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Abstract: Objective To evaluate the impact of peripheral nerve aggression (PNI) on prognosis in patients with stage Ⅰ-Ⅲ 
early-onset colorectal cancer (EO-CRC) and to create a PNI-based nomogram prediction model. Methods This study analyzed 
data on 5,920 EO-CRC patients aged 50 years and younger enrolled in the U.S. Surveillance, Epidemiology, and End Results 
(SEER) database from 2010 to 2015. The patients were divided into the training group (n=4,164) and the validation group 
(n=1,756) by a ratio of 7:3. Kaplan-Meier survival curve was drawn and Cox proportional risk model was used for univariate and 
multivariate prognosis analysis. Based on the significant variables of the multivariate model, a nomogram was constructed, and 
the predictive ability was evaluated by receiver operating characteristic (ROC) curve, calibration curve and decision curve analysis 
(DCA). Results Compared with PNI negative patients, PNI positive patients tended to be young, lesions located in the left colon, 
with poor differentiation, higher TNM stage, chemotherapy intervention, and higher CEA level (P<0.05). Kaplan-Meier curve 
suggested that PNI positive group had worse prognosis than PNI negative group. Cox univariate analysis suggested that age, 
sex, degree of tumor differentiation, TNM stage, T stage, N stage, whether to receive radiation therapy, whether to receive 
chemotherapy, CEA level, maximum tumor diameter and PNI status were variables affecting the survival and prognosis of 
patients. Multivariate analysis showed that PNI was an independent prognostic indicator for patients with stage Ⅰ to Ⅲ EO-
CRC (HR=1.73, 95%CI:1.44-2.08, P<0.05). The area under ROC curve of nomogram model based on PNI was more than 0.7 in 
both 3-year and 5-year lifetime. Conclusion PNI can be used as an independent prognostic marker in patients with stage Ⅰ-
Ⅲ EO-CRC, and PNI-based nomogram model can be used as an effective prognostic tool. 
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Colorectal cancer (CRC) is a common malignant 
tumor of the digestive tract. According to the World 
Cancer Report published by the International Agency 
for Research on Cancer (IARC), CRC ranks third in 
incidence and second in mortality rates of global 
cancers [1]. Since the mid-1990s, the incidence of CRC 
among individuals aged 50 and above in the United 
States has been decreasing. However, the incidence 
among individuals under 50 years old, known as early-
onset colorectal cancer (EO-CRC), has been rising, 
from 5.9 cases per 100,000 to 8.4 cases per 100,000 [2]. 
Related risk studies indicated that obesity, 
hyperlipidemia, alcohol consumption, hypertension, 
metabolic syndrome, ulcerative colitis, and a family 
history of CRC were key risk factors for EO-CRC [3].  

Peripheral nerve invasion (PNI) is a mode of 
malignant tumor spread defined by the presence of 
cancer cells within or surrounding nerves [4], typically 
involving more than 33% of the area around the nerves 
or infiltrating the nerve sheath [5]. Similar to invasion 
of blood vessels and lymphatic vessels, PNI may lead to 
reduced survival time and increased risk of local 
recurrence [6]. The incidence of PNI in CRC patients 
varies widely, typically ranging from 9% to 33%, with 

positive PNI results often indicating a tendency for 
rapid disease progression [7]. According to the Chinese 
Society of Clinical Oncology (CSCO) Diagnosis and 
Treatment Guidelines for Colorectal Cancer 2018, PNI, 
along with positive margins, poor differentiation, 
vascular invasion, T4 stage, and fewer than 12 lymph 
nodes examined, is considered a high-risk factor and an 
indication for chemotherapy in stage Ⅱ CRC patients 
[8].Positive PNI generally indicating a lower survival 
expectation [4]. The guidelines also mention that PNI is 
a reliable indicator for evaluating the efficacy of 
chemoradiotherapy [8]. The frequency of positive PNI 
in EO-CRC patients is often higher than in late-onset 
colorectal cancer (LO-CRC) patients [9], suggesting a 
stronger correlation between PNI and EO-CRC. 
Therefore, this study aimed to explore the impact of PNI 
on the prognosis of stage I to Ⅲ EO-CRC patients and 
to develop a corresponding nomogram prognostic 
model. 

1 Materials and Methods 

1.1 General Data 

A retrospective analysis was conducted on EO-
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CRC patients from the U.S. Surveillance, Epidemiology, 
and End Results (SEER) database from 2010 to 2015. 
In this study, EO-CRC was defined as colorectal cancer 
diagnosed in individuals aged ≤50 years old.  

Inclusion criteria: (1) colorectal cancer as the only 
primary cancer; (2) underwent surgical treatment; (3) 
AJCC staging at stage I–Ⅲ; (4) complete survival 
information.  

Exclusion criteria: (1) presence of distant 
metastases; (2) missing clinical pathological data.  

Colorectal cancer patients were identified using the 
International Classification of Diseases for Oncology, 
Third Edition (ICD-O-3) site codes (C18.0, C18.2-
C18.7, C19.9, and C20.9) and cancer staging schemes. 
After applying the inclusion and exclusion criteria, a 
total of 5,920 eligible patients were identified. Patient 
information for this study was obtained from the SEER 
database, a public database, so informed consent was 
not required. 

1.2 Study Variables 

The variables included in this study were age, 
gender, primary tumor location, maximum tumor 
diameter, tumor differentiation, T stage, N stage, 
carcinoembryonic antigen (CEA) level, PNI status, 
radiotherapy (none, received), chemotherapy, and 
overall survival time. Overall survival time is defined as 
the time from diagnosis to death from any cause (in 
months) or the duration of follow-up for any reason (in 
months). 

1.3 Statistical Methods 

Patients meeting the inclusion criteria were 
randomly divided into two groups in a ratio of 7:3: the 
training group (4,164 patients) and the validation group 
(1,756 patients). The training group was used for 
variable screening and model construction; the 
validation group was used to validate the results 
obtained from the training group. Count data were 
expressed as case (%). Chi-square tests were used to 
assess differences in baseline data between groups. 
Survival analysis was performed using the Kaplan-
Meier method, log-rank test, and Cox proportional 
hazards model. A two-step method was used to assess 
the relationship between baseline characteristics and 
survival time: first, univariate Cox regression analysis 
was conducted for all variables; second, variables with 
P<0.05 from univariate analysis were included in the 
multivariate Cox regression model. Significant 
variables from the training group were used to construct 
a nomogram model, which was then validated using the 
validation group. The nomogram model was created 
using R 4.3.2 and the identified significant variables. To 
assess the performance and predictive accuracy of the 
nomogram model, receiver operating characteristic 
(ROC) curve analysis was performed. A larger area 

under the ROC curve (AUC) indicates higher predictive 
accuracy. Additionally, calibration curves for 3-year and 
5-year prognosis were plotted to compare predicted 
overall survival (OS) with actual observed OS. Finally, 
decision curve analysis (DCA) was used to evaluate the 
clinical utility of the nomogram. Statistical analyses 
were performed using IBM SPSS Statistics Version 21.0 
and R 4.3.2, with all tests two-tailed and P<0.05 
considered statistically significant. 

2 Results 

2.1 Demographic and Pathological Characteristics 

A total of 5,920 patients were included in the study, 
with a nearly equal number of male (52.1%, 3,086/5,920) 
and female (47.9%, 2,834/5,920) patients. The primary 
tumor was most commonly located in the left colon 
(72.4%, 4,289/5,920), with the majority of tumors being 
high-/moderate-differentiated (84.0%, 4,971/5,920). 
Some patients had significantly elevated CEA levels 
(32.2%, 1,904/5,920), and most tumors had a 
diameter≤5 cm (63.1%, 3,733/5,920). Patients were 
randomly assigned to the training group (n=4,164) and 
the validation group (n=1,756). The demographic and 
clinical pathological characteristics of the patients are 
shown in Table 1. PNI-positive patients accounted for 
14.4% (n=600) in the training group and 13.2% (n=232) 
in the validation group, while PNI-negative patients 
accounted for 85.6% (n=3,564) and 86.8% (n=1,524), 
respectively. In the training group, there were 
statistically significant differences between PNI-
negative and PNI-positive patients in multiple 
indicators (P&lt;0.05), including age, tumor primary 
site, tumor differentiation, T stage, N stage, CEA level, 
chemotherapy, and radiotherapy. Similar results were 
observed in the validation group, except for age 
(P=0.14) and radiotherapy (P=0.86). 

2.2 Univariate and Multivariate Cox Regression 
Analysis 

In univariate analysis, PNI is a significant variable 
affecting patient survival prognosis (P<0.05), along 
with other variables such as sex, tumor differentiation, 
T stage, N stage, radiotherapy, chemotherapy, CEA 
levels, and maximum tumor diameter. Incorporating 
significant variables into the Cox multivariate survival 
analysis revealed that tumor differentiation, T stage, N 
stage, CEA levels, chemotherapy, radiotherapy, and PNI 
status were independent prognostic indicators [Table 2]. 
Kaplan-Meier survival curves and log-rank tests were 
used to evaluate the impact of PNI status on prognosis 
[Figure 1]. The survival curves show that the survival 
outcome for the PNI-positive group is significantly 
worse than that of the PNI-negative group (HR=2.63, 
95%CI: 2.21–3.13). 
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Tab.1 Basic characteristics of PNI positive group and PNI negative group [case ( % )] 

Characteristic 

Training group (n=4 164) Verification group (n=1 756) 
PNI positive 

group 
(n=600) 

PNI negative 
group 

(n=3 564) 

χ² 
value 

P 
value 

PNI positive 
group 

(n=232) 

PNI negative 
group 

(n=1 524) 

χ² 
value 

P 
value 

Age   14.27 0.01   5.49 0.14 
11-20 years 2(0.3) 4(0.1)   0 4(0.3)   
21-30 years 39(6.5) 130(3.6)   14(6.0) 51(3.3)   
31-40 years 128(21.3) 701(19.7)   54(23.3) 323(21.2)   
41-50 years 431(71.8) 2,729(76.6)   164(70.7) 1,146(75.2)   

Gender   0.29 0.59   3.62 0.06 
Male 305(50.8) 1,854(52.0)   109(47.0) 818(53.7)   
Female 295(49.2) 1,710(48.0)   123(53.0) 706(46.3)   

Site   5.73 0.01   6.10 0.01 
Right 137(22.8) 983(27.6)   52(22.4) 459(30.1)   
Left 463(77.2) 2 581(72.4)   180(77.6) 1065(69.9)   

Differentiation   41.85 <0.01   20.77 <0.01 
High/moderately 448(74.7) 3,037(85.2)   173(74.6) 1,313(86.2)   
Low/Un 152(25.3) 527(14.8)   59(25.4) 211(13.8)   

T stage   129.12 <0.01   50.87 <0.01 
T1-2 28(4.7) 914(25.6)   13(5.6) 414(27.2)   
T3-4 572(95.3) 2,650(74.4)   219(94.4) 1,110(72.8)   

N stage   272.59 <0.01   136.19 <0.01 
N0 125(20.8) 1,878 (52.7)   40(17.2) 814(53.4)   
N1 250(41.7) 1,169(32.8)   99(42.7) 492(32.3)   
N2 225(37.5) 517(14.5)   93(40.1) 218(14.3)   

CEA level   52.48 <0.01   19.87 <0.01 
Normal 328(54.7) 2,482(69.6)   130(56.0) 1,076(70.6)   
Ascend 272(45.3) 1,082(30.4)   102(44.0) 448(29.4)   

Chemotherapy   109.16 <0.01   52.09 <0.01 
Unaccepted 94(15.7) 1,339(37.6)   34(14.7) 595(39.0)   
Accepted 506(84.3) 2,225(62.4)   198(85.3) 929(61.0)   

Radiation therapy   4.10 0.04   0.03 0.86 
Unaccepted 430(71.7) 2,692(75.5)   176(75.9) 1,164(76.4)   
Accepted 170(28.3) 872(24.5)   56(24.1) 360(23.6)   

Maximum diameter of 
tumor   2.64 0.10   1.89 0.17 

≤5 cm 398(66.3) 2,241(62.9)   154(66.4) 940(61.7)   
>5 cm 202(33.7) 1,323(37.1)   78(33.6) 584(38.3)   

 

2.3 Construction of Prognostic Nomogram 

The nomogram model including significant 
variables (including PNI) from the multivariate analysis 
was seen in Figure 2. The nomogram method involved 
mapping patients' specific variable data to 
corresponding score points on the model, finding the 
score value for each variable on the score line above, 
and summing the scores of all relevant variables to 
obtain a total score. This total score could then be used 
to directly find the predicted 3-year and 5-year overall 
survival probabilities at the bottom of the nomogram. 

2.4 Validation of the Nomogram Model 

In both the training and validation groups, the 

AUC for 3-year and 5-year survival exceeded 0.7 
[Figure 3]. Calibration curves revealed that the model's 
predicted survival probabilities were highly consistent 
with observed survival outcomes in both the training 
and validation groups [Figure 4]. The DCA plot showed 
two standard lines representing two extreme situations, 
where the slanted line (All) represents all factors being 
positive, and the horizontal line (None) represents all 
factors being negative. Results suggested that the 
nomogram provides clinical net benefit and practicality 
for predicting 3-year and 5-year OS in EO-CRC patients 
in the training group, but in the validation group, the 
curves are close to the highest clinical cost threshold 
line, indicating moderate clinical net benefit [Figure 5]. 
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Tab.2 Cox univariate and multivariate regression analysis of 

EO-CRC patients in stage I-III training group 

Characteristic 
Univariate analysis Multivariant analysis 

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

value 
Age  0.62   

11-20 years 1.00    
21-30 years 0.42(0.10-1.76) 0.23   
31-40 years 0.39(0.09-1.60) 0.19   
41-50 years 0.39(0.09-1.58) 0.19   

Gender     
Male 1.00  1.00  
Female 0.85(0.73-0.99) <0.05 0.92(0.78-1.07) 0.28 

Site     
Right 1.00    
Left 1.04(0.87-1.24) 0.69   

Differentiation     
High/moderate 1.00  1.00  
Low/Un 1.91(1.60-2.28) <0.01 1.59(1.33-1.91) <0.01 

T stage     
T1-T2 1.00  1.00  
T3-T4 2.64(2.06-3.39) <0.01 1.67(1.15-2.45) 0.01 

N stage     
N0 1.00  1.00  
N1 2.23(1.84-2.70) <0.01 2.06(1.65-2.57) <0.01 
N2 3.96(3.24-4.85) <0.01 3.12(2.47-3.96) <0.01 

CEA level     
Normal 1.00  1.00  
Ascend 1.86(1.59-2.18) <0.01 1.49(1.28-1.75) <0.01 

PNI     
Negative 1.00  1.00  
Positive 2.60(2.19-3.09) <0.01 1.73(1.44-2.08) <0.01 

Chemotherapy     
Unaccepted 1.00  1.00  
Accepted 1.79(1.49-2.15) <0.01 0.70(0.55-0.88) 0.01 

Radiation therapy     
Unaccepted 1.000  1.00  
Accepted 1.49(1.26-1.75) <0.01 1.41(1.18-1.69) <0.01 

Maximum tumor 
diameter     

≤5 cm 1.00  1.00  
>5 cm 1.23(1.05-1.44) 0.01 1.08(0.92-1.27) 0.38 

 

 

Fig. 1 Kaplan-Meier survival curves of PNI-positive and PNI-
negative in training group 

 
Fig. 2 A nomogram model for predicting 3-year and 5-year OS 

of stage Ⅰ-Ⅲ EO-CRC 

 

 

 

Note: A is training group; B is verification group. 

Fig. 3 ROC curves of training group and verification group 
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Note: A and B are the calibration curves of 3-year and 5-year OS 
for EO-CRC patients in the training group; C and D are the calibration 
curve for the 3-year and 5-year OS of EO-CRC patients in the validation 
group. The gray line represents the ideal reference line, where the 
predicted probability will match the observed survival rate. The red dots 
represent the performance of the column chart. The closer the red solid 
line is to the gray line, the more accurate the model's prediction of 
survival rate. 

Fig. 4 Calibration curve of the nomogram 

\ 

 

Note: A was the 3-year and 5-year DCA of the training 
group column chart; B was the 3-year and 5-year DCA for the 
validation group column chart. 

Fig. 5 DCA of the nomogram 

3 Discussion 

EO-CRC is often diagnosed at a later stage with 
poorer tumor differentiation and predominantly affects 
the left colon [1]. The result of this study indicated that 
age, gender, and primary tumor site did not significantly 
affect the prognosis of EO-CRC patients, which was 
similar to the conclusion of Wang et al. [10]. But some 
research suggested that younger patients might have 
similar or even better prognosis compared to older 
patients [11]. Differences in study populations, such as 
racial background, customs, and lifestyle, may account 
for these variations. Some studies revealed that non-
Hispanic Black and Hispanic individuals were more 
prone to EO-CRC, with non-Hispanic Black patients 
showed significant differences in clinical pathological 
features [12]. This study also found that T stage, N stage, 
tumor differentiation, CEA levels, PNI status, and 
radiotherapy and chemotherapy significantly impacted 
prognosis. The conclusion was consistent with previous 
research [13-14], that high AJCC stage, poorly 
differentiated tumors, and high CEA levels were 
considered risk factors for poor prognosis in EO-CRC. 

PNI is considered an indicator of local tumor 
progression and a form of metastasis, observed in 
various cancers, including head and neck, pancreatic, 
prostate, bile duct, stomach, and colorectal cancers [6]. 
In this study, PNI-positive patients had more primary 
tumors located in the left colon, with lower tumor 
differentiation, predominantly poorly differentiated or 
undifferentiated types. PNI-positive patients were more 
frequently in T3–T4 stages and had higher CEA levels. 
Most PNI-positive patients received chemotherapy. 
Some studies have pointed out that PNI was closely 
related to tumor differentiation and AJCC staging [15]. 
PNI is an independent prognostic risk factor for CRC, 
particularly for EO-CRC [16]. This study confirmed 
similar findings, with Kaplan-Meier survival curves and 
Cox regression models validating PNI's prognostic 
value in stage I–Ⅲ EO-CRC, showing a significantly 
increased risk of mortality in PNI-positive patients. 

This study constructed a PNI-based nomogram to 
predict OS in stage I–Ⅲ EO-CRC patients. This model 
included seven variables: tumor differentiation, T stage, 
N stage, CEA levels, PNI status, chemotherapy, and 
radiotherapy. We found that poorly differentiated 
tumors, high T and N stages, high CEA levels, PNI 
positivity, and receiving radiotherapy were associated 
with poorer survival outcomes, while receiving 
chemotherapy was associated with better survival 
outcomes. ROC curve analysis shows high accuracy for 
predicting 3-year and 5-year OS (AUC>0.7). DCA 
demonstrated significant clinical benefit from the 
nomogram model. 

However, this study has limitations: first, the 
SEER database may have differences in race, region, 
lifestyle, and health beliefs compared to Asian patients. 
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Second, the SEER database lacks detailed information 
on individual patient radiotherapy and chemotherapy, 
which may necessitate reliance on other clinical trials or 
studies for specific interventions or treatment effects. 

In summary, PNI shows potential as a prognostic 
marker in stage I–Ⅲ EO-CRC patients and can serve as 
an independent prognostic indicator. The PNI-based 
nomogram model is a valuable tool for quantifying 
prognosis in EO-CRC patients. 
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