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Predicting the risk of lymph node metastasis
in colon cancer: development and validation
of an online dynamic nomogram based

on multiple preoperative data
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Abstract

Background Predicting lymph node metastasis (LNM) in colon cancer (CC) is crucial to treatment decision-making
and prognosis. This study aimed to develop and validate a nomogram that estimates the risk of LNM in patients with
CC using multiple clinical data from patients before surgery.

Methods Clinicopathological data were collected from 412 CC patients who underwent Radical resection of CC.
The training cohort consisted of 300 cases, and the external validation cohort consisted of 112 cases. The LASSO and
multivariate logistic regression were used to select the predictors and construct the nomogram. The discrimination
and calibration of the nomogram were evaluated by the ROC curve and calibration curve, respectively. The clinical
application of the nomogram was assessed by decision curve analysis(DCA) and clinical impact curves(CIC).

Results Eight independent factors associated with LNM were identified by multivariate logistic analysis: LN status on
CT, tumor diameter on CT, differentiation, ulcer, intestinal obstruction, anemia, blood type, and neutrophil percentage.
The online dynamic nomogram model constructed by independent factors has good discrimination and consistency.
The AUC of 0.834(95% Cl: 0.755-0.855) in the training cohort, 0.872(95%Cl: 0.807-0.937) in the external validation
cohort, and Internal validation showed that the corrected C statistic was 0.810. The calibration curve of both the
training set and the external validation set indicated that the predicted outcome of the nomogram was highly
consistent with the actual outcome. The DCA and CIC indicate that the model has clinical practical value.

Conclusion Based on various simple parameters collected preoperatively, the online dynamic nomogram can
accurately predict LNM risk in CC patients. The high discriminative ability and significant improvement of NRI and IDI
indicate that the model has potential clinical application value.

Keywords Colonic neoplasms, Lymph node metastasis, Biomarkers, Nomograms, Probabilistic prediction model

fLonglian Deng and Lemuge Che contributed equally to this work
and shared first authorship.

*Correspondence:
Tenggi Wang
780720880@gg.com
Qiang Xu
xugiang6778@163.com

Full list of author information is available at the end of the article

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12876-025-03958-0&domain=pdf&date_stamp=2025-5-7

Deng et al. BMC Gastroenterology (2025) 25:350

Introduction

The global burden of colorectal cancer (CRC) is increas-
ing, and its incidence and mortality are rising obvi-
ously [1, 2]. As one of the significant metastatic ways of
colorectal cancer, lymph node metastasis (LNM) is one
of the critical factors leading to postoperative recur-
rence and death of patients [3]. In CRC patients without
distant metastases, lymph node metastasis has an essen-
tial impact on treatment decision-making and postop-
erative survival [4—6]. Surgery is the primary therapy for
advanced CRC, with adjuvant therapy determined by the
postoperative pathologic stage. There is still controversy
about whether postoperative adjuvant chemotherapy
should be given to patients with stage II. Still, the routine
use of adjuvant chemotherapy for patients with LNM-
positive stage III or IV is generally accepted [7]. There-
fore, Accurate preoperative prediction of LNM assists
clinicians in formulating postoperative adjuvant therapy
in advance and answering patients’ concerns regarding
prognostic survival before surgery, facilitating effective
communication between doctors and patients.

However, the accurate prediction of LNM before sur-
gery is a challenging problem. Currently, neither com-
puted tomography (CT) nor magnetic resonance imaging
(MRI) can effectively identify benign or malignant lymph
nodes, especially malignant lymph nodes in colon cancer
[8]. Previous studies have indicated that age, differentia-
tion, CEA, CA199, inflammatory markers, and histopath-
ological information correlate with LNM in CRC [9-13].
Wu and colleagues [14], and Xu and colleagues’ [9] pre-
dictive models based on preoperative indicators can
effectively predict LNM in CRC. However, the limitations
of these studies are as follows: (1) some histopathological
information was not available preoperatively. (2) the clin-
ical characteristics enrolled were inadequate and did not
consider patient symptoms, nutritional status, and endo-
scopic information, et al. (3) Most of these studies have
involved colorectal cancer, and there are few nomogram
prediction models for colon cancer (CC).

Therefore, the objective of this study was to com-
prehensively explore the performance of preoperative
clinical factors in predicting LNM in patients with CC,
including symptoms, nutritional status characteristics,
tumor markers, laboratory tests, endoscopy, and CT
examinations. Then, we constructed and externally vali-
dated a nomogram as a practical clinical tool to assist
physicians in predicting the risk of LNM in patients with
CC.

Methods

Patient population

This study was a multicenter, retrospective, observational
study. 300 CC patients who underwent radical surgery
for CC at Bayannur Hospital of Inner Mongolia Medical
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University from January 2016 to June 2022, and 112 colon
cancer patients who underwent radical surgery for CC at
The Second People’s Hospital of Neijiang from January
2023 to October 2024, participated in this study. Figure 1
shows the selection process of patients. Patients were
divided into LNM positive group (LNM(+)) and LNM
negative group(LNM (-)) based on postoperative patho-
logical findings. A training cohort of 300 patients from
Bayannur Hospital was used to construct the predic-
tion model, and 1000 times Bootstrapping method was
performed for internal validation. An external valida-
tion cohort comprised 112 CC patients from the second
People’s Hospital of Neijiang. This study was approved
by the Ethics Review Committee of Bayannur Hospital
(N0.2022111701). Patients’ informed consent was waived
Because this study was retrospective, and patients’ pri-
vacy and legal rights are fully protected. The inclusion
criteria were (1) Preoperative endoscopic pathological
examination was considered colon cancer; (2) completed
radical surgery for colon cancer; [3] Pathological exami-
nation of the surgical specimen confirmed colon cancer.
The exclusion criteria were (1) Preoperative neoadjuvant
chemotherapy; (2) Malignant tumor of the appendix; (3)
Presence of neoplastic disease at other sites; (4) Postop-
erative pathology reveals less than 12 lymph nodes; (5)
The pathological stage was IV; (6) Clinical and pathologi-
cal data were missing.

Data collection

Firstly, a researcher independently collects research data
from the hospital’s electronic medical record system. Two
investigators independently reviewed the clinicopatho-
logic data of all eligible patients. When there is a discrep-
ancy among the three data sets, the data is reported to
the project leader, who then retrieves and completes the
data from the electronic medical record system. Patient
demographics, disease characteristics, preoperative
blood biochemistry tests, abdominal enhancement CT
results, and colonoscopy and biopsy were collected from
the hospital’s electronic medical record system for sub-
sequent analysis. Our study complies with the require-
ments of the TRIPOD statement.

A total of 21 variables were obtained: age, gender, body
mass index (BMI), ethnicity (Han Chinese/other Chinese
ethnic groups), Intestinal obstruction (yes/no), anemia
(yes/no), ABO blood type, hypoproteinemia (yes/no),
platelet-lymphocyte ratio (PLR), neutrophil percentage,
preoperative carcinoembryonic antigen (pCEA), preop-
erative carbohydrate antigen 199 (pCA19-9), preopera-
tive Carbohydrate antigen 724 (pCA724), tumor location
(left /right colon), tumor surface ulceration (yes/no),
tumor morphological classification, degree of tumor dif-
ferentiation, histological classification, and T-stage, LN
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Fig. 1 Flow chart for screening research data

status (+/-) and tumor diameter in abdominal enhanced
CT.

The BMI, Percentage of neutrophil, pCEA, pCA19-
9, and pCA724 levels were classified with cut-off val-
ues of 24 kg/m2, 75%, 5 ng/ml, 37 U/ml, and 6.9 U/
ml, respectively. The cut-off values for PLR were calcu-
lated from the receiver operating characteristics (ROC)
curve (PLR=181). The ABO blood group system was
divided into four categories AB, A, B, or O. Endoscopic
data included tumor location, presence or absence of

ulceration on the tumor surface, tumor morphologic
classification, and tumor differentiation. Morphological
types were classified as mass, Ulcerative, and infiltra-
tive. Due to the small number of infiltrative, the infiltra-
tive and ulcerative types were classified as ulcerative/
infiltrative types to avoid a decrease in statistical test
efficacy. The degree of tumor differentiation was divided
into highly differentiated, moderately differentiated,
and low/undifferentiated groups. The histological types
of CC were classified as adenocarcinoma, mucinous



Deng et al. BMC Gastroenterology (2025) 25:350

adenocarcinoma/other. Preoperative T staging was clas-
sified as T1/T2, T3, and T4 according to preoperative
abdominal contrast-enhanced CT. Tumor size refers to
the maximum diameter of the tumor measured on CT.
Detailed definitions of positive lymph nodes and intes-
tinal obstruction are provided in the supplementary
materials.

Data cleaning

Data cleaning includes the handling of missing values
and outliers. For specific details on data cleaning, please
refer to the supplementary materials.

Statistical analysis

The age and tumor diameter distributions were summa-
rized as mean +standard deviation, and the rest of the
variable data were described as frequency (percentages).
SPSS 25.0 and R software (version 4.2.1, https://www.r-pr
oject.org) were used for the statistical analysis of the data.

The Least Absolute Shrinkage and Selection Opera-
tor (LASSO) method was used to screen the predictors
from the 21 variables because LASSO could deal with
the model overfitting and Multicollinearity problems
brought about by high-dimensional samples. Features
with nonzero coefficients in the LASSO regression model
were selected [15]. Subsequently, multivariate logistic
regression analysis was performed on the chosen pre-
dictors by LASSO regression to screen for independent
risk factors for LNM and establish a dynamic nomogram
for predicting LNM in CC. The discriminant perfor-
mance of the nomogram model was assessed using the
ROC curve. The calibration curve was used to evaluate
the consistency of the nomogram prediction probability
with the actual probability. Bootstrapping (1000 boot-
strap resamples) was used for the internal validation of
nomograms. The decision curve analysis (DCA) and a
clinical impact curve (CIC) assessed the clinical utility
of nomogram. The net reclassification index (NRI) and
the integrated discrimination improvement (IDI) were
used to determine nomograms’ improvement in LNM
prediction accuracy compared with CT images. To make
it use-easier, we built an interactive web-based dynamic
nomogram by deploying the predictive model to the
Shiny website.

We used a series of R packages, including forestplot,
rms, ResourceSelection, Hmisc, glmnet, pROC, Dyn-
Nom, shiny, plotly, compare, stargazer, reconnect, rmda,
waterfalls, and ggplot2 packages. Two-sided significance
level a=0.05, p<0.05 that the difference was statistically
significant.
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Results

Patient demographic and clinical characteristics in the
derivation cohort and the external validation cohort

A total of 412 CC patients from Bayannur Hospital were
screened between January 2016 and June 2022. Overall,
300 patients who met the inclusion and exclusion criteria
were enrolled in the training cohort. From January 2023
to October 2024, 112 CC patients from the Second Peo-
ple’s Hospital of Neijiang were included in the external
validation cohort. Patients from both cohorts were clas-
sified into LNM (+) and LNM (-) groups. There were 142
(47.3%) patients with LNM in the training group, com-
pared with 49 (43.8%) patients in the external validation
set. The average age of the training set and the external
validation set was 65.0+12.1 years [range 33-97 years]
and 66.7+12.4 years [range 26—88 years], respectively.
All parameters of the patients are shown in Table 1.

Feature selection for prediction models

This study used 21 clinicopathological features of 300
colon cancer patients to compose the training set. Fig-
ure 2A and B show the coefficient distribution and cross-
validation error plots of the LASSO regression model,
respectively. With the increase of A, the coefficients of
the 21 features were compressed to 0 by lasso regres-
sion (Fig. 2A). As shown in Fig. 2B, the most regularized
model, with a cross-validation binomial error was mini-
mal, included 15 features: sex, age, blood type, anemia,
intestinal obstruction, Percentage of neutrophils, pCEA,
pCA19-9, pCA724, differentiation, ulcer, tumor diameter,
T category and LN status on CT.

To identify independent risk factors for LNM and to
reduce the predictors used to construct nomograms, 15
features were analyzed by multivariate logistic regres-
sion. Eventually, eight variables maintaining predictive
significance for LNM were retained: blood type, anemia,
intestinal obstruction, Percentage of neutrophils>75%,
differentiation, ulcer, tumor diameter, and LN (+) on
CT. The detailed parameters of the multivariate logistic
regression analysis are shown in Table 2.

Development, validation, and assessment of the
nomogram prediction model for individualized prediction
of LNMin CC

The eight independent risk factors of LNM maintained
by the multifactorial logistic regression analysis were
used to construct a predictive model and presented as a
dynamic nomogram with a user-friendly graphical inter-
face (Fig. 3A). An online version of the dynamic nomo-
gram with interactive features has been developed based
on the Shiny website (https://predictcclnm.shinyapps.io/
dynnomapp/) to facilitate clinical practice, as illustrated
in Fig. 3B.
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Table 1 Clinicopathological characteristics of patients with colon cancer

Training cohort

External validation cohort

Characteristic LNM (+) LNM (-) Pvalue LNM (+) LNM (-) Pvalue
(n=142) (n=158) (n=49) (n=63)

Sex, male (%) 73(51.41) 100 (63.29) 0.050 25(51.02) 34 (53.97) 0.757
Age, mean (SD), years 66.03 (12.31) 62.68 (11.81) 0.017 68.37(11.15) 65.35(13.28) 0.204
BMI, > 24 kg/m2 (%) 80 (56.34) 84 (53.16) 0.663 28 (57.14) 27 (42.86) 0.134
Nation, national minority (%) 6(4.22) 5(3.16) 0.857 1(2.04) 2((3.17) 1.000
Blood group, (%) 0311 0.159

AB 8(5.63) 5(9.49) 2 (4.08) 4 (6.35)

@) 43 (30 28) 8(24.05) 16 (32.65) 24 (38.10)

A 1(21.83) 3(27.22) 23 (46.94) 7 (26.98)

B (42 25) 2 (39.24) 8(16.33) 8(28.57)
PLR, > 181 (%) (53 52) 9 (43.67) 0.087 29 (59.18) 30 (47.62) 0.224
Percentage of neutrophils, >75%, (%) 6 (25.35) 42 (26.58) 0912 20 (40.82) 9 (30.16) 0.240
Anemia, Yes (%) (35 92) 39 (24.68) 0.046 29 (59.18) 28 (44.44) 0.112
Hypoalbuminemia, Yes (%) 112 (78.87) 130 (82.28) 0.546 7(14.29) 7(11.11) 0614
Intestinal obstruction, Yes (%) 72 (50.7) 30(18.99) <0.001 29 (59.18) 12 (19.05) <0.001
CEA, >5 ng/mL (%) 67 (47.18) 3(33.54) 0.022 26 (53.06) 18(28.57) 0.008
CA199, >37 U/mL (%) 23 (16.20) 13(8.23) 0.052 9(1837) 4(6.35) 0.049
CA724,>6.9 U/mL (%) 8(12.68) 2(20.25) 0.109 4(8.16) 13 (20.63) 0.068
Endoscopic morphological 0.163 0.104
category, (%)

Mass 64 (45.07) 85 (53.80) 13 (26.53) 26 (41.27)

Ulcer/infiltrative 72 (54.93) 73 (46.20) 36 (73.47) 37(58.73)
Location, (%) 0.967 0.095

Left 76 (53.52) 86 (54.43) 21 (42.86) 37(58.73)

right 66 (46.48) 72 (48.65) 28 (57.14) 26 (41.27)
Tumor diameter, M (IQR), cm 3.00(1.50) 3.25(2.50) 0.134 4.10(1.70) 450 (2.7) 0.409
Ulcer, Yes (%) 88 (61.97) 57 (36.08) <0.001 39 (79.59) 35 (55.56) 0.008
Differentiation, (%) <0.001 0.090

Low 28(19.72) 12 (7.59) 12 (24.49) 10 (15.87)

Moderate 61 (42.96) 45 (2848) 37 (75.51) 48 (76.19)

High 53(37.32) 101 (63.92) 0 (0.00) 5(7.94)
Histology, (%) 0474 0.276

Adenocarcinoma 131(92.25) 150 (94.94) 40 (81.63) 56 (88.89)

Others* 11 (7.75) 8 (5.06) 9(1837) 7(11.11)
T category on CT, (%) <0.001 0.012

T1/T2 11(7.75) 26 (16.46) 7 (14.29) 2(34.92)

T3 59 (41.55) (50 00) 16 (32.65) 23(36.51)

T4 72 (50.70) 3(33.54) 26 (53.06) 8(28.57)
LN status on CT, LN+ (%) 104 (73.24) 68 (43.04) <0.001 31(63.27) 0(31.75)

BMI: Body Mass Index; PLR: Platelet-lymphocyte ratio; LN: lymph node

The AUC of 0.834(95% CI: 0.755—0.855) in the train-
ing cohort, 0.872(95%CI: 0.807-0.937) in the external
validation cohort (Fig. 4A, C). The 1000 bootstrapping
analyses were used for the nomogram’ internal valida-
tion and migration calibration. The results show that
the C-statistics of internal validation is 0.810. Figure 4C
shows the results of using a developed nomogram to
distinguish between LNM-positive and LNM-negative
patients (green bars indicate LNM positive, while orange
bars indicate LNM negative), and we can find that the
predictive model can correctly identify most patients.

The results of Fig. 4A and C, and 4E show that the pre-
dictive model has good discrimination. The calibration
curve of both the training set and the external valida-
tion set showed that the predicted risk of LNM closely
matched the actual risk of LNM (Fig. 4B, D). The Hosmer
and Lemeshow test also showed that the model did not
deviate from a good fit (training set: p=0.172, external
validation set: p=0.728). The good discrimination and
consistency demonstrated that the nomogram has good
predictive performance and external validity in predict-
ing LNM in CC patients.
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Fig. 2 LASSO regression analysis screening for potential predictors associated with LNM. (A) LASSO coefficient Plot for 21 preoperative clinicopathologi-
cal features. As the Optimal parameter (lambda) increases, the LASSO coefficients of the 21 features are gradually compressed to 0. (B) LASS regression
ten-fold cross-validation curve. When the binomial deviance of cross-validation was at the minimum, 15 potential predictors were selected

Enhanced abdominal CT scan is the primary basis
for preoperative TNM staging of colon cancer. Since
patients with distant metastases were excluded from this
study, we constructed model 2, which consisted of CT-
reported T stage and LN status. Compared with Model
2, the NRI and IDI of our predictive model were 26.8%
(95% Cl:15.4-38.3%, Z=4.353, p<0.001) and 24.3%(95%
CI:19.3-29.3%, Z2=4.197, p<0.001), respectively
(Table 3). The DCA shows that the net benefit of Model
2 is lower than the nomogram across the reasonable
threshold probability range (Fig. 5A, C). These results
suggest that our predictive model based on preoperative
multiple clinical features is significantly superior to CT
imaging in predicting LNM.

Clinical application of nomogram

DCA and CIC were used to assess the clinical value of
nomograms. In this study, DCA showed that nomograms
had an excellent net benefit rate in clinical use (Fig. 5A,
C). When threshold probability is within the range from
8 to 95%, the net benefit of the nomogram is significantly
higher than the two extreme scheme curves (“treat none”
or “treat all”). This means that patients or physicians who
use the nomogram to predict the risk of LNM in patients
with CC and take measures will benefit more patients
than those who do not use the protocol. CIC showed
that when the threshold probability was above 70%, the
number of positive cases predicted by the nomogram

was highly consistent with the actual number of positive
patients (Fig. 5B, D).

Discussion

Accurate preoperative identification of patients with CC
at high risk of LNM is critical to developing treatment
strategies and prognoses. Previous LNM-based predic-
tion studies have mainly concentrated on rectal cancer
or included rectal and colon cancers as a single entity.
Few predictive models have been used to predict the risk
of LNM in CC. However, rectal cancer is distinguish-
able from colon cancer in terms of LNM patterns, clini-
cal symptoms, treatment, and prognosis. Therefore, it
is necessary to develop risk assessment tools to predict
LNM in patients with CC. Currently, radical surgery is
the primary surgical approach for CC. Depending on the
location of the tumor, the surgery may involve the resec-
tion of the left colon, right colon, or the entire sigmoid
colon, along with the dissection of regional LNs. The
goal is to achieve a complete eradication of the tumor
to reduce the risk of recurrence. However, the colon is
one of the vital organs, and extensive surgical resection
increases the trauma and complication rates for patients,
thereby diminishing their quality of life. If preopera-
tive predictions regarding the presence of regional LNM
can be made accurately, it would assist in narrowing the
scope of intestinal resection and LN dissection without
increasing the risk of tumor recurrence. This would effec-
tively reduce surgical trauma and complication rates,
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Table 2 Univariate and multifactor analysis of potential predictors selected by LASSO regression

Predictor Univariable analysis Multivariable analysis
OR (95%(Cl) PValue OR (95%Cl) Pvalue

Sex

female 1(reference) 1(reference)

male 0.61(0.39-0.97) 0.038 0.77 (042-1.41) 0400
Age (year) 1.02 (1.01-1.04) 0.018 1.02 (0.99-1.05) 0.140
Blood type

AB 1(reference) 1(reference)

A 1.35(0.52-3.72) 0.544 1.28 (0.36-4.84) 0.710

B 1.81 (0.73-4.80) 0.208 244 (0.73-8.89) 0.160

O 2.12(0.83-5.79) 0.126 1.28 (1.04-13.46) 0.048
Intestinal obstruction

No 1(reference)

Yes 439 (2.64-7.43) <0.001 6.71(3.41-13.88) <0.001
Anemia

No 1(reference) 1(reference)

Yes 1.71(1.04-2.83) 0.035 2.14 (1.06-4.40) 0.035
Percentage of neutrophils

<75% 1(reference) 1(reference)

<75% 0.94 (0.56-1.57) 0.808 047 (0.22-0.97) 0.044
pCEA

<5mg/ml 1(reference) 1(reference)

<5mg/ml 1.77 (1.11-2.83) 0.016 1.29 (0.68-2.45) 0430
pCA199

<37 U/ml 1(reference) 1(reference)

<37U/ml 2.16 (1.06-4.55) 0.037 1.38 (0.53-3.80) 0.520
pCA724

<69 U/ml 1(reference) 1(reference)

<6.9U/ml 0.57 (0.030-1.06) 0.081 0.67 (0.30-1.53) 0350
CT tumor diameter(cm) 0.88 (0.75-1.03) 0.104 0.64 (0.49-0.82) <0.001
Location

Left 1(reference) 1(reference)

Right 1.04 (0.66-1.64) 0.875 0.60 (0.31-1.14) 0.130
Ulcer

No 1(reference) 1(reference)

Yes 2.28(1.26-4.18) 0.007
Differentiation

Low 1(reference) 1(reference)

Moderate 0.58 (0.26-1.24) 0171 0.31(0.11-0.81) 0.020

High 0.22 (0.10-047) <0.001 0.16 (0.06-0.39) <0.001
T category on CT

T1/T2 1(reference) 1(reference)

T3 1.77 (0.83-3.99) 0.154 0.85(0.31-2.36) 0.750

T4 3.21(149-731) 0.004 1.33(0.44-4.17 0.620
LN status on CT

LN (-) 1(reference) 1(reference)

LN (+) 3.62 (2.24-5.94) <0.001 6.71(3.41-13.88) <0.001

pCEA: carcinoembryonic antigen; pCA199: Carbohydrate antigen199; pCA724: Carbohydrate antigen724; LN: lymph node

enhancing the quality of life for patients. This approach
aligns with personalized treatment and precision medi-
cine requirements, minimizing over-treatment. In addi-
tion, we are facing a new era of oncological treatment
with an imminent possibility of neoadjuvant treatment in

colonic cancer. Accurate preoperative prediction of CC-
LNM may help improve patient survival.

In this study, we developed and validated an individual-
ized nomogram prediction model for predicting LNM in
patients with CC. The predictors of the nomogram were
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collected from the patient’s preoperative examinations
and laboratory tests. Univariate analysis and LASSO
regression analysis were used to analyze 21 clinicopath-
ologic features. Fifteen characteristics were selected as
potential risk factors for multivariate Logistic regression
analysis. Finally, eight independent risk factors, includ-
ing demography, clinical symptoms, nutritional status,
colonoscopy, and CT findings, were used to construct the

dynamic nomogram prediction model. This nomogram
had good discrimination (AUC=0.834, 95% CI 0.755-
0.855) and calibration consistency. The High Corrected
c-index(1000 Bootstrapping), DCA and CIC indicate that
the model has excellent clinical application prospects
in predicting LNM. Similarly, the AUC, DCA and CIC
curves of the prediction model in the external validation
cohort indicate that the model has some external validity.
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Table 3 The detailed results of ROC curves, NRI and IDI

Variables  AUC PValue Cut-off Value Sensitivity Specificity Accuracy PPV NPV NRI(95%Cl), % DI (95%Cl), %
(95%Cl)

Model 2 0673 <0.001 0547 0718 0.589 0.650 0611 0699 reference reference
(0.614-0.732)

nomogram  0.834 <0.001 0457 0.803 0.772 0.787 0.760 0813 26.8(154-383) 24.3(19.3-29.3)

(0.788-0.880)

The model2 was composed of T stage and LN status as reported by CT

Furthermore, we compared the nomogram and Model
2 (composed of the T-stage and LN status reported by
CT). The study showed that our prediction model was
superior to Model 2 in the discrimination, accuracy, and
clinical utility of LNM, with significantly higher NRI and
IDI. Therefore, the nomogram can be used as a powerful
complementary tool for preoperative CT examination to
improve patients’ LN staging.

Due to the inconvenience of traditional nomograms
for clinical practice, we developed an online version of
dynamic nomograms based on traditional nomograms.
Clinicians can use mobile devices such as mobile phones,
computers, and tablets to easily access the online version

of the dynamic nomogram to predict the probability of
LNM individually. Our study suggests that this predictive
model, with multiple clinical features as predictors, has
the potential as a clinical tool for the preoperative predic-
tion of LNM in patients with CC.

In this study, LNM occurred in approximately 47.3% of
patients with CC. Similar to previous studies [9, 16, 17],
we found that tumor differentiation and preoperative
CT-reported lymph node status were independent risk
factors for LNM, meaning that poorer tumor differentia-
tion and cN (+) status would increase the risk of LNM.
In addition, although the association of ulcers with LNM
in gastric cancer has been confirmed by several studies
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highly consistent with the actual number of positive patients

[18-20], rarely have studies focused on the association
of ulcers with LNM in colon cancer. The study is the
first report demonstrating that the ulcer on the tumor
surface is closely linked to an increased risk of LNM
in CC. However, the exact reason for the correlation
between ulcers and LNM is still being determined. Stud-
ies have demonstrated nuclear B-catenin expression in

ulcerative colorectal carcinoma tissues, which promotes
the progression and metastasis of ulcerative colorectal
carcinoma via the induction of epithelial-mesenchy-
mal transition [21-23]. In addition, It has been specu-
lated that it may be related to a more advanced tumour
stage. The growth of advanced tumors requires sufficient
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nutrients, but the blood supply to the tumor surface is
inadequate, hence the occurrence of m alignant ulcers.

There is no consensus on the correlation between
tumor size and LNM [24, 25]. Theoretically, the larger
the tumor diameter, the deeper the tumor invades the
colonic wall and the higher the risk of invading adjacent
structures and occurring LNM [26]. However, we found
that tumor diameter was negatively correlated with LNM.
This is consistent with the results of two recent reports
[27, 28]. We speculate that this may be related to the dif-
ferent growth patterns of tumors. It has been shown that
CRC with aggressive infiltrative growth is more prone
to LNM than that with expansive infiltrative growth and
that aggressive infiltrative tumors may have lymph node
metastasis when small in size. In contrast, the opposite is
true for expansive infiltrative CRC [29, 30].

Anemia and intestinal obstruction could be used
as predictors of LNM. Anemia can lead to hypoxia in
tumor tissues, and hypoxia will induce high expres-
sion of hypoxia-inducible factor-1a, which is associated
with local lymph node metastasis in many tumors [31].
In addition, it is well known that anemia and intestinal
obstruction are more frequent in advanced colon cancer,
which also has a higher incidence of lymph node metas-
tasis. Previous studies have suggested that anemia and
cervical cancer local LNM [32, 33]. However, the study
focuses on the relationship between anemia and lymph
node metastasis of colon cancer is less and needs to be
further investigated.

The relationship between the ABO blood group and
LNM in colorectal cancer is unclear. Previous research
has found that cancer cells with reduced expression of A
and B antigens have more substantial metastatic poten-
tial, while high expression of A and B antigens will inhibit
the proliferation of tumor cells [34, 35]. AB antigen was
expressed in the early stage of tumor development but
gradually decreased or disappeared in the late stage.
According to the results of the present research, a sig-
nificant association was found between the blood group
and LNM, with patients with the AB blood group having
a lower risk of LNM than the O blood group. Although
blood groups A or B were also more likely to develop
LNM than AB, this difference was not statistically sig-
nificant. Since the host immune system recognizes the
ABO antigen, it is involved in the immune surveillance
of tumor cells [36]. Therefore, we speculated that because
patients with blood group O do not express AB antigen,
tumors are more likely to escape from immune surveil-
lance and have a more substantial LNM potential than
other blood types.

Interestingly, we found that the percentage of neutro-
phils may be associated with LNM in CC. We observed
that an increased percentage of neutrophils decreased
the risk of LNM, which may be associated with a higher

Page 11 of 13

percentage of N1 neutrophils. It has been demonstrated
that two types of tumor-associated neutrophils exist,
including N1 and N2. N1 neutrophils have tumor-sup-
pressive effects, whereas N2 neutrophils promote tumor
proliferation, metastasis, and invasion [37]. However, it is
difficult to prove our conjecture due to the lack of spe-
cific markers for identifying N1 and N2 neutrophils.

Previous research has indicated that age, CEA, and
CA19-9 are predictors of LNM [9, 10]. However, the pre-
dictive value of these factors was not found in our study.
This may be due to the geographical differences in the
study population and the different sample sizes. Most
previous studies were single-center studies, and the pri-
mary patients analyzed were from southern China [9, 10].
In contrast, Our model’s training population comes from
Inner Mongolia, the northernmost province in China,
which is the most northern province in China. Signifi-
cant differences in geography, population distribution,
and diet exist between southern and northern China.
This conjecture coincides with the view of a similar study
from north China [28].

The current study contains several limitations: (1) This
is a retrospective study, and although we controlled for
various potential biases as much as possible in multiple
ways, the nature of the retrospective research dictates
that some biases are inevitable in this study. Some fac-
tors may have been missed or misinterpreted. (2) The
continuous variables are reclassified into categorical
variables. Compared with continuous variables, cate-
gorical variables may lose some information and reduce
the model’s predictive performance. (3) The number of
patients in this study was relatively small. The population
differences between the training cohort and validation
cohort may lead to potential biases. (4) Some potentially
important clinical factors may not have been included
in the study, such as genetic or molecular biomark-
ers (e.g., KRAS, BRAF mutations). Including molecular
data might improve the predictive accuracy of the model
in the future. (5) Although the model is shown to have
excellent robustness, internal validity, and external valid-
ity in both internal and external validation, more external
validation of the model using data from external medi-
cal centers is required to evaluate the external validity of
the model further. Suppose the above limitations can be
overcome and the model performs well in impact assess-
ment. In that case, the nomogram may become a reliable
tool for assisting surgeons in predicting the risk of CC-
LNM preoperatively.

Conclusion

This study was the first to develop and validate an online
dynamic nomogram based on multiple types of clini-
cal characteristics to dynamically predict the probability
of LNM in CC patients. The model provides essential
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information for the preoperative identification of colon
cancer patients with a high risk of LNM and has potential
clinical application. It can be a powerful complementary
tool to preoperative CT images and improve preopera-
tive clinical decision-making reliability. However, further
multicenter prospective studies are necessary to confirm
our results in the future.
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