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Abstract

BACKGROUND

The colon cancer prognosis is influenced by multiple factors, including clinical,
pathological, and non-biological factors. However, only a few studies have
focused on computed tomography (CT) imaging features. Therefore, this study
aims to predict the prognosis of patients with colon cancer by combining CT
imaging features with clinical and pathological characteristics, and establishes a
nomogram to provide critical guidance for the individualized treatment.

AIM

To establish and validate a nomogram to predict the overall survival (OS) of
patients with colon cancer.

METHODS
A retrospective analysis was conducted on the survival data of 249 patients with
colon cancer confirmed by surgical pathology between January 2017 and
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December 2021. The patients were randomly divided into training and testing groups at a 1:1 ratio. Univariate and
multivariate logistic regression analyses were performed to identify the independent risk factors associated with
OS, and a nomogram model was constructed for the training group. Survival curves were calculated using the
Kaplan-Meier method. The concordance index (C-index) and calibration curve were used to evaluate the
nomogram model in the training and testing groups.

RESULTS

Multivariate logistic regression analysis revealed that lymph node metastasis on CT, perineural invasion, and
tumor classification were independent prognostic factors. A nomogram incorporating these variables was
constructed, and the C-index of the training and testing groups was 0.804 and 0.692, respectively. The calibration
curves demonstrated good consistency between the actual values and predicted probabilities of OS.

CONCLUSION

A nomogram combining CT imaging characteristics and clinicopathological factors exhibited good discrimination
and reliability. It can aid clinicians in risk stratification and postoperative monitoring and provide important
guidance for the individualized treatment of patients with colon cancer.

Key Words: Colon cancer; Nomogram; Prognosis; Overall survival; Computed tomography; Clinicopathology

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: It is necessary to establish an accurate survival prediction model for colon cancer to improve patient prognosis.
This study combined computed tomography imaging features and clinicopathological factors to identify independent risk
factors associated with overall survival using univariate and multivariate logistic regression analyses. A nomogram model
was constructed, and it demonstrated high accuracy.

Citation: Hu ZX, Li Y, Yang X, Li YX, He YY, Niu XH, Nie TT, Guo XF, Yuan ZL. Constructing a nomogram to predict overall
survival of colon cancer based on computed tomography characteristics and clinicopathological factors. World J Gastrointest Oncol
2024; 16(10): 4104-4114

URL: https://www.wjgnet.com/1948-5204/full/v16/i10/4104.htm

DOI: https://dx.doi.org/10.4251/wjgo.v16.i110.4104

INTRODUCTION

Colon cancer is the third most common malignant tumor worldwide and the second leading cause of cancer death[1]. The
survival rate of colon cancer has gradually improved over the last 30 years[2]. However, the overall survival (OS) rate of
patients with colon cancer remains low. The five-year survival rate for colon cancer in China is 0.62[3]. Consequently, an
accurate predictive model must be established for the survival of patients with colon cancer to improve their prognosis in
clinical settings.

Currently, the American Joint Committee on Cancer (AJCC) pathological TNM staging remains the traditional method
for staging colon cancer[4]. Despite being in the same stage, patients can have different prognoses due to multiple factors.
Previous studies have investigated the OS of colon cancer by combining non-biological factors and clinicopathological
characteristics[5]. Other studies have also predicted the prognosis of tumor-related genes and clinicopathological features
[6]. However, non-biological factors and tumor-related genes are difficult to obtain and expensive with certain
limitations. Computed tomography (CT) imaging characteristics also play a crucial role in colon cancer staging. Recent
studies have indicated that CT imaging characteristics, such as tumor size, extramural vascular invasion on CT (ctEMVI),
and tumor enhancement ratio, are related to colon cancer prognosis[7-9]. Meanwhile, few studies have combined CT
imaging characteristics with clinicopathological factors to predict colon cancer prognosis; however, due to lower efficacy
and a limited number of CT imaging characteristics, only some of these studies have been validated[10]. Consequently,
this study included more CT imaging characteristics and combined them with clinicopathological factors to construct a
nomogram for a more accurate prediction of one-, three-, and five-year OS in patients with colon cancer.

MATERIALS AND METHODS

Patient characters

This study was approved by the Ethics Committee of Hubei Cancer Hospital. From January 2017 to December 2021, 482
patients with colorectal cancer who received surgical treatment at the Hubei Cancer Hospital were screened. The
inclusion criteria were as follows: (1) Pathologically confirmed colon cancer after surgery; (2) Complete preoperative
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medical records and CT imaging data; and (3) No anti-tumor therapy before CT. The exclusion criteria were as follows:
(1) Colon cancer recurrence during follow-up; (2) Loss to follow-up during the study; and (3) Poor CT image quality,
missing CT images, or lack of enhanced CT scanning before surgery. Finally, 249 patients were enrolled and randomly
divided into training and testing groups in a 1:1 ratio. In this study, 153 male and 96 female patients aged 23-84 years
were enrolled. A flowchart of patient selection is displayed in Figure 1.

CT examination

All patients were instructed to fast for 8 hours, drink 800-1000 mL of water, and practice holding their breath before the
CT examination. All CT examinations were performed using a 64-slice multi-detector spiral CT system (SOMOTOM
Definition AS+, Siemens or Light Speed-XT, GE Medical System). Patients were administered scopolamine hydrochloride
intramuscularly before the examination to reduce gastrointestinal motility artifacts. A dose of 1.5 mL/kg ioversol contrast
agent (320-370 mg/mL) was injected using an automatic high-pressure syringe at a speed of 3.0 mL/s. Arterial and
venous phase images were acquired with 30-35 seconds and 70-75 seconds delays after injecting contrast material.
Patients were positioned supine, with a scanning range including the entire abdominal and pelvic regions. All images
were acquired and reconstructed with a tube voltage of 120 kV, slice thickness and spacing of 5 mm, and auto-current
tube modulation.

CT imaging characteristics analysis

Two radiologists (with five and three years of experience in abdominal radiology, respectively) blinded to the clinical
outcomes and pathology results reviewed all CT images and reached a consensus. This study included 12 CT imaging
characteristics, including tumor location, length, and thickness, imaging T stage (rT), lymph node metastasis on CT
(ctLNM), partition of lymph node metastasis (MLN_partition), ctEMVI, and tumor attenuation value on plain (N), arterial
(A) and venous (V), arterial (AER), and venous (VER) enhancement rates. Tumor locations included the ascending colon
(ascending colon, ascending hepatic flexure, ascending colonic ileum, and ascending colonic appendix), transverse colon
(transverse colon and splenic flexure of the transverse colon), descending colon (descending colon and splenic flexure of
the descending colon), and the sigmoid colon. Tumor length was the longest longitudinal diameter in the coronal or
sagittal planes. The thickness of tumor infiltration was defined as the maximum diameter on the axial plane perpen-
dicular to the colonic wall. The 1T stage was determined based on the eighth edition of the TNM staging system for colon
cancer using AJCC. According to the third edition of the Japanese Classification of Colorectal, Appendiceal, and Anal
Carcinoma[11], MLN_partition was classified into N1, N2, and N3 groups. N1 was defined as within 5 cm of the tumor
edge, N2 was defined as between N1 and N3, and N3 was defined as around the root of the superior mesenteric or celiac
artery. ctEMVI was defined as the tumor tissue in the adjacent blood vessels on contrast-enhanced CT. Considering the
uncertainty of the size criteria, the combination of internal heterogeneity and irregular outer borders of the lymph nodes
was defined as ctLNM (+)[12]. The N value was measured at the maximum solid portion of the tumor before contrast
injection. The A and V values were measured at the maximum solid portion of the tumor during the arterial and venous
phases after contrast injection. The AER was calculated as A-N/N, whereas the VER was calculated as V-N/N.

Clinical pathology and follow-up data

The collected clinicopathological data included nine variables: Gender, age, pathological T stage (pT), pathological N
stage (pN), number of lymph node metastases (MLN-number), lymphovascular invasion (LVI), vessel invasion,
perineural invasion (PNI), and tumor classification. Experienced gastrointestinal pathologists evaluated pT and pN stage,
tumor classification, LVI, MLN-numbers, vascular invasion, and PNI in biopsy tissues. Patient age was divided into < 35,
36-59, 60-74, and > 75 years[13]. Tumors were classified into four categories based on tumor classification: Poorly differe-
ntiated adenocarcinoma, moderately differentiated adenocarcinoma, well-differentiated adenocarcinoma, and mucinous
adenocarcinoma. The MLN-number was divided into four categories based on the N stage method in the TNM staging
system: 0, 1-3, 4-6, and 2 7. Enrolled patients were followed up, with the study endpoint being death or the end of follow-
up. Follow-up data included the surgery date, death date, total survival time, cause of death, and last follow-up date. OS
was defined as the interval between diagnosis and death from any other cause or at the end of the follow-up period.

Construction and verification of nomogram and statistical analysis

The Kaplan-Meier (K-M) method was used to calculate the OS of the study population and compare survival curves
using the log-rank test. Multivariable logistic regression analysis was performed to identify the independent prognostic
factors for OS. On this basis, nomograms were constructed to predict one-, three-, and five-year OS and validated using
the concordance index (C-index) and calibration curve. A C-index > 0.6 was considered indicative of good discrimination
[14]. In the calibration curve, the closer the distribution of points and error lines are to the diagonal, the higher the
accuracy of the chart. The data were analyzed using the R software. All tests were two-sided, and P < 0.05 was considered
statistically significant.

RESULTS

Clinicopathologic characteristics
This study included 249 patients, 125 in the training and 124 in the testing groups. Table 1 presents the clinicopathological
and CT imaging characteristics of the patients with colon cancer. Of the patients, 153 (61.4%) were males and 96 (38.6%)
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Table 1 Computed tomography imaging characteristics and clinicopathological characteristics of the training and testing sets of colon

cancer patients

Overall (n = 249) Train (n = 125) Test (n=124)
Variable
n % n % n %

Sex

Female 153 61.4 77 61.6 76 61.3

Male 96 38.6 48 38.4 48 38.7
Age (years)

<35 11 44 6 4.8 5 4.0

36-59 105 422 50 424 52 419

60-74 107 43.0 53 40.0 57 46.0

>75 26 10.4 16 12.8 10 8.1
Tumor_location

Ascending colon 108 434 59 47.2 49 39.5

Transverse colon 20 8.0 10 8.0 10 8.1

Descending colon 32 129 11 8.8 21 16.9
Sigmoid colon 89 35.7 45 36.0 44 35.5

1T

T1 4 1.6 B 24 1 0.8

T2 18 72 11 8.8 7 5.6

T3 107 43.0 52 416 55 444

T4 120 482 59 472 61 49.2
ctLNM

() 173 69.5 86 68.8 87 70.2

) 76 30.5 39 31.2 37 29.8
ctEMVI

) 142 57.0 70 56.0 72 58.1

+) 107 43.0 55 44.0 52 419
pT

T1 9 3.6 4 32 5 4.0

T2 16 6.4 9 7.2 7 5.6

T3 177 711 85 68.0 92 74.2

T4 47 18.9 27 21.6 20 16.1
pN

NO 142 57.0 74 59.2 68 54.8

N1 74 29.7 34 27.2 40 32.3

N2 33 13.3 17 13.6 16 12.9
MLN-number

0 156 62.7 83 66.4 973 58.9

1-3 60 24.1 25 20.0 35 28.2

4-6 13 5.2 6 48 7 5.6

27 20 8.0 11 8.8 9 7.3

MLN_partition
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No MLN 156 62.7 83

N1 5 2.0 2

N2 81 325 36

N3 7 2.8 4
LVI

-) 166 66.7 83

+) 83 88%) 42
Vessel

() 160 64.3 80

*) 89 35.7 45
Perineural

() 203 81.5 101

+) 46 185 24

Tumor classification

Mucinous carcinoma 25 10.0 18

Poorly differentiated adenocar- 88 13.3 18
cinoma

Moderately differentiated adenocar- 174 69.9 80
cinoma

Well-differentiated adenocarcinoma 17 6.8 9

66.4

1.6

28.8

3.2

66.4

33.6

64.0

36.0

80.8

19.2

14.4

14.4

64.0

7.2

73

45

83

41

80

44

102

22

15

94

58.9

24

33.1

64.5

35.5

823

5.6

12.1

75.8

6.5

rT: Imaging T staging; pT, pN: Pathological T, N staging; MLN_partition: Lymph node metastasis area on computed tomography scan; MLN-number:

Number of lymph node metastases on pathology; ctLNM: Whether lymph nodes are metastatic on imaging; ctEMVI: Detection of extramural venous

invasion on computed tomography scan; LVI: Lymphovascular invasion.

Patiens primarily diagnosed with colon malignant tumor between 2017 and 2021

(n = 482)

v

Patiens with colon malignant tumor (7 = 249)

Patients were randomly assigned to groups in a 1:1 ratio

Excluded (n = 233)

(1) Recurrence of colon cancer (17 = 59)
—————% (2) Loss of follow-up during the course of study (7 = 96)

(3) Poor CT image quality, or missing CT images, or lack

of enhanced CT scanning before surgery (17 = 78)

l

Training set (n = 125)

Figure 1 Flow chart of patient selection. CT: Computed tomography.
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were females. The tumor was mostly located in the ascending colon (108 cases, 43.4%), followed by the sigmoid colon (89
cases, 35.7%). Among the CT imaging characteristics, 76 (30.5%) and 107 (43.0%) patients had ctLNM and ctEMVI,
respectively. Regarding clinicopathological features, 83 (33.3%), 89 (35.7%), and 46 (18.5%) patients had lymphovascular,
vessel, and PNI, respectively. The rT and pT stages were mainly at the T3 stage, accounting for 107 (43.0%) and 177
(71.1%) cases, respectively. The most common tumor classification was moderately differentiated adenocarcinoma (174
cases, 69.9%).

Risk factors for colon cancer

Logistic regression analysis was conducted to examine the variables predicting OS using univariate and multivariate
approaches, and the independent prognostic factors for patients with colon cancer were determined based on the training
group. Univariate analysis results displayed that 1T, ctLNM, ctEMVI, pT, pN, MLN-number, MLN_partition, LVI, vessel
invasion, PNI, and tumor classification were significantly associated with OS. Furthermore, multivariate analysis
revealed that ctLNM [hazard ratio (HR) 3.4387; 95% confidence interval (CI): 1.6982-6.963; P = 0.000601], PNI (HR 4.3407;
95%CI: 2.1293-8.8489; P < 0.001), and differentiation (HR 0.45; 95%CI: 0.3002-0.6745; P = 0.000111) were independent
prognostic factors for OS (Table 2). The K-M analysis using the log-rank test (Figure 2) yielded results similar to those of
the above analysis.

Nomogram development and validation

A nomogram was established in the training group (Figure 3) using the independent prognostic factors mentioned above
(ctEMVI, tumor classification, and PNI) to predict one-, three-, and five-year OS in patients with colon cancer. The
imaging and clinicopathological feature points for each patient were calculated and summed to obtain the total score
corresponding to the probabilities of one-, three-, and five-year OS. The nomogram was validated for the testing group.
The C-index of the training and testing groups were 0.804 and 0.692, respectively. The calibration plots in both groups
demonstrated the good predictive accuracy of the nomogram at multiple time points (Figure 4).

DISCUSSION

This study included 12 CT image characteristics and nine clinicopathological factors and utilized univariate and
multivariate analyses to identify independent risk factors associated with OS in patients with colon cancer. A nomogram
was constructed to predict one-, three-, and five-year OS probabilities. The results revealed that ctLNM, PNIL, and tumor
classification were independent risk factors for OS in colon cancer, and the C-index of the training and testing groups for
the developed nomogram were 0.804 and 0.692, respectively.

Many studies have reported non-biological factors, clinicopathological characteristics, and genes related to colon
cancer prognosis. Liu et al[15] found a close association between household income, marital status, and prognosis of colon
cancer. Some researchers[16,17] have identified T and N stages as important predictive factors for colon cancer prognosis.
Yao et al[17] developed a radiomic nomogram that integrates radiomic signature and clinicopathological features to
predict the prognosis of colon cancer and believed that pN stage, pT stage, and radiomic features were significant
independent variables with prognostic value. The results revealed that the radiomic signature was more effective in
predicting disease-free survival (DFS) than the TNM staging system, with a C-index of 0.780 and 0.738, respectively,
lower than our study's C-index (0.804). Huang ef al[6] found that the PLEKHASP1 gene was an independent risk factor
affecting the five-year survival rate of patients with colon cancer. However, few studies have incorporated CT imaging
characteristics to predict the OS of patients with colon cancer. Yuan et al[13] and Yao et al[10] have discussed this topic.
According to Yuan ef al[13], the depth of intestinal wall infiltration and the number of metastatic lymph nodes are the
most important factors affecting the prognosis of colon cancer, with several metastatic lymph nodes increasing the
relative risk of death in patients with colon cancer. Yao et al[10] believed that ascites, enlarged mesenteric lymph nodes at
the root, liver metastases, and nerve invasion were potential factors affecting the prognosis of patients with colon cancer.
However, these studies included relatively few CT imaging characteristics.

This study included 12 CT imaging characteristics, and the results revealed that ctLNM is an independent risk factor
for predicting OS in patients with colon cancer. Huang et al[18] suggested that the lymph node status reported on CT
correlates with the actual lymph node status and is an independent risk factor for predicting preoperative lymph node
metastasis. However, their study only demonstrated the relationship between the state of lymph nodes on CT images and
actual pathology in predicting preoperative lymph node metastasis. They did not address the relationship between
lymph node metastasis and colon cancer prognosis. However, Chen et al[19] considered lymph node metastasis to be the
most important pathological feature for colon cancer prognosis. These findings are consistent with our study results,
presenting that lymph node metastasis can be determined on CT by combining internal heterogeneity and irregular outer
borders of the lymph nodes, thereby reflecting the actual pathological status of lymph node metastasis. Since actual
lymph node metastasis is frequently associated with tumor recurrence and prognosis, accurate evaluation of lymph node
metastasis in patients with colon cancer on preoperative CT imaging can predict their prognosis. However, unlike
previous studies, the pN in this study was not an independent influencing factor due to two possible reasons. First, the
limited data collected may have introduced some bias in the results. Second, the number of lymph nodes evaluated in
resected specimens may vary among patients, surgeons, pathologists, and tumor or treatment-related factors[16], leading
to discrepancies in the statistical results. Although pN was not an independent prognostic factor for colon cancer in this
study, univariate analysis results indicated that pN might be an important factor affecting the prognosis of colon cancer
(P <0.05). In the future, increasing the data size may allow for further analysis of pN.
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Table 2 Univariate and multivariate analyses of overall survival in the training set

Univariate analysis Multivariate analysis
Variable
HR 95%Cl P value HR 95%Cl P value
Sex
Female 0.911 0.448-1.853 0.796
Age (years) 1.070 0.879-1.303 0.498
Tumor_location
Transverse colon 0.929 0.274-3.155 0.906
Descending colon 0.931 0.274-3.162 0.909
Sigmoid colon 0.638 0.286-1.421 0.271
Length 1.035 0.924-1.160 0.556
T 3.428 1.690-6.954 <0.001"
Thickness 1.124 0.943-1.341 0.191
ctLNM
*+) 4.165 2.082-8.333 <0.001° 3.439 1.698-6.963 <0.001°
CtEMVI
*) 3.541 1.684-7.446 <0.001°
pT 2.702 1.454-5.021 0.002°
pN 3.016 1.975-4.606 <0.001°
MLN_number 2.106 1.583-2.802 <0.001°
MLN_partition 1.738 1.267-2.385 <0.001"
LVI
*) 2204 1.113-4.366 0.023"
Vessel
*) 2.251 1.136-4.459 0.020"
Perineural
(+) 5.204 2.619-10.420 <0.001" 4341 2.129-8.849 <0.001°
Tumor classification 0.466 0.323-0.671 <0.001" 0.450 0.300-0.675 <0.001"
N 0.936 0.869-1.008
A 0.978 0.950-1.006
Y% 1.005 0.978-1.033
AER 0.637 0.199-2.041
VER 2.601 0.946-7.152
ap < 0.05.
P <0.001.

HR: Hazard ratio; CI: Confidence interval; N: Tumor unenhanced value; A: Tumor arterial value; V: Tumor venous value; AER: Arterial enhancement rate;
VER: Venous enhancement rate; ctLNM: Whether lymph nodes are metastatic on imaging; ctEMVI: Detection of extramural venous invasion on computed
tomography scan.

This study also suggests that the PNI is an independent risk factor for colon cancer prognosis. This is consistent with
the findings of Liebig et al[20], who argued that PNI should be considered when stratifying patients with colon cancer for
adjuvant therapy. This study suggests that PNI is associated with the advanced stages of colon cancer. Furthermore, this
study concluded that PNI plays a role in disease progression and tumor metastasis. This further confirms the strong
prognostic significance of PNI in colon cancer. However, Zhang et al[21] argued that LVI is a better prognostic factor than
PNI and that PNI status can only predict three-year DFS, not three-year OS. This disparity may be due to differences in
the study subjects. The former study focused on patients with colon cancer who underwent surgical resection, while the
latter study focused on patients with stage III colon cancer who underwent curative treatment. The variation in disease
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staging among patients may result in different degrees of tumor infiltration and surrounding involvement, potentially
leading to bias in LVI and PNI analyses.

The logistic regression model also revealed that tumor classification was an independent prognostic factor for colon
cancer, with mucinous adenocarcinoma having the worst prognosis. This supports the findings of Wu et al[22] and Zhou
et al[23], who concluded that mucinous adenocarcinoma has a worse prognosis than other non-specific adenocarcinomas.
Wu et al[22] suggested that mucinous adenocarcinoma is more likely to reach advanced stages (T4, N2, M1, III, and IV)
with a higher progression grade and younger patient population. Mucinous adenocarcinoma is associated with various
clinical and pathological characteristics, such as younger age, poorer differentiation, increased metastatic potential, and
advanced stage. Moreover, histologically, mucinous adenocarcinoma is distinct from other non-specific adenocarcinomas,
defined by the World Health Organization, with > 50% extracellular mucin pools and malignant epithelial or tumor cells.
This classification indicates that its prognosis may differ from other types and is generally worse.

Ren et al[24] developed a prediction model using age, differentiation degree, N stage, CA19-9, PNI, and postoperative
chemotherapy as variables to predict the three- and five-year OS rates of patients who underwent curative surgery for
stage II/III colon cancer, with a C-index of 0.780. Wang et al[25] extracted data from 10 clinicopathological variables and
developed a prognosis graph to predict the OS of patients with respectable colon cancer, with a C-index of 0.71. In our
study, the combination of CT imaging characteristics and clinicopathological factors resulted in a well-performing model,
with a training group C-index of 0.804, higher than the aforementioned studies. Our model demonstrated good discrimi-
nation and calibration. This may be attributed to the following reasons: (1) CT imaging characteristics are closely related
to the staging of colon cancer, and their inclusion allows for more accurate prediction of colon cancer prognosis; and (2)
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Our study encompassed a greater number of variables, including 12 CT imaging characteristics and nine clinicopatho-
logical factors, providing more comprehensive coverage of factors that may influence colon cancer prognosis.

In this study, the C-index, K-M curve, and nomogram were used to evaluate the resolution, reliability, and clinical
application value of the final model. The C-index estimates the probability of the predicted result and agrees with the
observed results. In this study, the C-index of the training and testing groups were 0.804 and 0.692, respectively,
presenting that the nomogram had a high degree of differentiation. Additionally, nomograms have better clinical
benefits, and personalized survival prognosis predictions can be easily obtained using this novel, easy-to-implement
scoring system. For example, a colon cancer patient with ctLNM (approximately 52 points), PNI (approximately 62
points), and moderately differentiated adenocarcinoma (approximately 32 points) had a score of 146 points. The patient
OS values at one, three, and five years were 67%, 39%, and 28%, respectively. Consequently, through the above examples,
doctors can better score patients and develop beneficial individualized treatment and follow-up plans for patients with
different prognoses.

This study has several limitations. First, although this was a single-center study, it used a moderate sample size and
yielded valuable results. In the future, we will conduct multi-center studies to validate the effectiveness of the model.
Second, this study included only Chinese patients; further external validation is needed to determine whether the results
apply to patients from other countries. Finally, this study did not have new prognostic biomarkers, such as KRAS and
BRAF mutations, microsatellite instability status, and clinical blood indicators, due to the difficulty of obtaining them
through invasive procedures. In addition, the features currently introduced are not comprehensive enough, and more
features, such as lymph node-related pathological features, will be included in the future to enhance the effectiveness of
the model and ensure its comprehensiveness and effectiveness.
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CONCLUSION

This study successfully established and validated a model based on ctLNM, PNI, and cell differentiation. This model
demonstrates high accuracy and facilitates clinical doctors in rapidly and accurately assessing prognosis and survival.
Besides, the nomogram constructed based on CT imaging characteristics and clinicopathological features can be a useful
low-cost risk stratification tool for formulating more effective personalized treatment strategies.
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