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Objective: The aim of this study was to develop a nomogram-based model to predict the
three-year and five-year overall survival (OS) of patients with stage II/IIl colon cancer
following radical resection.

Methods: A total of 1156 patients with stage II/III colon cancer who underwent radical
Affiliated Hospital
December 2012 and December 2018 were enrolled. Lasso regression was used to screen

resection at the of Guizhou Medical University between
out 12 variables: age, prealbumin, albumin, degree of differentiation, total tumor-node-
metastasis (TNM) stage, T stage, N stage, prognostic nutritional index (PNI), platelet/
lymphocyte count, carcinoembryonic antigen, carbohydrate antigen 19-9 (CA19-9), and
postoperative adjuvant chemotherapy. The data set was then randomly split into
a modeling set and a validation set, and the bootstrap method was used to verify the
internal validity of the final model. A nomogram was then used to present the model,
and the risk groups were categorized according to the total score in the
nomogram.

Results: This study established and developed a simple, easy-to-use predictive model that
included age, degree of differentiation, N stage, CA19-9, PNI, and postoperative chemother-
apy as variables. In the multivariate Cox regression analysis, only postoperative chemother-
apy was identified as an independent risk factor for death in patients with colon cancer. The
receiver operating characteristic curve showed that the model demonstrated good resolution,
with an area under the curve of 0.803. Decision curve analysis indicated that the model had
a good positive net gain, and the bootstrap method was used to verify its stability. In the OS
rate, the C-index was 0.78. According to the total score of the nomogram, the risk group was
layered by drawing the Kaplan—Meier (K-M) curve. In the three-year OS K—M curve, the
survival rates of the low-risk group, the medium-risk group, and the high-risk group were
96%, 93%, and 82%, respectively. In the five-year OS K—M curve, the survival rates of the
low-risk group, the medium-risk group, and the high-risk group were 94%, 90%, and 73%,
respectively.

Conclusion: The nomogram-based prediction model developed in this study is stable
and has good resolution, reliability, and net gain. It will therefore be useful for
clinicians performing risk stratification and postoperative monitoring and in the devel-
opment of personalized treatment options for patients with stage II/IIl colon
cancer.
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Introduction
Colon cancer is one of the most common malignant
tumors worldwide, causing approximately 900,000 deaths
every year.' In China, with the continuous increase in the
population base, the growth of population aging, and mod-
ern lifestyle changes, the incidence of colon cancer is also
increasing every year.” At present, surgical resection is
the most common treatment for colon cancer, especially
for patients without distant metastases.*
Tumor-node-metastasis (TNM) cancer staging, devel-
oped by the American Joint Commission on Cancer, is the
main criterion for developing strategies for the treatment
of colon cancer and is also used in prognostic risk strati-
fication. However, this system only takes into account the
morphological characteristics of the tumor, not the biolo-
gical characteristics. A large number of clinical studies
have found that even in patients with the same TNM
stage, the prognosis is not always the same,® especially
in cases of stage II/III colon cancer.” Previous research has
found that locally advanced colon cancer accounts for
around 70% of all colon cancer cases,® and the five-year
survival rate for patients with stage IIla and stage IIb colon
cancer is 83.4% and 72.2%, respectively. This indicates
that, when patients are subjected to prognostic risk strati-
fication, biological characteristics should be considered in
addition to the morphological characteristics of the tumor.
Previous studies on colon cancer have considered other
factors that are associated with prognosis, such as clinico-
pathological features, inflammatory indicators, carcinoem-
bryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-9),
nutritional indicators, albumin, hemoglobin, prognostic nutri-
(PNI), and
chemotherapy.” "> In addition, some genes or molecules,

tional  index postoperative  adjuvant
such as the Kirsten rat sarcoma virus gene, adenomatous
polyposis coli gene, pS3 gene, and the CD44 antigen have
been identified as prognostic indicators for patients with colon
cancer.'*'®> Chromosome instability and CpG island methyla-
tion phenotype are also widely accepted as biomarkers for
metastatic risk and prognostic analysis.'® However, these
detection and judgment methods not only cause trauma to
patients but are also very expensive. At present, the establish-
ment of a prognostic prediction model for colorectal cancer
patients is still an area of interest. Valentini et al'” developed
a nomogram based on five European clinical trials in order to
predict the recurrence, long-distance conversion, and overall
survival (OS) of patients with locally advanced rectal cancer.

The nomogram provides an accurate prediction of stage II/I11

rectal cancer and is the most reliable tool for prognosis.
However, it is limited to Western locally advanced rectal
cancer patients who have undergone neoadjuvant radiotherapy
and chemotherapy prior to surgery.

This study aimed to establish a prognostic prediction
model for colon cancer using clinical, pathological, biolo-
gical, and morphological characteristics drawn from
a single-center retrospective cohort patient data base. The
findings of this study will offer clinicians assistance in
early risk stratification and allow them to make clinical
decisions to improve the survival rate of patients with
stage 1I/III colon cancer.

Materials and Methods

Subjects

A total of 1175 patients with stage II/III colon cancer who
underwent radical resection in the Affiliated Hospital of
Guizhou Medical University between December 2012 to
December 2018 were screened. Staging criteria were based
on the eighth edition of the American Cancer Federation’s
TNM staging system for colon cancer.

Follow-Up Criteria

Patients were followed up every three months after surgery
or chemoradiotherapy. The follow-up methods involved
inpatient and outpatient visits, and the follow-up examina-
tions included computed tomography of the chest and
abdomen, colonoscopy, tumor markers, and routine bloods
including biochemistry, along with the patient’s symptoms
The final
December 2019. The median follow-up period was 54
months (12—68 months).

and signs. follow-up took place in

Inclusion and Exclusion Criteria
Inclusion criteria: (1) patients who underwent surgical
resection for colon cancer, (2) a postoperative pathological
diagnosis of colon adenocarcinoma, (3) a postoperative
classification of stage II/IIl cancer, (4) no distant metas-
tases, and (5) no clinical infection.

Exclusion criteria: (1) patients who received neoadju-
vant chemotherapy or radiotherapy, (2) an infectious dis-
ease or fever with other signs of infection in the three
weeks prior to surgery, (3) hematological or immune sys-
tem diseases, (4) other malignant tumors, (5) serious com-
plications or death occurring during the perioperative
period, and (6) no follow-up records, or a follow-up period
of less than six months.
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Based on the inclusion and exclusion criteria, 19
patients were excluded from the study: 10 had received
neoadjuvant radiotherapy or chemotherapy and 9 either
did not complete follow-up or had a follow-up period of
less than six months. The remaining 1156 patients were
enrolled in the modeling (Figure 1). As this study was
a retrospective cohort study, data were anonymized and
informed consent was not required.

Patient Characteristics

Table 1 shows the baseline characteristics of all 1156
patients (modeling set: n = 1035; validation set: n =
121). Among these patients, 121 died during follow-up,
with a mortality rate of 10.47%. In the modeling set, the
mean age at diagnosis was 58.44 + 13.00 years, and 701
patients (60.64%) were male. Operative pathological
results indicated that there were 892 cases (86.18%) in
either the high-or medium differentiation type and 143
cases (13.82%) in the low differentiation type in the mod-
eling set. In both the modeling set and the validation set,
the majority of patients were in the T3 stage. In the
modeling set, staging was as follows: T3 = 8§17
(83.20%), T4 = 165 (16.80%), NO = 528 (51.01%), N1 =
371 (35.85%), and N2 = 136 (13.14%). Most patients
underwent postoperative adjuvant chemotherapy, with
818 (79.03%) in the modeling set doing so. The mean +
standard deviation for the PNI and CA19-9 were 48.73 +
6.60 and 3.40 + 1.68, respectively.

Patients with stage Il/lll colon cancer
after radical operation (n=1175)

Data Collection

The predictors for the study were selected a priori based
on clinical experience and on previous research that had
tested predictors for colon cancer survival. Twenty vari-
ables, split into two categories, continuous variables and
categorical variables, were collected for the development
of the model.

1. Continuous variables were age, hemoglobin, preal-
bumin, total protein, albumin, tumor markers
CA19-9 and CEA, and PNI, along with five hema-
tological inflammation response markers: systemic
immune inflammation index (SII), neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio  (PLR), ratio
(MLR), and lymphocyte-to-monocyte ratio (LMR).

2. Categorical variables were gender, tumor loca-

monocyte-to-lymphocyte

tion, degree of differentiation, T stage, N stage,
TNM stage, and postoperative adjuvant che-
motherapy. As the SII, CEA, CA19-9, PLR,
NLR, LMR, and MLR variables had skewed dis-
tributions log2 conversions were performed. The
above blood biochemical indices, including nutri-
tional indicators, inflammatory indicators, and
tumor markers were tested one week prior to
surgical resection, and all patients underwent
standard radical resection under standard general
anesthesia.

Exclude patients undergoing

>
<

A

preoperative neoadjuvant
chemoradiation (n=10)

Eligible patients with stage II/lll colon
cancer (n=1165)

Exclude patiants who were lost to

follow-up or were followed up for less

v than 6 months  (n=9)
Eligible patients with stage II/lll colon
cancer (n=1156)
Figure | Flow chart of the data selection process.
Cancer Management and Research 2022:14 https: 227

Dove:


https://www.dovepress.com
https://www.dovepress.com

Ren et al

Dove

Table | Baseline Characteristics of Participants

Outcome Survival Non-Survival P-value
N 1035 121

Age, year, meantsd 58.44 + 13.00 62.32 + 15.70 0.002
Albumin, g/L, meantsd 40.78 + 4.66 38.99 + 494 <0.001
Prealbumin, mg/L, meanzsd 201.14 £ 61.10 182.05 + 61.29 0.001
Total protein, g/L, meantsd 66.75 + 6.72 65.63 + 7.21 0.085
Hemoglobin, g/L, meantsd 125.41 + 24.49 121.55 £ 22.22 0.098
PNI, meantsd 48.73 £ 6.60 45.94 + 6.34 <0.001
CA-199*, U/mL, meantsd 340 £+ 1.68 3.93 £ 2.00 0.001
CEA¥*, U/mL, meantsd 1.46 + 2.08 2.16 £ 231 <0.001
NLR*, meantsd 1.39 £ 0.91 1.60 = 1.21 0.021
PLR*, meanztsd 7.28 £ 0.72 7.46 £ 0.92 0.010
LMR*, meanzsd 1.81 +0.74 1.66 £ 0.87 0.044
MLR*, meanzsd —1.81 £ 0.74 —1.66 + 0.87 0.044
SIP¥, meanztsd 9.22 + 1.09 9.39 + 1.40 0.108
Gender; N, % 0.210
Male 634 (61.26%) 67 (55.37%)

Female 401 (38.74%) 54 (44.63%)

Location, N, % 0.022
Left 571 (55.17%) 72 (59.50%)

Right 464 (44.83%) 49 (40.50%)

Differentiation, N, % 0.006
Highly/moderately 892 (86.18%) 93 (76.86%)

Poorly 143 (13.82%) 28 (23.14%)

N stage, N, % <0.001
NO 528 (51.01%) 28 (23.14%)

NI 371 (35.85%) 47 (38.84%)

N2 136 (13.14%) 46 (38.02%)

TNM stage, N, % <0.001
Il 520 (50.24%) 25 (20.66%)

i 515 (49.76%) 96 (79.34%)

T stage, N, % 0.409
T3 817 (83.20%) 100 (86.21%)

T4 165 (16.80%) 16 (13.79%)

Postoperative chemotherapy, N, % <0.001
Yes 818 (79.03%) 64 (52.89%)

No 217 (20.97%) 57 (47.11%)

Notes: The * in the table indicates that the variable is a skewed distribution, and we have performed log2 transformation on it, that is, log2 transform.
Abbreviations: NLR, neutrophil count/lymphocyte count; MLR, monocyte count/lymphocyte count; LMR, lymphocyte count/monocyte count; PLR, platelet count/
lymphocyte count; SlI, system immune inflammation index; PNI, prognostic nutritional index.

SII calculation formula: platelet count x neutrophil

count/lymphocyte count (x 10°/L).

PNI counting formula: serum albumin value (g/L) + 5

x lymphocyte count (x 10°/L).

Model Establishment and Validation

As the incidence of events in this study was low, and in an

effort to improve the events per variable (EPV) and thus

avoid over-fitting, the selected modeling method generally
followed the guidance outlined in the 2016 British Medical
Journal publication “How to develop a more accurate risk

prediction model when there are few events.”'®

Preparation for Model Development
Lasso regression can reduce the dimension of the predic-
tors by penalty function, thus streamlining the model, and
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was used to screen the predictors included in this study.
After screening, a total of 12 variables were included in
the model: age, prealbumin, albumin, degree of differen-
tiation, N stage, T stage, TNM stage, PNI, PLR, CEA,
CA19-9, and postoperative adjuvant chemotherapy.

Model Development and Validation

The study used random split-sample development and
undertook validation using random segmentation internal
validation; Type 2a in the Transparent Reporting of
Prediction Model for
Prognosis or Diagnosis guidelines. First, the entire dataset

a  Multivariable Individual
was randomly split, with 75% as the modeling dataset and
25% as the validation dataset. The Cox regression model
algorithm was then used to construct three models: (1)
a full model, in which all 12 variables were used in the
construction of the model, (2) an Akaike information
criterion (AIC)-stepwise model, in which the variables
that remained after screening using the AIC criteria were
used, and (3) a multivariable fractional polynomial (MFP)
model. As the Cox model belongs to a generalized linear
equation, it can only assess linear relationships and not
those that are nonlinear. An MFP model was constructed
mainly based on sensitivity analysis to identify any differ-
ences between ordinary linear models, after considering
nonlinear relationships. If a difference was identified, this
indicated that the MFP model was required. If no differ-
ences were identified, this indicated that a possible non-
linear relationship would have no effect on the results.
Model performance was assessed using three indica-
tors: (1) the C-index, used to assess the resolution of the
models, (2) calibration curves, used to assess the relia-
bility of the models, and (3) decision curves, used to
The models
were then presented in nomogram form and applied to

assess the clinical value of the models.
clinical practice.

Risk Stratification Based on the New

Nomogram

To verify the independent discrimination ability of the
nomogram, the patients were organized into high-risk,
medium-risk, and low-risk groups based on total risk
score. The K-M method was used to generate survival
curves for the three risk groups.

Statistical Analysis
C-indices were calculated accurately, and calibration and
decision curves were drawn. In addition, survival curves

were drawn using the K—M method. Statistical analysis
was carried out using SPSS 22.0 (IBM, New York, USA),
R software (http://www.r-project.org), and EmpowerStats
software (www.empowerstats.com, X&Y  Solutions,
Boston, Massachusetts, USA), and P < 0.05 was consid-
ered statistically significant.

Results
Risk Factors for Stage Il/lll Colon Cancer

Univariate and multivariate Cox regression analysis were
performed on the 12 variables screened by Lasso regres-
sion, the results of which are shown in Table 2. The results
of the univariate analysis showed that age, low differentia-
tion, TNM stage III, PLR*, CEA*, CA19-9*, and no post-
operative chemotherapy were positively correlated with the
risk of death, and the risk of death in patients with lymph
node metastases was higher than that in NO patients. Both
the PNI and albumin, known to be markers of nutrition,
were found to be negatively associated with the risk of
death. Only postoperative chemotherapy was found to be
an independent risk factor for colon cancer death in the
multivariate regression analysis (hazard ratio: 3.59; 95%
confidence interval (CI): 2.44-5.28; P < 0.0001).

The Establishment of the Nomogram
Three Cox regression models were constructed: the full
model, the AIC-stepwise model, and the MFP model. The
full model included 12 variables: demographic (age), patho-
logical (degree of differentiation, T stage, N stage and
TNM stage), nutrition index (prealbumin, albumin, and the
PNI), inflammation index (PLR), tumor markers (CEA,
CA19-9), and postoperative chemotherapy. In the AIC-
stepwise model, the C-index was 0.77 (95% CI: 0.72-0.81)
and the area under the curve (AUC) was 0.803. In the full
model, the C-index was 0.78 (95% CI: 0.74-0.82) and the
AUC was 0.814. In the MFP model, the C-index was 0.75
(95% CI: 0.75-0.83) and the AUC was 0.810. As shown in
Figure 2, the model resolution of the three models is nearly
identical. Furthermore, the MFP model showed that non-
linear relationships would have no effect on the results and
consequently, the more streamlined AIC-stepwise model
was chosen.

Evaluation of the Reliability of the
AIC-Stepwise Model

The performance of the AIC-stepwise model was eval-
uvated using a calibration curve, and the predicted
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Table 2 Results of Univariate and Multivariate Cox Regression Model

Exposure Univariate HR, 95% CI, P value Multivariate HR, 95% CI, P value
Age 1.03 (1.01, 1.04) 0.0012 1.01 (0.99, 1.03) 0.2298
Albumin 0.93 (0.90, 0.97) 0.0006 0.97 (0.90, 1.06) 0.5329
Prealbumin 1.00 (0.99, 1.00) 0.0022 1.00 (0.99, 1.00) 0.4383
CAI19-9% 1.17 (1.06, 1.30) 0.0025 1.10 (0.98, 1.23) 0.1007
CEA* 1.16 (1.06, 1.27) 0.0008 1.07 (0.98, 1.18) 0.1431
PNI* 0.94 (0.91, 0.97) 0.0001 1.00 (0.94, 1.06) 0.9243
PLR* 1.47 (1.16, 1.84) 0.001 | 1.19 (0.88, 1.62) 0.2555
T stage

T3 1.0 1.0

T4 0.55 (0.31, 0.99) 0.0452 0.56 (0.31, 1.00) 0.0515
N stage

NO 1.0 1.0

NI 1.85 (1.13, 3.01) 0.0144 0.58 (0.18, 1.88) 0.3630

N2 4.81 (2.95, 7.84) <0.0001 1.80 (0.56, 5.82) 0.3234
TNM stage

Il 1.0 1.0

1] 2.99 (1.89, 4.71) <0.0001 3.26 (0.99, 10.79) 0.0528
Differentiation

Highly/moderately 1.0 1.0

Poorly 1.70 (1.09, 2.67) 0.0202 1.31 (0.82, 2.12) 0.2612
Postoperative chemotherapy

Yes 1.0 1.0

No 3.59 (2.44, 5.28) <0.0001 2.69 (1.71, 4.25) <0.0001

probability was divided into 10 sets in order to deter-
mine whether the actual observed probability was the

same as the predicted probability. The results are shown

in Figure 3.

Evaluation of the Clinical Value of the
AIC-Stepwise Model

The AIC-stepwise model represents the expected net gain

for each patient as predicted by the nomogram. The

ROC curves D set

ROC curves V set
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Figure 2 The model resolution of the three models in the modeling set. (A) The modeling set; (B) The verification set, and AUC represents the area under the ROC curve.
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Figure 3 Calibration for AIC-stepwise model. (A) Predicting the calibration curve of the patient’s 3-year overall survival; (B) Predicting the calibration curve of the patient’s

5-year overall survival.

decision curve AIC-stepwise model analysis showed that
the prediction model had a good positive net gain, with
a threshold probability of 0.1-0.5, indicating that it has
good potential as a clinical application (see Figure 4).

Internal Validation of the Model
Random segmentation was used in this study, and 25% of
the data were used for verification. The bootstrap method
was used to verify the final model. The basic principle was
to replace the original data set (individually) with 1000
repeated samplings using a computer. The process was to
randomly select samples with repeated replacements to
form a new sample group, calculate model parameter
values, and then compare them with the final model to
verify the stability and accuracy of the developed model.
As shown in Figure 2, the internal verification of the
model in this study indicated that the results were stable
and showed good fit and potential clinical benefits.

77 B
— AICMODEL

Al
— None

Standardized Net Benefit

r T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0
High Risk Threshold

Figure 4 The clinical decision curves of the three models basically coincide.

The Presentation of the Model Using

a Nomogram

After considering resolution, calibration, and clinical
value, the AIC-stepwise model was selected as the final
model. A line diagram was used to present the model and
facilitate its clinical application. The three-year and five-
year OS rates of patients with stage II/III colon cancer
were then mapped (see Figure 5). The principle of the
nomogram is that patient variables are substituted into
the corresponding points of the model, the score on the
corresponding top horizontal line is the variable score, the
sum of all variable scores is the total score for the patient,
and the total score corresponds to the three-year and five-
year OS probabilities.

Risk Stratification Projections

To investigate the effectiveness of this nomogram, the
patients in the OS cohort were categorized into either
a low-risk, medium-risk, or high-risk group based on the
total line map score, with each group representing
a different prognosis. The K-M survival curve was then
plotted, as shown in Figure 6. On the three-year OS curve,
the OS in the low-risk, medium-risk, and high-risk groups
was 96%, 93%, and 82%, respectively. On the five-year
OS curve, the OS in the low-risk, medium-risk, and high-
risk groups was 94%, 90%, and 73%, respectively. All
curves were statistically different. The risk stratifications
of patients with three-year and five-year OS are shown in
Figure 5A and B, respectively.

Discussion

This study established a predictive model for predicting
survival in patients with stage II/III colon cancer using
data from a single-center cohort. Considering the accuracy
and applicability of the model, an objective, economical,
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Figure 5 Nomogram for predicting 3 years (A) and 5 years (B) overall survival of patients in stage Il/lll colon cancer. In N stage, 0 means NO, | means N1, 2 means N2; in
differentiation, | means high/medium differentiation, 2 means low differentiation; in postoperative chemotherapy, | means that postoperative chemotherapy has been

performed, 2 means no postoperative chemotherapy.
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Figure 6 Draw the Kaplan-Meier curve of risk group stratification for overall survival. (A) In the 3-year overall survival Kaplan-Meier curve: 96% overall survival in the low-
risk group, 93% overall survival in the middle-risk group, 82% overall survival in the high-risk group; (B) In the 5-year overall survival Kaplan-Meier curve: 94% overall survival
in the low-risk group, 90% overall survival in the middle-risk group, 73% overall survival in the high-risk group; all curves show statistical differences. The blue line indicates

low risk, the green line indicates medium risk, the red line indicates high risk.

and clinically accessible series of relevant variables were
selected for analysis, with six factors eventually being
integrated into the prediction model. The final model
included six variables: age, CA19-9, PNI, N stage, degree
of differentiation, and postoperative chemotherapy.
Previous studies have shown that age is an independent
prognostic factor in patients with colon cancer and that
younger patients have a better prognosis.'® Tumor markers
(substances expressed and released during tumorigenesis
and development) indirectly provide information about
tumor biology, indicating relative tumor load and biological
invasiveness.”” CEA and CA19-9 are two such laboratory
markers and as a result of their convenience of use and cost
effectiveness, they are widely used in the early diagnosis
and prognostic evaluation of colon cancer.?'** In colon
cancer, patients often experience malnutrition because it
develops slowly, and the incidence can be as high as
31.0%.%° Peng et al*® and Zhou et al’’ discussed the

evaluation of prognosis in patients with colorectal cancer
using the PNI. Their results indicated that the PNI is another
important predictor of survival following radical resection
of colorectal cancer. Previous related studies have shown
that histological low differentiation is also associated with
poor prognosis in patients with colon cancer.

The current guidelines of the National Comprehensive
Cancer Network and American Society of Clinical
Oncology state that patients with stage III and high-risk
stage II colon cancer following radical resection may
benefit from postoperative adjuvant chemotherapy,”® the
purpose of which is to eliminate small metastatic lesions
thereby reducing recurrence and metastasis rate and

1% also concluded

prolonging patient survival. Sanoff et a
that adjuvant chemotherapy in patients with colon cancer
has survival benefits.

A literature search on PubMed identified a model-

driven study on the prognosis of colon cancer. Previous
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similar studies have included one by Valentini et al,'” who
developed a well-known prediction model that demon-
strated a good C-index and used the largest data set from
clinical trials (n = 2795). However, this model is only
applicable to patients in Western countries with rectal
cancer who receive radiotherapy and chemotherapy, and
this treatment combination is not common in East Asian
countries. Kawai et al, Li et al, and Zhong et al**>? also
developed prognostic models for patients with colorectal
cancer, but their models were limited by their small sam-
ple sizes, insufficient C-indices, and limited target out-

comes. Wu et al and Zhang et al’***

published articles
about colon cancer prediction models using data from the
United States surveillance, epidemiology, and end results
program database. While the C-indices of these models
were between 0.62 and 0.75, most of the EPVs were not
mentioned. Previous research clearly shows that the prog-
nosis of colon cancer varies in different populations.
Therefore, the applicability of these models to the
Chinese population needs further verification.

In the present study, the C-index, calibration curves,
and decision curves were used to comprehensively evalu-
ate the final model for resolution, reliability, and clinical
application value. In addition, a nomogram was created for
use by clinicians. At the same time, the risk groups were
stratified according to total survival, and a series of results
showed that the prediction model was stable, with good
resolution, reliability, and net gain.

At the same time, the model developed in this research
provides a quantitative prognostic assessment for indivi-
dual patients. In this study, postoperative chemotherapy
was included in the construction of the prediction model,
and multi-impact analysis suggested that postoperative
chemotherapy is an independent prognostic factor for the
prognosis of stage II/III colon cancer. Therefore, compared
with radical surgery alone, our model can evaluate post-
operative The efficacy of adjuvant chemotherapy.

Example 1: two postoperative patients with stage II
colon cancer, both aged 60 years (approximately 8 points),
both with stage NO (0 points), PNI 40 (approximately 85
points), CA199 of 30 U/mL (30 points), and a high degree of
tissue differentiation (0 points). One patient received post-
operative chemotherapy (0 points), while the other patient
did not (25 points). According to the nomogram, these two
patients had three-year OS of 93% and 75% respectively,
and five-year OS was 86% and 65%, respectively.

Example 2: two postoperative patients with stage III
colon cancer, both aged 70 years (approximately 10 points),

both with stage N2 (33 points), PNI of 45 (approximately 80
points), CA199 of 30 U/mL (30 points), and well-
differentiated tumor cells (0 points). One patient received
postoperative chemotherapy (0 points), while the other
patient did not (25 points). The three-year OS of the patients
was 75% and 37%, respectively. The annual OS rates were
63% and 22%, respectively. Therefore, through the above
examples, doctors will be better able to formulate beneficial
individualized treatment and follow-up plans for patients
with different prognosis based on patient scores.

There are currently no other prediction models specifi-
cally designed for patients with colon cancer in stage II/I1I,
the stage with the most cases. Although the prognosis of stage
II/III colon cancer is better than that of stage IV, there are still
many limitations to its treatment. Therefore, this study has the
following advantages and clinical value: (1) it has, for the first
time, constructed a predictive model for patients with stage 11/
I colon cancer. This model will help clinicians to predict the
prognosis of patients with colon cancer and to guide clinical
treatment, (2) the indicators used in the final model are all
clinically accessible, supporting the ease of use and extensi-
bility of the model, and (3) the nomogram created for the
model presents the results clearly and accessibly.

However, this study does have some limitations: (1) no
external validation was performed so a multicenter external
validation of the model should be carried out in the future, (2)
although the penalty function was used to reduce dimensions
thereby improving the stability of the model by increasing
EPV, the EPV in the study was just under 20. Previous
literature shows that the risk of overfitting decreases signifi-
cantly when the EPV is higher than 30, making the model
more stable, (3) the predictions of the model constructed in
this study are only applicable to patients with stage II/III
colon cancer and cannot be used to assess the prognosis of
stage I or IV colon cancer and malignant tumors, (4) the
study excluded patients with preoperative infection, there-
fore, the application scenario of the constructed model is
limited and cannot be used for such patients, and (5) only
Chinese patients were included in this study, so external
validation will be required to determine whether the results
can be applied to foreign patients.

Conclusion

A model based on patient age, CA19-9, PNI, N stage,
degree of differentiation, postoperative chemotherapy,
and risk group stratification was successfully established
and validated. This model will help clinicians to quickly
and accurately assess the prognosis and survival of

2 3 4 https:
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patients with stage II/III colon cancer, and at the same time
identify high-risk groups and effectively develop corre-
sponding individualized postoperative treatment plans,
postoperative monitoring, and follow-up strategies.
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