) 1,632 (37.9) <0.001a

CEA positive/elevated 61 (4.8) 1,309 (30.4)
Borderline 1 (0.1) 9 (0.2)
Unknown 835 (65.4) 1,357 (31.5)
Distant metastasis
No 1,252 (98.0) 3,336 (77.5) <0.001
Yes 25 (2.0) 971 (22.5)
Follow-up time 67 (48–87) 53 (37–79) <0.001
Frontiers in Oncology | www.frontiersin.org
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TABLE 3 | Clinicopathological characteristics of young-onset colorectal cancer in training set and testing set in advanced stage group.

Variables Training Set (N = 3,015) Testing Set (N = 1,292) p

Age
20–29 135 (4.5) 64 (5.0) 0.737
30–39 637 (21.1) 265 (20.5)
40–49 2,243 (74.4) 963 (74.5)
Gender
Female 1,360 (45.1) 608 (47.1) 0.239
Male 1,655 (54.9) 684 (52.9)
Race
White 2,143 (71.1) 931 (72.1) 0.921
Black 435 (14.4) 182 (14.1)
Other 419 (13.9) 171 (13.2)
Unknown 18 (0.6) 8 (0.6)
Marriage
Single 1,152 (38.2) 508 (39.3) 0.789
Married 1,736 (57.6) 730 (56.5)
Unknown 127 (4.2) 54 (4.2)
Tumor location
Left colon 1,337 (44.3) 574 (44.4) 0.617
Right colon 855 (28.4) 350 (27.1)
Rectum 772 (25.6) 350 (27.1)
Unknown 51 (1.7) 18 (1.4)
Tumor size
0–10 mm 46 (1.5) 17 (1.3) 0.059
11–20 mm 115 (3.8) 65 (5.0)
21–30 mm 324 (10.7) 127 (9.8)
31–40 mm 496 (16.5) 235 (18.2)
41–50 mm 577 (19.1) 267 (20.7)
50+ mm 1,284 (42.6) 495 (38.3)
Unknown 173 (5.7) 86 (6.7)
Histology
Adenocarcinoma 2,660 (88.2) 1,154 (89.3) 0.586
Mucinous carcinoma 248 (8.2) 96 (7.4)
Unknown/other 107 (3.5) 42 (3.3)
Degree of differentiation
Well differentiated 146 (4.8) 76 (5.9) 0.282
Moderately differentiated 2,104 (69.8) 869 (67.3)
Poorly differentiated 481 (16.0) 230 (17.8)
Undifferentiated 113 (3.7) 43 (3.3)
Unknown 171 (5.7) 74 (5.7)
T stage
T1 65 (2.2) 43 (3.3) 0.077
T2 126 (4.2) 60 (4.6)
T3 2,068 (68.6) 848 (65.6)
T4 729 (24.2) 324 (25.1)
Tx/Unknown 27 (0.9) 17 (1.3)
N stage
N0 907 (30.1) 374 (28.9) 0.405a

N1 1,229 (40.8) 562 (43.5)
N2 872 (28.9) 354 (27.4)
Nx 7 (0.2) 2 (0.2)
Radiation performed
No 2,142 (71.0) 920 (71.2) 0.914
Yes 873 (29.0) 372 (28.8)
Chemotherapy performed
No 605 (20.1) 257 (19.9) 0.896
Yes 2,410 (79.9) 1,035 (80.1)
CEA pretreatment
CEA negative/normal 1,150 (38.1) 482 (37.3) 0.934a

CEA positive/elevated 913 (30.3) 396 (30.7)
Borderline 6 (0.2) 3 (0.2)
Unknown 946 (31.4) 411 (31.8)
Distant metastasis
No 2,342 (77.7) 994 (76.9) 0.593
Yes 673 (22.3) 298 (23.1)
Follow-up time 53 (37–79) 54 (37–79) 0.900
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no obvious deviations from the reference line were observed,
indicating that our model had good consistency in training set,
testing set, and validation set.

The DCA and CIC analyses were employed for the evaluation
of the clinical value of the predictive nomogram. The DCA
indicated that the nomogram model revealed higher clinical
value than any independent variable, as shown in Figures 5A–C
with orange lines. The solid line represents the number of people at
high risk of DM according to our model, and the dotted line
represents the number of people actually metastasized in CIC
Frontiers in Oncology | www.frontiersin.org 7
(Figures 5D–F). When the threshold probabilities were 0 to 0.8,
the most beneficial clinical value for predicting DM in advanced
stage was observed.

Risk Score in Nomogram
We calculated nomogram scores for all advanced stage patients
by using R language. Here, we showed all the score of every
clinicopathological variable in our nomogram in Table 7. By
using the 25th and 75th percentile values of the total risk scores,
patients were divided into three groups, low risk (<38), median
FIGURE 1 | Flow chart of participants inclusion. M1, distant metastasis; M0, no distant metastasis.
February 2022 | Volume 12 | Article 804038
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risk (38–55), and high risk (>55). We found that the number of
DM increased along with the increase of risk stratification
(p < 0.05). The Kaplan-Meier curves were applied to better
show the relationship between risk stratification and survival
prognosis, which suggested that the higher risk of metastasis, the
lower probability of good prognosis or survival in the young-
onset patients (Figure 6).
DISCUSSION

A major clinical feature of young-onset CRC was frequent
involvement of regional lymph nodes and distant organ
metastasis, which accounted for most of the deaths (11). Due to
the heterogeneity, it is difficult to distinguish sporadic from the
hereditary forms of CRC, especially in young-onset CRC patients
(12). This is particularly crucial to understand the pathological
characteristics of young-onset CRC. However, there was still no
research concentrating on the DM of CRC adult cases below 50
years old. Whether DM occurs will directly affect the surgical
efficacy and final prognosis of patients. The combination of
surgical resection and other systemic treatment can significantly
improve the prognosis ofCRCpatientswith distant livermetastases
(13, 14). Thus, we successfully explored the risk factors of young-
onset CRC patients and constructed a model for predicting DM
based on specific pathologic tumor signatures.
Frontiers in Oncology | www.frontiersin.org 8
In this work, we found that pretreatment CEA positive was an
independent risk factor of DM for early stage young-onset CRC
patients, which could provide an important clue of DM for
clinicians. CEA was a cell surface glycoprotein overexpressed in
normal mucosal cells. In fact, previous studies had found that
CEA was a strong predictor closely correlated with DM in CRC.
Pakdel et al. discovered that preoperative serum CEA
concentration in CRC patients was higher in patients with DM
than those without DM (15). Guo et al. found N2 stage, positive
CEA, and tumor size over 30 mm were predictors of DM in T1
colorectal cancer (16). Liu and his colleagues also discovered that
CEA was a risk factor of preoperative synchronous DM in rectal
cancer (17). A large sample cohort study found CEA over 6, T4
stage, and N2 stage could be utilized to DM in rectal cancer (18).
CEA-targeted nanoparticle therapy was also considered a
potential treatment for CRC (19). In addition, CEA was also
incorporated in the prediction model of DM of advanced CRC.
Consequently, this study emphasized that dynamic monitoring
of CEA level postoperative might be an important means of DM
in young-onset CRC patients.

Additionally, our study showed that tumor size,
undifferentiated carcinoma, tumor grades of T4 stage and N2
stage, treatment without radiation, treated with chemotherapy,
and pretreatment CEA positive were associated with DM after
surgery in young-onset patients with advanced CRC. Gaitanidis
et al. found that factors such as age, sex, race, tumor location,
tumor grade, primary tumor size, CEA levels, perineural
A

B

FIGURE 2 | Kaplan-Meier curves of distant metastasis for OS (A) and CSS (B) in all patients from SEER database. OS, overall survival; CSS, cancer-specific
survival; SEER, Surveillance, Epidemiology, and End Results database.
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invasion, T stage, N stage, liver, and lung metastasis were
predictors for synchronous DM in rectal cancer (20). Our
model also included factors such as tumor grade, tumor size,
and pretreatment CEA, which were consistent with previous
study. Whereas, demographic features were not identified as risk
factors of DM in this study. These risk factors were not only
related to DM but also linked with poor OS (21, 22).

Our study demonstrated that larger tumor size was an
independent risk factor of DM. Previous study found that
Frontiers in Oncology | www.frontiersin.org 9
tumor size over 20 mm was an independent risk factor of CSS
and DM in patients with neuroendocrine tumors (23). The
preliminary analysis of Huang et al. showed that the CSS of
patients with tumors ≤4.0, 4.0–7.0, and ≥7.0 cm increased
continuously for 5 years (24). The results of these studies
might be originated from different groupings. More attention
should be paid to those with a tumor size larger than 10 mm
since they were more likely to develop DM. Our study showed
that the degree of carcinoma differentiation was also associated
TABLE 4 | Risk factors associated with distant metastasis of young-onset colorectal cancer in early stage group.

Variables Early Stage p

M1 (N = 25) M0 (N = 1,252)

Age
20–29 0 (0.0) 62 (5.0) 0.251a

30–39 8 (32.0) 252 (20.1)
40–49 17 (68.0) 938 (74.9)
Gender
Female 9 (36.0) 624 (49.8) 0.171
Male 16 (64.0) 628 (50.2)
Race
White 15 (60.0) 859 (68.6) 0.417a

Black 7 (28.0) 196 (15.7)
Other 3 (12.0) 171 (13.7)
Unknown 0 (0.0) 26 (2.1)
Marriage
Single 11 (44.0) 442 (35.3) 0.558a

Married 13 (52.0) 694 (55.4)
Unknown 1 (4.0) 116 (9.3)
Tumor location
Left colon 10 (40.0) 471 (37.6) 0.291a

Right colon 7 (28.0) 195 (15.6)
Rectum 8 (32.0) 576 (46.0)
Unknown 0 (0.0) 10 (0.8)
Tumor size
0–10 mm 2 (8.0) 425 (33.9) 0.022a

11–20 mm 4 (16.0) 158 (12.6)
21–30 mm 4 (16.0) 145 (11.6)
31–40 mm 6 (24.0) 112 (8.9)
41–50 mm 1 (4.0) 83 (6.6)
50+ mm 2 (8.0) 72 (5.8)
Unknown 6 (24.0) 257 (20.5)
Histology
Adenocarcinoma 22 (88.0) 928 (74.1) 0.334a

Mucinous carcinoma 0 (0.0) 26 (2.1)
Unknown/other 3 (12.0) 298 (23.8)
Degree of differentiation
Well differentiated 2 (8.0) 256 (20.4) 0.400a

Moderately differentiated 15 (60.0) 709 (56.6)
Poorly differentiated 2 (8.0) 67 (5.4)
Undifferentiated 0 (0.0) 8 (0.6)
Unknown 6 (24.0) 212 (16.9)
T stage
T1 15 (60.0) 871 (69.6) 0.304
T2 10 (40.0) 381 (30.4)
CEA pretreatment
CEA negative/normal 3 (12.0) 377 (30.1) <0.001a

CEA positive/elevated 12 (48.0) 49 (3.9)
Borderline 0 (0.0) 1 (0.1)
Unknown 10 (40.0) 825 (65.9)
February 2022 | Volume 12 | Article
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TABLE 5 | Risk factors associated with distant metastasis of young-onset colorectal cancer in advanced stage group of training set.

Variables Advanced Stage p

M1 (N = 673) M0 (N = 2,342)

Age
20–29 29 (4.3) 106 (4.5) 0.939
30–39 140 (20.8) 497 (21.2)
40–49 504 (74.9) 1,739 (74.3)
Gender
Female 305 (45.3) 1,055 (45.0) 0.900
Male 368 (54.7) 1,287 (55.0)
Race
White 473 (70.3) 1,670 (71.3) 0.106a

Black 114 (16.9) 321 (13.7)
Other 84 (12.5) 335 (14.3)
Unknown 2 (0.3) 16 (0.7)
Marriage
Single 269 (40.0) 883 (37.7) 0.537
Married 375 (55.7) 1,361 (58.1)
Unknown 29 (4.3) 98 (4.2)
Tumor location
Left colon 347 (51.6) 990 (42.3) <0.001
Right colon 191 (28.4) 664 (28.4)
Rectum 113 (16.8) 659 (28.1)
Unknown 22 (3.3) 29 (1.2)
Tumor size
0–10 mm 4 (0.6) 42 (1.8) 0.006
11–20 mm 16 (2.4) 99 (4.2)
21–30 mm 62 (9.2) 262 (11.2)
31–40 mm 103 (15.3) 393 (16.8)
41–50 mm 147 (21.8) 430 (18.4)
50+ mm 294 (43.7) 990 (42.3)
Unknown 47 (7.0) 126 (5.4)
Histology
Adenocarcinoma 581 (86.3) 2,079 (88.8) 0.004
Mucinous carcinoma 54 (8.0) 194 (8.3)
Unknown/other 38 (5.6) 69 (2.9)
Degree of differentiation
Well differentiated 19 (2.8) 127 (5.4) <0.001
Moderately differentiated 422 (62.7) 1,682 (71.8)
Poorly differentiated 147 (21.8) 334 (14.3)
Undifferentiated 40 (5.9) 73 (3.1)
Unknown 45 (6.7) 126 (5.4)
T stage
T1 7 (1.0) 58 (2.5) <0.001
T2 11 (1.6) 115 (4.9)
T3 343 (51.0) 1,725 (73.7)
T4 295 (43.8) 434 (18.5)
Tx/Unknown 17 (2.5) 10 (0.4)
N stage
N0 80 (11.9) 827 (35.3) <0.001a

N1 268 (39.8) 961 (41.0)
N2 318 (47.3) 554 (23.7)
Nx 7 (1.0) 0 (0.0)
Radiation performed
No 557 (82.8) 1,585 (67.7) <0.001
Yes 116 (17.2) 757 (32.3)
Chemotherapy performed
No 63 (9.4) 542 (23.1) <0.001
Yes 610 (90.6) 1,800 (76.9)
CEA pretreatment
CEA negative/normal 138 (20.5) 1,012 (43.2) <0.001a

CEA positive/elevated 342 (50.8) 571 (24.4)
Borderline 1 (0.1) 5 (0.2)
Unknown 192 (28.5) 754 (32.2)
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with DM of CRC, which was in line with previous researches (25,
26). Interestingly, tumor location was found more in the rectum
than right colon in advanced stage young-onset patients.
However, after being adjusted by other factors, it was not
included in our prediction model finally. We could not
completely deny the clinical value of tumor location in young-
onset CRC as many studies have reported that it was one of
pivotal signatures in CRC patients (27).

Although the effect of chemotherapy on CRC has been widely
studied, the clinical benefits still remained controversial (28). A
meta-analysis concluded that postoperative adjuvant
chemotherapy could not improve OS, disease-free survival or
distant recurrence of rectal cancer (29). Nevertheless,
Frontiers in Oncology | www.frontiersin.org 11
chemotherapy was still regarded as one of the most important
palliative cures for CRC patients, which had been accepted as the
standard treatment for patients with locally advanced rectal
cancer all over the world (10, 30). Most of the studies
supported that chemotherapy could improve the prognosis of
patients, which could explain why DM patients often received
chemotherapy. As for radiotherapy, a study demonstrated that
radiotherapy combined with surgery were helpful for patients
with local recurrence of rectal cancer (31). Chemotherapy,
radiotherapy, and molecular-targeted drug therapy remained
the mainstay of treatment for advanced CRC (32). In recent
years, researches have detected that chemotherapy with pelvic
radiotherapy was more recommended to improve the prognosis
TABLE 6 | Univariate and multivariate logistic regression analyses of distant metastasis in advanced stage young-onset colorectal cancer from training set.

Variables Univariate Analysis Multivariate Analysis

OR (95% CI) p OR (95% CI) p

Tumor location <0.001 0.364
Left colon Reference Reference
Right colon 0.821 (0.670–1.004) 0.055 – 0.207
Rectum 0.489 (0.387–0.618) <0.001 – 0.917
Unknown 2.164 (1.227–3.818) 0.008 – 0.162
Tumor size 0.008 0.049
0–10 mm Reference Reference
11–20 mm 1.697 (0.535–5.379) 0.369 3.599 (0.858–15.086) 0.080
21–30 mm 2.485 (0.859–7.188) 0.093 3.305 (0.859–12.719) 0.082
31–40 mm 2.752 (0.965–7.851) 0.058 3.440 (0.903–13.109) 0.070
41–50 mm 3.590 (1.266–10.181) 0.016 4.267 (1.128–16.135) 0.033
50+ mm 3.118 (1.109–8.768) 0.031 3.099 (0.825–11.637) 0.094
Unknown 3.917 (1.332–11.521) 0.013 4.977 (1.279–19.365) 0.021
Histology 0.005 0.253
Adenocarcinoma Reference Reference
Mucinous carcinoma 0.996 (0.727–1.365) 0.980 – 0.155
Unknown/other 1.971 (1.312–2.959) 0.001 – 0.329
Degree of differentiation <0.001 0.020
Well differentiated Reference Reference
Moderately differentiated 1.677 (1.024–2.748) 0.040 1.327 (0.772–2.282) 0.306
Poorly differentiated 2.942 (1.750–4.947) <0.001 1.688 (0.952–2.992) 0.073
Undifferentiated 3.663 (1.976–6.790) <0.001 2.030 (1.025–4.023) 0.042
Unknown 2.387 (1.323–4.307) 0.004 2.160 (1.104–4.228) 0.025
T stage <0.001 <0.001
T1 Reference Reference
T2 0.793 (0.292–2.152) 0.648 1.274 (0.404–4.015) 0.679
T3 1.648 (0.746–3.640) 0.217 2.820 (1.064–7.472) 0.037
T4 5.632 (2.536–12.510) <0.001 7.111 (2.667–18.962) <0.001
Tx/Unknown 14.086 (4.657–42.607) <0.001 20.955 (5.51–79.698) <0.001
N stage <0.001
N0 Reference
N1 2.883 (2.209–3.763) <0.001 2.641 (1.967–3.545) <0.001
N2 5.934 (4.540–7.755) <0.001 3.970 (2.948–5.345) <0.001
Nx – 0.999 – 0.998
Radiation performed <0.001 <0.001
No Reference Reference
Yes 0.436 (0.351–0.542) <0.001 0.342 (0.265–0.440) <0.001
Chemotherapy performed <0.001 <0.001
No Reference Reference
Yes 2.916 (2.211–3.844) <0.001 2.250 (1.643–3.081) <0.001
CEA pretreatment <0.001 <0.001
CEA negative/normal Reference
CEA positive/elevated 4.392 (3.515–5.488) <0.001 4.027 (3.160–5.131) <0.001
Borderline 1.467 (0.170–12.646) 0.728 1.246 (0.118–13.150) 0.855
Unknown 1.867 (1.472–2.370) <0.001 1.677 (1.295–2.172) <0.001
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of patients with DM (33). More studies were needed to
investigate the potential of system treatment for advanced
CRC, especially in young-onset CRC patients.

Nomogram was an effective and excellent predictive tool
which had a wide range of applications in various studies.
Huang and his colleagues created a radiomics nomogram of
preoperative lymph node metastasis in patients with CRC to
calculate the individualized risk of lymph node metastasis (34).
This method was also broadly applied to other carcinomas such
as lung (35, 36), esophageal cancer (36), early gastric cancer (37),
and so on. Due to limited cohorts, most of the studies could not
extend the external verification of this risk model. Therefore,
they were unable to evaluate the goodness of fit of the model. In
this study, internal and external crossvalidation both showed our
model was workable. The AUC, calibration curve, and DCA
could better ensure the excellent performance of our model in
terms of accuracy, consistency, and clinical applicability. Three
groups at low risk, medium risk, and high risk were identified to
be associated with survival prognosis. All of the results indicated
Frontiers in Oncology | www.frontiersin.org 12
that our model was reliable and could provide further clues for
clinical physicians. Therefore, closely monitoring DM should be
considered for young-onset CRC patients with larger tumor size,
undifferentiated carcinoma, tumor grades of T4 or N2 stage,
treatment without radiation or treatment with chemotherapy
after surgery, and pretreatment CEA positive.

Nevertheless, limitations still remained in our study.
Although the SEER database provided us with vast data to
establish the model, the sample size of the validation cohort
was relatively small. Thus, the model required further validation
with data from multicenter. Additionally, the lack of data in the
SEER database would also have a certain impact on the accuracy
of the model. Finally, relatively small number of M1 patients in
the early stage cohort might lead to underestimation of the effect
of other variables. Further analysis of early stage for young-onset
CRC patients could also make sense.

In conclusion, our research successfully identified a number of
independent risk factors of DM in different stages and created a
predictive nomogram to predict DM in advanced stage for CRC
FIGURE 3 | Nomogram for distant metastasis of advanced stage young-onset colorectal cancer patients in training set. To estimate the risk of distant metastasis,
the point of each variable was calculated by drawing a straight line from the patient variable value to the axis marked “points.” The total points are converted to the
“probability of distant metastasis” on the lowest axis.
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TABLE 7 | Score of every clinicopathological variable in our nomogram.

Clinicopathological variables Nomogram score of distant metastasis

Degree of differentiation
Well differentiated 0
Moderately differentiated 2
Poorly differentiated 4
Undifferentiated 6
Unknown 6
Tumor size
0–10 mm 0
11–20 mm 11
21–30 mm 10
31–40 mm 10
41–50 mm 12
50+ mm 9
Unknown 13
T stage
T1 0
T2 2
T3 9
T4 16
Tx/Unknown 26
N stage
N0 0
N1 8
N2 12
Nx 100
Radiotherapy performed
No 9
Yes 0
Chemotherapy performed
No 0
Yes 7
CEA pretreatment
Borderline 2
Positive 12
Negative 0
Unknown 4
Frontiers in Oncology | www.frontiersin.org Fe15
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FIGURE 6 | Clinical effects of the risk score in our nomogram in training set. Based on the interquartile range of risk score, our nomogram divided participants into
three subgroups. The number of distant metastasis in each subgroup was present in (A), both p < 0.001. The OS was also evaluated among the different risk
subgroups with p < 0.0001 (B). OS, overall survival.
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patients younger than 50 years old. Internal verification and external
verification of the model both demonstrated good predictive
performance. Thus, they can assist clinicians in following disease
progression and help tailor therapy strategy accordingly.
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