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Background: The incidence of colorectal cancer (CRC) has been escalating, with a concurrent rise 
in early-onset colon cancer (EOCC). Despite this alarming trend, the prognosis of EOCC has been 
understudied. Our study aims to identify risk factors associated with EOCC and develop nomograms for 
predicting overall survival (OS) and cancer-specific survival (CSS), with the goal of choosing suitable therapy 
for various patient subgroups.
Methods: Utilizing data from the Surveillance, Epidemiology, and End Results (SEER) database, we 
conducted a comprehensive analysis to elucidate risk factors in EOCC patients. We developed and validated 
nomograms to predict OS and CSS, stratifying patients into left-sided and right-sided groups and further 
categorizing them into distinct risk categories. After propensity score matching, we assessed therapeutic 
benefits of various interventions across subgroups.
Results: We identified T stage, tumor histology, grade, size, N stage, carcinoembryonic antigen (CEA) 
levels, perineural invasion, tumor deposits, and race as independent risk factors for the left-sided group 
through univariate and multivariate Cox regression analyses. Those factors were integrated into the 
survival nomograms for this group. For the right-sided group, tumor histology, grade, N stage, CEA levels, 
perineural invasion, tumor deposits, radiation, and chemotherapy were identified as independent prognostic 
factors and were similarly incorporated into the survival nomograms. The concordance index (C-index) 
for our nomograms was significantly higher than that of the American Joint Committee on Cancer (AJCC) 
7th edition staging system across all cohorts. Receiver operating characteristic (ROC) curve analysis 
demonstrated area under the curve (AUC) values of 0.72, 0.71, and 0.71 for 1-, 3-, and 5-year OS in the 
development cohort of the left-sided group, with comparable results in the validation cohort. The right-
sided groups exhibited similarly favorable AUC outcomes. Calibration plots indicated a strong correlation 
between predicted and actual outcomes. Decision curve analysis (DCA) revealed the clinical utility of our 
nomograms to be superior to the AJCC 7th edition staging system. Analyses for CSS yielded analogous 
results. Kaplan-Meier curves highlighted significant differences in OS and CSS between low and high-risk 
groups. Notably, the right-sided groups derived greater benefits from adjuvant chemotherapy compared to 
the left-sided groups, whereas radiation therapy provided no discernible benefits across all subgroups.
Conclusions: Our study provides a comprehensive prognostic evaluation of EOCC patients and uses 
nomograms for predicting OS and CSS in left-sided and right-sided groups. Subgroup analyses underscore 
the potential advantages of adjuvant chemotherapy in high-risk groups of both cohorts and the low-risk 
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Introduction

Colorectal cancer (CRC) is currently the third most 
prevalent malignancy and the second leading cause of 
cancer-related mortality worldwide (1). Fortunately, the 
implementation of colonoscopy screening and therapeutic 
advancements have contributed to a reduction in both the 
incidence and mortality rates of CRC in recent years (2). 
Nonetheless, there is a troubling upward trend in CRC 
cases among individuals under 50, underscoring the rise 
of early-onset colon cancer (EOCC) as a significant factor 
in this increase, with the majority of cases presenting at II 
and III stage (3). Evidence available suggests that EOCC 
is currently linked to worse tumor differentiation and 
more advanced illness upon diagnosis in comparison to 
late-onset CRC (4). However, there is still a clinical need 
for the development of precise diagnostic and treatment 
regimens for EOCC. When the colon differentiates from 
the midgut and hindgut, it exhibits unique right- and left-

sided characteristics from an embryological standpoint (5).  
According to recent researches, the prevalence of BRAF 
mutations, microsatellite instability-high (MSI-H), and 
CpG island methylator phenotype (CIMP) gradually 
increases from the rectum to the ascending colon across 
different colorectal subsites (6). Depending on its 
anatomical location, colon cancer (CC) might exhibit 
different patterns of disease progression, survival rates, and 
treatment effects (7,8). Additionally, some evidence suggests 
that various tumor sites may have different best treatment 
approaches for different risk groupings (9,10). A previous 
study has revealed a number of risk variables for CC, such 
as chemotherapy, surgical intervention, and pathological 
grade (11). However, specific risk factors associated with 
various tumor sites in the II-III stage EOCC are still not 
clear and it needs more studies.

The aim of this study is to discover predictive markers 
and create nomograms for predicting overall survival 
(OS) and cancer-specific survival (CSS) in patients with 
stage II–III EOCC using data from the Surveillance, 
Epidemiology, and End Results (SEER) database (seer.
cancer.gov). We also contribute to comparing treatment 
alternatives among subgroups in order to determine the 
best therapy strategies for this population. We present 
this article in accordance with the TRIPOD reporting 
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-2024-2290/rc).

Methods

Study population and inclusion and exclusion criteria

I n  t h i s  r e t r o s p e c t i v e  a n a l y s i s ,  w e  i n v e s t i g a t e d 
clinicopathological profiles of patients diagnosed with 
stage II-III EOCC utilizing data extracted from the 
SEER database, encompassing the period from January 1,  
2010, through December 31, 2017. Data manipulation 
and statistical analysis were performed using SEER*Stat 
software version 8.4.0.1. The dataset coverd an array of 
variables, including age, race, sex, tumor and histologic 
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grades, American Joint Committee on Cancer (AJCC) 7th 
edition staging (T, N, M) (12), tumor size, lymph node 
count, treatment methods (surgery, chemoradiotherapy), 
preoperative carcinoembryonic antigen (CEA) levels, 
perineural invasion, and tumor deposits. The grade is 
assessed through pathologic examination or the tumor’s 
differentiation level, with a lower grade indicating a higher 
differentiation degree. Tumor deposits are defined as 
microscopic or macroscopic tumor nodules found in the 
lymphatic drainage area of the primary tumor. The absence 
of tumor deposits is documented as negative, and similarly, 
the lack of perineural invasion by the tumor is also recorded 
as negative. CEA positive is defined as when the serum 
CEA level exceeds 5 ng/mL.

The inclusion criteria were: (I) individuals with a primary 
diagnosis of stage II or III EOCC; (II) patients with CC as 
their sole primary malignancy; (III) patients who underwent 
surgical treatment and subsequent pathological evaluation. 

Exclusion criteria included: (I) patients with multiple 
primary cancers; (II) cases documented solely through 
autopsy or death certificate information; (III) incomplete 
or missing data; (IV) individuals aged 50 years or older; (V) 
patients with a survival duration of zero months.

A total of 4,045 patients met the study’s criteria, with 
2,164 classified in the left-sided group and 1,881 in the 
right-sided group ultimately (Figure 1). These cohorts were 
stratified in a 7:3 ratio to form training and test datasets, 
respectively, with the latter utilized for internal validation 
of the predictive nomogram. The allocating process was 
realized by random allocation of database by the instructions 
of R software. The study’s primary endpoints were OS and 
CSS, with the median follow-up period representing the 
observed survival duration. OS was defined as the interval 
from the date of diagnosis to death due to any cause or the 
date of last contact, while CSS was calculated from the date 
of diagnosis to death specifically attributed to cancer or 

Figure 1 The selection process of patients in the study. EOCC, early-onset colon cancer; SEER, Surveillance, Epidemiology, and End 
Results.
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the date of last follow-up. Ethics committee approval and 
patient consent were not required as we utilized publicly 
accessible, de-identified data. The study was conducted 
in accordance with the Declaration of Helsinki (as revised  
in 2013).

Statistical analysis

The Mann-Whitney U test was utilized to analyze 
continuous variables, and the Chi-squared test was 
employed for categorical data. To ascertain the relationship 
between variables and survival outcomes, both univariate 
and multivariate Cox proportional hazards models were 
conducted, yielding estimates of hazard ratios (HRs) 
alongside their 95% confidence intervals (CIs). Variables 
exhibiting a statistical significance level of P<0.05 in the 
multivariate analysis were integrated into a graphical 
predictive tool, namely a nomogram, to depict the 
probabilities of 1-, 3-, and 5-year survival. The analysis 
also included the computation of HRs with their respective 
95% CIs. By entering the data of tumor size and OS into 
the X-tile software (version 3.6.1), a computer program 
was used to assess the most effective threshold of the tumor 
size. The X-tile worked by finding the best cutoff value 
that maximizes differences between groups, such as survival 
differences, by exhausting all possible values of a continuous 
variable. The predictive accuracy of the model was gauged 
using the concordance index (C-index) and receiver 
operating characteristic (ROC) curve analysis, which 
encompassed the calculation of the area under the curve 
(AUC). The C-index served as an equivalent variable to 
the AUC of the ROC curve when analyzing censored data. 
Additionally, calibration plots were constructed to assess 
the agreement between the predicted survival outcomes and 
the observed outcomes at various time points. The clinical 

utility of the model was further evaluated through decision 
curve analysis (DCA). Patients within the development 
cohort were stratified into distinct risk categories based 
on cumulative scores, and the divergence in survival was 
scrutinized using the Kaplan-Meier estimator coupled 
with log-rank tests. The core principle of the log-rank test 
is to determine whether there is a statistically significant 
difference in the survival curve by comparing the difference 
between the observed number of death events and the 
number of death events that would be expected under 
the invalid hypothesis. To mitigate potential biases and 
confounding effects, propensity score matching (PSM) 
was implemented in the subgroup analyses, taking into 
consideration a comprehensive set of covariates including 
age, sex, race, T stage, N stage, tumor grade, tumor size, 
CEA levels, perineural invasion, and the presence of tumor 
deposits. PSM analysis was executed utilizing the matching 
package of R software, employing the 1:1 nearest neighbor 
matching approach to ensure balanced comparison groups. 
All statistical computations were executed utilizing SPSS 
software (version 22.0) and R (version 4.2.0). 

Results

Characteristics of II-III stage EOCC patients

A cohort of 4,045 cases with stage II–III EOCC was 
examined, which included 2,164 individuals with left-
sided group and 1,881 with right-sided group (Table 1). 
The median age was 42 years, and the median OS was 
55 months. Surgical intervention was administered to all 
participants, with 97.65% undergoing adequate lymph node 
dissection. The demographic analysis indicated a higher 
prevalence of female and white patients in the left-sided 
group, whereas the right-sided group was characterized 
by inferior tumor differentiation and histological types. It 

Table 1 Baseline characteristics of patients with stage II–III early-onset colon cancer 

Characteristics Total (n=4,045) Left-side (n=2,164) Right-side (n=1,881) P

Sex, n (%) <0.001*

Female 1,940 (47.96) 1,108 (51.20) 832 (44.23)

Male 2,105 (52.04) 1,056 (48.80) 1,049 (55.77)

Race, n (%) <0.001*

Others 1,140 (28.18) 552 (25.51) 588 (31.26)

White 2,905 (71.82) 1,612 (74.49) 1,293 (68.74)

Table 1 (continued)
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Table 1 (continued)

Characteristics Total (n=4,045) Left-side (n=2,164) Right-side (n=1,881) P

Grade, n (%) <0.001*

I/II 3,208 (79.31) 1,827 (84.43) 1,381 (73.42)

III/IV 837 (20.69) 337 (15.57) 500 (26.58)

Histology, n (%) <0.001*

Adenocarcinoma 3,619 (89.47) 2,019 (93.30) 1,600 (85.06)

Others 426 (10.53) 145 (6.70) 281 (14.94)

T stage, n (%) <0.001*

I–II 229 (5.66) 155 (7.16) 74 (3.93)

III–IV 3,816 (94.34) 2,009 (92.84) 1,807 (96.07)

N stage, n (%) <0.001*

N0 1,675 (41.41) 800 (36.97) 875 (46.52)

N1 1,443 (35.67) 821 (37.94) 622 (33.07)

N2 927 (22.92) 543 (25.09) 384 (20.41)

Number of nodes examined, n (%) 0.28

<12 95 (2.35) 56 (2.59) 39 (2.07)

≥12 3,950 (97.65) 2,108 (97.41) 1,842 (97.93)

Radiation, n (%) <0.001*

No/unknown 3,946 (97.55) 2,094 (96.77) 1,852 (98.46)

Yes 99 (2.45) 70 (3.23) 29 (1.54)

Chemotherapy, n (%) <0.001*

No/unknown 1,277 (31.57) 598 (27.63) 679 (36.10)

Yes 2,768 (68.43) 1,566 (72.37) 1,202 (63.90)

Systemic sequence, n (%) <0.001*

Adjuvant therapy with surgery 2,737 (67.66) 1,549 (71.58) 1,188 (63.16)

Neoadjuvant with surgery 34 (0.84) 18 (0.83) 16 (0.85)

Only surgery 1,274 (31.50) 597 (27.59) 677 (35.99)

Carcinoembryonic antigen, n (%) 0.50

Negative 2,660 (65.76) 1,413 (65.30) 1,247 (66.29)

Positive 1,385 (34.24) 751 (34.70) 634 (33.71)

Perineural invasion, n (%) <0.001*

No 3,413 (84.38) 1,785 (82.49) 1,628 (86.55)

Yes 632 (15.62) 379 (17.51) 253 (13.45)

Tumor deposits, n (%) 0.02*

No 3,414 (84.40) 1,799 (83.13) 1,615 (85.86)

Yes 631 (15.60) 365 (16.87) 266 (14.14)

Survival time, months, mean (SD) 58.72 (30.29) 59.13 (29.92) 58.25 (30.71) 0.36

Tumor size, mm, mean (SD) 56.36 (28.64) 51.24 (23.78) 62.26 (32.37) <0.001*

*, statistical significance. SD, standard deviation.
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is noteworthy that the right-sided group had advanced T 
stage but better N stage characteristics. A greater proportion 
of the left-sided group underwent chemoradiotherapy. 
However, this group also exhibited a higher incidence of 
perineural invasion and tumor deposits. Kaplan-Meier 
survival analysis demonstrated a significantly superior OS 
and CSS in the left-sided group when compared to the right-
sided group (Figure 2). The cutoffs of the tumor size of the 
left-sided EOCC and the right-sided EOCC were 79 and 
39 mm, respectively (Figure S1). The left-sided group also 
showed better survival outcomes and smaller tumor sizes. For 
further analysis, both groups were stratified into a training 
subset, encompassing 1,514 left-sided and 1,316 right-sided 
patients, and a validation subset, consisting of 650 left-sided 
and 565 right-sided patients. Statistical evaluation using 
the Mann-Whitney U and Chi-squared tests indicated no 
significant differences in the distribution of features between 
the training and validation cohorts (Tables S1,S2).

Significance of variable features in survival prediction

To identify prognostic factors affecting OS in the left-sided 
group, we performed both univariate and multivariate Cox 
regression analyses on the training set (Table 2). These 
analyses revealed several significant risk factors associated 
with OS outcomes, including tumor histology, grade, size, 
N stage, CEA levels, perineural invasion, tumor deposits, 
and race. Notably, N1 stage (HR: 2.09; 95% CI: 1.36–3.20) 
and N2 stage (HR: 2.46; 95% CI: 1.60–3.76) were linked to 
worse OS, alongside poor tumor grade (HR: 1.58; 95% CI: 
1.14–2.17), unfavorable histology (HR: 2.03; 95% CI: 1.32–
3.12), larger tumor size (HR: 1.74; 95% CI: 1.18–2.58),  

race (HR: 1.42; 95% CI: 1.06–1.91), elevated CEA levels 
(HR: 1.51; 95% CI: 1.14–2.01), perineural invasion 
(HR:1.62; 95% CI: 1.18–2.22), and tumor deposits (HR: 
1.51; 95% CI: 1.09–2.10). Subsequently, we conducted 
similar univariate and multivariate Cox regression analyses 
in the training set to evaluate prognostic factors for OS 
in the right-sided group (Table S3). Here, we found that 
N1 stage (HR: 2.51; 95% CI: 1.62–3.90) and N2 stage 
(HR: 6.17; 95% CI: 3.96–9.61) were again associated with 
poorer OS. Additionally, poor tumor grade (HR: 1.40; 
95% CI: 1.05–1.87), elevated CEA levels (HR: 1.36; 95% 
CI: 1.02–1.81), perineural invasion (HR: 1.44; 95% CI: 
1.05–2.00), and tumor deposits (HR: 2.14; 95% CI: 1.56–
2.94) were also identified as negative prognostic indicators. 
Interestingly, while radiation (HR: 3.27; 95% CI: 1.79–5.97) 
correlated with worse OS, chemotherapy (HR: 0.56; 95% 
CI: 0.39–0.80) was associated with improved OS outcomes.

We further evaluated prognostic factors for CSS in the 
left-sided group by the same way (Table 3). The results 
indicated several possible risk factors, including poor 
tumor grade (HR: 1.74; 95% CI: 1.25–2.43), elevated CEA 
levels (HR: 1.63; 95% CI: 1.20–2.20), perineural invasion 
(HR: 1.58; 95% CI: 1.14–2.19), tumor deposits (HR: 1.41; 
95% CI: 1.01–1.98), larger tumor size (HR: 1.98; 95% 
CI: 1.33–2.94), race (HR: 1.41; 95% CI: 1.02–1.93), N1 
stage (HR: 2.63; 95% CI: 1.62–4.27), and N2 stage (HR: 
3.46; 95% CI: 2.13–5.60). Notably, T3/4 stage was also 
identified as a risk factor for CSS (HR: 2.84; 95% CI: 1.03–
7.80). Subsequently, we performed similar univariate and 
multivariate Cox regression analyses to assess prognostic 
factors for CSS in the right-sided group (Table S4). It 
showed that radiation (HR: 2.62; 95% CI: 1.38–4.98), 

Figure 2 The Kaplan-Meier survival curves of OS (A) and CSS (B) between the left-sided group and the right-sided group. CSS, cancer-
specific survival; CI, confidence interval; HR, hazard ratio; OS, overall survival.
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Table 2 Univariate and multivariate Cox analysis for overall survival in the left-side groups of patients with early-onset colon cancer 

Characteristics
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Sex (vs. female)

Male 1.18 (0.90–1.55) 0.24

Histology (vs. adenocarcinoma)

Others 2.66 (1.79–3.94) <0.001* 2.03 (1.32–3.12) 0.001*

Lymph nodes examined (vs. <12)

≥12 1.07 (0.44–2.60) 0.88

Radiation (vs. no)

Yes 1.68 (0.96–2.95) 0.07

Chemotherapy (vs. no/unknown)

Yes 1.26 (0.91–1.75) 0.16

Grade (vs. I–II)

III–IV 2.17 (1.60–2.94) <0.001* 1.58 (1.14–2.17) 0.005*

Carcinoembryonic antigen level (vs. negative)

Positive 1.87 (1.42–2.46) <0.001* 1.51 (1.14–2.01) 0.004*

Perineural invasion (vs. no)

Yes 2.10 (1.57–2.82) <0.001* 1.62 (1.18–2.22) 0.003*

Tumor deposits (vs. no)

Yes 2.05 (1.51–2.80) <0.001* 1.51 (1.09–2.10) 0.01*

Tumor size (mm) (vs. <79)

≥79 1.89 (1.32–2.70) <0.001* 1.74 (1.18–2.58) 0.006*

Race (vs. White)

Others 1.43 (1.07–1.92) 0.02* 1.42 (1.06–1.91) 0.02*

N stage (vs. N0)

N1 1.80 (1.25–2.61) 0.002* 2.09 (1.36–3.20) <0.001*

N2 2.80 (1.94–4.05) <0.001* 2.46 (1.60–3.76) <0.001*

T stage (vs. T1–T2)

T3–T4 2.14 (1.06–4.34) 0.04* 1.63 (0.78–3.39) 0.19

*, statistical significance. CI, confidence interval.

poor tumor grade (HR: 1.42; 95% CI: 1.05–1.93), elevated 
CEA levels (HR: 1.39; 95% CI: 1.03–1.87), perineural 
invasion (HR: 1.47; 95% CI: 1.04–2.08), tumor deposits 
(HR: 1.85; 95% CI: 1.32–2.60), unfavorable histology (HR: 
1.58; 95% CI: 1.11–2.25), N1 stage (HR: 2.84; 95% CI: 
1.76–4.60), and N2 stage (HR: 7.17; 95% CI: 4.44–11.56) 
were associated with worse OS outcomes. Conversely, 
chemotherapy was linked to improved OS (HR: 0.60; 95% 
CI: 0.41–0.89).

Nomogram construction

Based on the above analysis from the training set, we 
created nomogram models to predict OS and CSS for the 
two groups (Figure 3). Each of the identified prognostic 
factors was assigned a score ranging from 0 to 100, which 
quantitatively represents its relative contribution to the 
predictive accuracy of the model. By aggregating the scores 
for each individual patient, we were able to compute a 
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Table 3 Univariate and multivariate Cox analysis for cancer-specific survival in the left-side group of patients with early-onset colon cancer

Characteristics
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Sex (vs. female)

Male 1.18 (0.88–1.58) 0.27

Histology (vs. adenocarcinoma)

Others 2.67 (1.76–4.05) <0.001* 1.57 (1.00–2.47) 0.051

Lymph nodes examined (vs. <12)

≥12 1.61 (0.52–5.05) 0.41

Radiation (vs. no)

Yes 1.70 (0.90–3.22) 0.10

Chemotherapy (vs. no/unknown)

Yes 1.56 (1.08–2.25) 0.02* 0.83 (0.55–1.25) 0.37

Grade (vs. I/II)

III/IV 2.36 (1.72–3.23) <0.001* 1.74 (1.25–2.43) 0.001*

Carcinoembryonic antigen level (vs. negative)

Positive 1.95 (1.45–2.61) <0.001* 1.63 (1.20–2.20) 0.002*

Perineural invasion (vs. no)

Yes 2.37 (1.73–3.23) <0.001* 1.58 (1.14–2.19) 0.006*

Tumor deposits (vs. no)

Yes 2.29 (1.66–3.16) <0.001* 1.41 (1.01–1.98) 0.045*

Tumor size (mm) (vs. <79)

≥79 2.11 (1.46–3.06) <0.001* 1.98 (1.33–2.94) <0.001*

Race (vs. White)

Others 1.48 (1.08–2.02) 0.02* 1.41 (1.02–1.93) 0.04*

N stage (vs. N0)

N1 2.44 (1.58–3.76) <0.001* 2.63 (1.62–4.27) <0.001*

N2 4.20 (2.75–6.43) <0.001* 3.46 (2.13–5.60) <0.001*

T stage (vs. T1–T2)

T3–T4 3.62 (1.35–9.76) 0.01* 2.84 (1.03–7.80) 0.043*

*, statistical significance. CI, confidence interval.

total point value. This value was subsequently employed to 
estimate the probabilities of 1-, 3-, and 5-year survival for 
both OS and CSS. Notably, higher total scores were linked 
to poorer patient prognosis.

Model validation

In the training cohort for the left-sided group, our 
nomogram for OS demonstrated a C-index of 0.70 (95% 

CI: 0.66–0.74), which was significantly higher than that of 
0.61 (95% CI: 0.54–0.67) observed for the 7th edition of 
AJCC staging system. The predictive accuracy of our model 
was further substantiated by the ROC curves, which yielded 
AUC values of 0.72, 0.71, and 0.71 for 1-, 3-, and 5-year OS 
predictions respectively (Figure 4). Calibration plots revealed 
a strong concordance between the predicted probabilities 
and observed outcomes (Figure 5), and DCA highlighted 
the superior clinical utility of our nomogram over the AJCC 
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system (Figure 6). In the validation set, the C-index further 
improved to 0.75 (95% CI: 0.73–0.77), with corresponding 
AUC values of 0.72, 0.75, and 0.70 for the same survival 
time points (Figure 4A-4C). Calibration curves consistently 
confirmed the predictive accuracy (Figure 5D-5F),  
and DCA further underscored the enhanced clinical utility 

of our nomogram relative to the AJCC system (Figure 6B).
Similarly, the CSS nomogram for the left-sided group 

exhibited robust validation. For the training set, it achieved a 
C-index of 0.75 (95% CI: 0.72–0.79), surpassing the AJCC’s 
C-index of 0.61 (95% CI: 0.55–0.66). The ROC curves 
generated AUC values of 0.92, 0.77, and 0.75 for 1-, 3-, and 
5-year CSS, respectively (Figure S2A-S2C). Calibration 
plots indicated a strong correlation between predicted and 
observed outcomes (Figure S2D-S2F), and DCA confirmed 
the model’s superior clinical efficacy (Figure S2G).  
In the validation cohort, the C-index was 0.64 (95% CI: 
0.57–0.70), with AUC values of 0.71, 0.69, and 0.65 for 
the respective time points (Figure S2A-S2C). Consistent 
results were noted in calibration curves (Figure S2H-S2J), 
and DCA conformed the model’s enhanced clinical utility 
compared to the AJCC system (Figure S2K).

For the nomograms associated with the right-sided 
group, a similar analysis was conducted. In the training set, 
the nomogram for OS yielded a C-index of 0.77 (95% CI: 
0.73–0.80), markedly higher than the 7th edition of the 
AJCC staging system’s C-index of 0.59 (95% CI: 0.53–0.66). 
The model’s performance was further evaluated through 
ROC curves, resulting in AUC values of 0.75, 0.79, and 0.78 
for 1-, 3-, and 5-year OS, respectively (Figure S3A-S3C).  
Calibration plots demonstrated a strong alignment between 
predicted and actual outcomes (Figure S3D-S3F), and 
DCA underscored the nomogram’s superior clinical 
utility compared to the AJCC system (Figure S3G). In the 
validation cohort, the C-index was 0.75 (95% CI: 0.70–
0.80), with AUC values of 0.84, 0.77, and 0.76 at the same 
intervals (Figure S3A-S3C). Calibration curves reaffirmed 
the correlation between predictions and observed results 
(Figure S3H-S3J), while DCA further illustrated the 
nomogram’s enhanced clinical relevance over the AJCC 
system (Figure S3K). Additionally, the CSS nomogram 
for the right-sided group showed strong validation. In the 
training set, it achieved a C-index of 0.77 (95% CI: 0.74–
0.81), again exceeding the AJCC’s C-index of 0.58 (95% 
CI: 0.52–0.65). The ROC curves produced AUC values of 
0.81, 0.80, and 0.78 for 1-, 3-, and 5-year CSS, respectively 
(Figure S4A-S4C). Calibration plots indicated a strong 
correlation between predicted and observed outcomes 
(Figure S4D-S4F), and DCA confirmed the model’s 
superior clinical efficacy (Figure S4G). In the validation 
cohort, the C-index remained at 0.77 (95% CI: 0.71–0.82), 
with AUC values of 0.80, 0.78, and 0.78 for the respective 
time points (Figure S4A-S4C). Consistent results were 
observed in calibration curves (Figure S4H-S4J), and DCA 

Figure 4 The ROC curves for 1- (A), 3- (B), and 5-year (C) OS 
for the left-sided group in the training set and validation set. AUC, 
area under the curve; CI, confidence interval; OS, overall survival; 
ROC, receiver operating characteristic.
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reiterated the model’s enhanced clinical utility compared to 
the AJCC system (Figure S4K).

Potential benefits of different treatment options across 
varying risk groups

The left-sided group was divided into two subgroups 
according to prediction model scores: the low-risk group 

(scores <14 for OS and <185 for CSS) and the high-risk 
group (scores ≥114 for OS and ≥185 for CSS). Similarly, 
the right-sided group was classified into low-risk (scores 
<50 for OS and <54 for CSS) and high-risk (scores ≥50 for 
OS and ≥54 for CSS) subgroups. Kaplan-Meier survival 
analysis revealed significant differences in both OS and CSS 
between these subgroups (Figure 7). Notably, patients with 
higher risk scores demonstrated worse OS and CSS, while 

Figure 5 The calibration curves of the left-sided group for 1- (A), 3- (B), and 5-year (C) OS in the training set and 1- (D), 3- (E), and 5-year 
(F) OS in the validation set. OS, overall survival.
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Figure 6 The DCA curves of the left-sided group for OS in the training set (A) and validation set (B). DCA, decision curve analysis; OS, 
overall survival; TNM, Tumor Node Metastasis classification.

Figure 7 The Kaplan-Meier survival curves of OS and CSS between the high-risk group and the low-risk group. (A) OS for the left-sided 
group. (B) CSS for the left-sided group. (C) OS for the right-sided group. (D) CSS for the right-sided group. CI, confidence interval; CSS, 
cancer-specific survival; HR, hazard ratio; OS, overall survival.
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those in the low-risk group experienced better outcomes.
We further examined the impact of various treatment 

options on OS and CSS in these subgroups after PSM 
(Figure 8 and Figure S5). After each process of PSM, the 

baseline information of the variables was balanced and 
comparable (Appendix 1). In the left-sided cohort, our 
analysis indicated that chemotherapy conferred a significant 
improvement in CSS among patients classified as high risk. 
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Figure 8 The impact of chemotherapy on OS and CSS in subgroups. (A) OS of the left-sided group with low risk. (B) OS of the left-sided 
group with high risk. (C) CSS of the left-sided group with low risk. (D) CSS of the left-sided group with high risk. (E) OS of the right-sided 
group with low risk. (F) OS of the right-sided group with high risk. (G) CSS of the right-sided group with low risk. (H) CSS of the right-
sided group with high risk. CI, confidence interval; CSS, cancer-specific survival; HR, hazard ratio; OS, overall survival.
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In contrast, within the right-sided cohort, chemotherapy 
was observed to significantly enhance both OS and CSS 
for high-risk patients, as well as CSS for those in the low-
risk subgroup. Conversely, radiotherapy did not confer 
any significant survival advantages and was correlated with 
poorer outcomes in the low-risk subgroup. Furthermore, 
we compared the efficacy of adjuvant versus neoadjuvant 
chemotherapy within selected subgroups and observed 
no significant superiority of neoadjuvant chemotherapy  
(Figure S6). However, the limited sample size of patients 
receiving neoadjuvant chemotherapy may be a contributing 
factor to the observed outcomes.

Discussion

There has been a significant escalation in the incidence of 
EOCC over the past three decades, while the incidence of 
CRC among the elderly has either stabilized or declined 
in many countries. However, there is a lack of explanations 
for the rising incidence rate (13,14). EOCC is frequently 
diagnosed at advanced stages, suggesting a more aggressive 
tumorigenesis compared to late-onset colon cancer 
(LOCC) (15). Furthermore, the molecular signatures 
and the microbiome-metabolome profiles of EOCC are 
significantly different from those observed in late-onset 
cases (16). Moreover, emerging evidence implicates the 
younger tissue microenvironment as a contributing factor 
to the accelerated progression of EOCC (17).

Tumor location plays a critical role in shaping the 
biological features and prognosis of CRC (18). A recent 
study reported that there were differences between left-sided 
and right-sided CRC in the gut microbiome, metabolites, 
and host genomics (19). Additionally, research indicated 
that the infiltration of M0 macrophages was significantly 
higher in left-sided CC, whereas right-sided groups showed 
increased levels of differentiated M1 and M2 macrophages, 
as well as elevated CD4+ and CD8+ T cell infiltration (20).  
Furthermore, right-sided CC were associated with 
higher levels of myeloid-derived suppressor cells 
(MDSCs) compared to their left-sided counterparts (21).  
Adjuvant chemotherapy is the standard treatment for 
stage II–III CC; however, treatment responses vary among 
different subgroups (22). Neoadjuvant therapy has also 
shown benefits in selected patients with CC (23). These 
differences in the distribution of immune-related genes and 
biological characteristics may clarify the divergent responses 
to various therapies observed between left-sided and right-
sided CC groups (24,25). Nevertheless, researches aimed 

at survival predictions and optimal treatment strategies for 
patients with stage II–III EOCC remain rare.

Our study investigated prognostic factors and developed 
prediction nomograms for OS and CSS in patients with 
stage II-III EOCC. For the left-sided cohort, multivariate 
Cox regression analysis identified independent risk factors 
for both OS and CSS, which included race, N stage, tumor 
grade, tumor size, histology, elevated CEA levels, presence 
of tumor deposits, and perineural invasion. Notably, T stage  
emerged as a significant risk factor exclusively for CSS. 
In the right-sided one, predictors for OS and CSS were 
N stage, tumor grade, histology, elevated CEA levels, 
tumor deposits, perineural invasion, and radiation and 
chemotherapy. We developed and assessed the accuracy of 
nomograms through C-index values, AUC in ROC analysis, 
and calibration curves. To evaluate the clinical utility and 
potential benefits of our model, DCA was conducted (26). 
The predictive nomogram effectively categorized patients 
into low-risk and high-risk subgroups. Kaplan-Meier 
analysis revealed significant differences in OS and CSS 
between these two groups. Furthermore, we evaluated the 
benefits of various treatment strategies after PSM in the 
training cohort.

In prior nomograms predicting outcomes for EOCC, 
the impact of tumor location was seldom analyzed (27). 
Our study revealed that the right-sided group correlated 
with poorer survival outcomes, aligning with findings in 
CC (28). A Recent study has identified N stage, tumor 
deposits, elevated CEA levels, and perineural invasion as 
crucial risk factors of survival prognosis in CC patients, 
consistent with our own findings (29). Contrary to an 
earlier study that locally advanced CC patients may 
benefit from chemotherapy, our research indicated that 
chemotherapy could improve OS and CSS in the right-
sided EOCC cohort, but show benefits only for CSS in 
the high-risk group of left-sided EOCC cohort (30). One 
possible explanation is that the right-sided EOCC are often 
associated with hypermethylation, microsatellite instability 
and hypermutation, whereas left-sided EOCC tends to be 
more frequently characterized by chromosomal instability 
that reduces the effectiveness of adjuvant therapy (31). 

Researches have reported considerable benefits of 
neoadjuvant chemotherapy for patients with locally 
advanced CC (32). In contrast, our study found no 
significant improvements associated with this treatment. 
A possible explanation is that our cohort had a deficient 
DNA mismatch repair (dMMR), which may contribute to 
a suboptimal response to neoadjuvant chemotherapy (33).  

https://cdn.amegroups.cn/static/public/TCR-2024-2290-Supplementary.pdf
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For stage II-III  CC, indications for neoadjuvant 
chemotherapy are focused on locally advanced (such as 
T4 or N+) or potentially resectable metastatic cases. Its 
application should be combined with the specific situation 
of patients, the biological characteristics of the tumor, and 
the evaluation of the multidisciplinary team. In the future, 
more high-quality studies are needed to clarify the value 
and optimal application of neoadjuvant chemotherapy in 
CC, especially in the group of EOCC. Radiotherapy is a 
standard treatment for rectal cancer, yet it is rarely used in 
EOCC (34). Our study found no significant survival benefits 
linked to radiation therapy in EOCC patients, aligning 
with prior research (35). However, the small sample size of 
patients receiving neoadjuvant therapy and radiation may 
impact the analysis. Furthermore, due to the lack of detailed 
drug and dosage of chemotherapy in the SEER database, 
the universality of our conclusions in clinical application 
is limited. Therefore, larger detailed clinical trials are 
necessary to validate these findings.

Comprehending OS and CSS is crucial for alleviating 
patient anxiety and enhancing quality of life, especially 
for those with initially poor prognosis. OS and CSS 
nomograms enable clinicians to evaluate mortality risk and 
develop personalized follow-up and monitoring strategies. 
This framework provides essential insights into the 
changing landscape of postoperative survival, empowering 
both patients and healthcare providers to make more 
informed treatment choices. However, the nomogram we 
developed is only applicable to stage II–III EOCC. The 
stage IV EOCC and any stage of LOCC are not applicable. 
Therefore, future studies with large sample sizes of more 
levels are needed before the model is widely used in clinical 
practice. 

There are some limitations in this study. First, the SEER 
database lacked key biomarker data, such as molecular 
subtypes, MSI and dMMR status, both of which are 
vital prognostic markers. Additionally, it provided only 
basic therapeutic records without details on surgical 
techniques, chemotherapy regimens (including specific drug 
combinations and doses), radiation doses, patient health 
conditions, or socio-economic factors that may influence 
survival outcomes. Furthermore, the reasons of for not 
receiving specific treatments were missing. These omissions 
limited the scope of our analysis, and future researches 
should incorporate these variables to better assess their 
impact and generalize our findings. Furthermore, the 
retrospective nature of the study introduced potential 
selection bias. To validate our findings and minimize bias, 

prospective cohort studies or randomized controlled trials 
are necessary. 

Conclusions

Our study offered a detailed analysis of prognostic factors 
that may affect OS and CSS in EOCC patients by analyzing 
data from the SEER database. We developed and validated 
predictive nomograms for OS and CSS and assessed 
the impact of various treatment options across different 
subgroups. Although our model demonstrated encouraging 
performance in predicting survival outcomes for EOCC 
patients, further multi-center studies are necessary to 
confirm its clinical applicability.
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