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Objective: Colorectal cancer is one of themost common primarymalignancies and

the third most common cause of cancer death in both men and women in the

United States. Among people diagnosed with initial colorectal cancer, 22% had

metastatic colorectal cancer, while the 5-year survival rate was less than 20%. The

purpose of this study is to develop a nomogram for predicting distant metastasis in

newly diagnosed colorectal cancer patients and to identify high-risk groups.

Methods: We retrospectively reviewed the data of patients who were diagnosed

with colorectal cancer at Zhong nan Hospital of Wuhan University and People’s

Hospital of Gansu Province between January 2016 and December 2021. Risk

predictors for distant metastasis from colorectal patients were determined by the

univariate and multivariate logistic regression analyses. Nomograms were

developed to predict the probabilities of distant metastatic sites of colorectal

cancer patients and evaluated by calibration curves, receiver operating

characteristic curves, and decision curve analysis (DCA).

Results: A total of 327 cases were included in this study: 224 colorectal cancer

patients from Zhong nan Hospital of Wuhan University were incorporated into

the training set, and 103 colorectal cancer patients from Gansu Provincial

People’s Hospital were incorporated into the testing set. By univariate logistic

regression analysis, platelet (PLT) level (p = 0.009), carcinoembryonic antigen

(CEA) level (p = 0.032), histological grade (p < 0.001), colorectal cancer tumor

markers (p < 0.001), N stage (p < 0.001), and tumor site (p = 0.005) were

associated with distant metastasis in colorectal cancer patients. Multivariate

logistic regression analysis showed that N stage (p < 0.001), histological grade

(p = 0.026), and colorectal cancer markers (p < 0.001) were independent

predictors of distant metastasis in patients initially diagnosed with colorectal

cancer. The above six risk factors were used to predict distant metastasis of

newly diagnosed colorectal cancer. The C-indexes for the prediction of the

nomogram were 0.902 (95% confidence interval (CI), 0.857–0.948).

Conclusion: The nomogram showed excellent accuracy in predicting distant

metastatic sites, and clinical utility may facilitate clinical decision-making.
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Introduction

Colorectal cancer (CRC) is one of the most common primary

malignant tumors and the third most common cause of cancer

death in both men and women in the United States. In 2021, an

estimated 1479,500 new cases and 52,980 deaths were projected in

the United States (1). Among people diagnosed with initial

colorectal cancer, 22% have metastatic CRC. Over the past 30

years, the incidence and overall survival (OS) rate of CRC have

seen a significant improvement. The 5-year relative survival rate of

CRC patients was approximately 65.1%. Although the prognosis of

metastatic CRC is poor, with a 5-year survival rate of less than 20%

(2, Accessed July 31, 2022), the survival rate has greatly improved

because of the development of diagnosis and treatment schemes.

Metastatic CRC is defined as a metastatic disease or cancer that

has spread beyond the original colorectal mass. The most common

sites of distant metastasis include the liver, lung, and peritoneum

(3). Many large sample studies (4–6) reported the cumulative

metastatic rates of colorectal cancer in the liver (40% –50%), lung

(10% –20%), and peritoneum (4%). Headways in the treatment of

metastatic diseases, including improved surgical techniques,

increased cancer-directed surgery, advances in the treatment of

liver metastases, and the development of targeted therapies, are

evident in survival gains for these patients in recent decades (3). It is

clinically significant to detect distant metastasis (DM) in newly

diagnosed CRC patients because early identification can help

optimize treatment and management to increase the 5-year

relative survival rate and quality of life.

In clinical practice, computed tomography (CT) is the most

commonly used imaging examination to evaluate distant metastases

of colorectal cancer patients. However, studies have reported that

CT has a sensitivity of 65%–95% for colorectal cancer liver

metastases with a diameter ≥ 1 cm, while it has a sensitivity of

only 31%–38% for lesions with a diameter <1 cm, and the sensitivity

further decreases if the patient has fatty liver (7). Recently, machine

learning algorithms have played an important role in evaluating the

metastasis and prognosis of malignant tumors. In gastric cancer, the

literature reported seven machine learning algorithms to predict

distant metastasis models, including logistic regression, random

forest (RF), least absolute shrinkage and selection operator (LASSO)

regression, support vector machine, k- nearest neighbor, naive

Bayes model, and artificial neural network (8). David’s research

used 11 machine learning algorithms to predict the short- and long-

term survival probability of CRC patients (9).

In the previous studies, many risk factors and prognostic

variables were identified, including tumor markers, histological

type, tumor location, platelet count (10), and tumor–node–

metastasis (TNM) staging system. These factors are related to the

prognosis of colorectal tumors (11). The prognosis of CRC patients

varies in different clinicopathological factors, especially for

colorectal cancer patients with distant metastasis. However, there

is currently no predictive model for newly diagnosed Chinese

colorectal cancer patients with distant metastasis, which means

that the probability of outcome cannot be quantified.
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Nomogram is a simple, multivariate visualization tool in which

certain risk factors work together to predict and quantify the rate of

the outcome of an individual patient (12). Therefore, in this study,

we investigated clinicopathological factors in patients with

colorectal cancer and aimed to develop a nomogram for

predicting DM in newly diagnosed CRC patients. The results of

this study will help to identify the high-risk groups of newly

diagnosed colorectal cancer patients with DM according to the

nomogram and help clinicians identify these patients early and

choose appropriate treatment options, thereby improving prognosis

and survival.
Materials and methods

Patients

The data included in the present study were obtained by two

researchers at Zhong nan Hospital of Wuhan University and

People’s Hospital of Gansu Province from January 2016 to

December 2021. The inclusion criteria were as follows: 1)

patients diagnosed with colorectal cancer for the first time from

2016 to 2021; 2) demographic variables, including age, sex, and

body mass index (BMI), were available; 3) hematology test

indicators, including hemoglobin, platelet count, and colorectal

cancer tumor markers (including carcinoembryonic antigen

(CEA), cancer antigen 125 (CA 125), and carbohydrate antigen

19-9 (CA 19-9)); 4) all newly diagnosed patients with colorectal

cancer underwent colorectal tumor resect ion at first

hospitalization, or patients with distant metastases underwent

primary resection at least. Detailed pathological data (including

tumor size, diameter, TNM stage, and histological grade) were

obtained. 5) Newly diagnosed colorectal cancers diagnosed with

distant metastasis should be confirmed by at least two imaging

examinations or histopathological diagnoses. The exclusion

criteria were as follows: 1) incomplete information, including

demographic variables and hematology test indicators; 2)

absence of important clinicopathological factors, such as grade,

histological type, T stage, N stage, and M stage; 3) before obtaining

pathological information, the patients underwent adjuvant

therapy such as radiotherapy and chemotherapy; 4) patients

with other malignant tumors (such as lung malignancies,

hematological malignancies, and primary liver cancer). Finally,

327 patients were included to study the diagnostic risk factors of

CRC patients with DM. Among them, 224 colorectal cancer

patients from Zhong nan Hospital of Wuhan University were

incorporated into the training set, and 103 colorectal cancer

patients from Gansu Provincial People’s Hospital were

incorporated into the testing set. In the present study, patients

in the training set were used to develop the nomogram, and

patients in the testing set were used to validate it. This study is a

retrospective study and was conducted with the consent of the

Ethics Committee of Zhong nan Hospital of Wuhan University.

The ethics number is 2023019K.
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Statistical analysis

All statistical analyses in our present study were conducted with

SPSS 26.0 and R software (version 4.2.0). Mean ± standard

deviation (SD) was used to describe the quantitative data; number

and percentage (N, %) were used to describe these categorical data.

Student’s t- test was used to compare differences in continuous

variables between groups if the variables followed a normal

distribution. The c2 test or Fisher’s exact test was used for

categorical variables. In the present study, a p-value < 0.05 (two-

sided) was considered statistically significant. Univariate logistic

analysis was applied to identify DM-related factors. The variables

with p- value < 0.05 in the univariate logistic analysis were included

in the multivariate binary logistic regression analysis to determine

independent risk factors of DM in initially diagnosed CRC patients.

There are some indicators (including CEA level and platelet count),

although the p- value >0.05 in multivariate analysis; they have

important significance for the prognosis of colorectal cancer, which

is also included to develop the nomogram. The predictive

nomogram was developed by the “rms” package in R software,

the “ROCR” package calculated the C-index, the “pROC” package

calculated and plotted the receiver operating characteristic (ROC)

curve, and the “rmda” package drew the calibration curve (CC)),

decision curve analysis (DCA), and clinical impact curve. The ROC

curve (13), C-index, and calibration curve were used to evaluate

their performance. Moreover, DCA and clinical impact curve were

also used to evaluate the stability of the model (14).
Results and discussion

Results

Clinical characteristics of the patients
According to inclusion and exclusion criteria, a total of 327

patients were included in this research: 224 colorectal cancer

patients from Zhong nan Hospital of Wuhan University were

incorporated into the training set, and 103 colorectal cancer

patients from Gansu Provincial People ’s Hospital were

incorporated into the testing set. The clinical characteristics of

327 patients are shown in Table 1.

Risk factors of distant metastasis in CRC patients
and construction of predictive nomogram

The training set comprised 224 patients: 64 cases (28.6%) with

DM at initial diagnosis and 160 cases (71.4%) without it (Table 2).

The most common distant metastatic sites were the liver, lung, and

peritoneum; some patients showed multiple- organ metastasis. For

example, there were 37 patients with liver metastasis in the training

set, accounting for 16.52% of the total population and 57.81% of the

metastatic population. Through statistical analysis, the results

showed that there were no significant differences in age (p =

0.662), sex (p = 0.096), body mass index (p = 0.590), hemoglobin

level (p = 0.235), tumor size (p = 0.089), and T stage (p = 0.986)
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between non-metastatic colorectal cancer and metastatic colorectal

cancer. Platelet (PLT) count, CEA, tumor markers, tumor site,

lymph node stage, and histological grade (Grade) were statistically

significant: PLT (p = 0.007), carcinoembryonic antigen (p = 0.028),

tumor markers (p < 0.001), tumor site (p = 0.012), N stage (p <

0.001), and histological grade (p < 0.001). Notably, there was a

statistically significant difference (p = 0.011) between the non-

distant metastasis group and the distant metastasis group in the

diagnosis year based on the COVID-19 epidemic. However, since

the medical order and public life have gradually returned to normal,

there is a bias in the variable of the year of diagnosis. To facilitate

the subsequent use of the model, we did not include this variable in

the formulation of the nomogram.

To identify DM-related variables in CRC patients, 11 predictors

were analyzed using univariate logistic analysis. The results revealed

six predictors that were associated with DM in CRC patients,

including PLT level (p = 0.009), CEA level (p = 0.032),

histological grade (p < 0.001), colorectal cancer tumor markers (p

< 0.001), N stage (p < 0.001), and tumor site (p = 0.005). Moreover,

multivariate logistic analysis was performed on these six factors and

showed that N stage (p < 0.001), histological grade (p = 0.038), and

colorectal tumor markers (p < 0.001) were independent predictors

for distant metastasis of colorectal cancer in newly diagnosed CRC

patients (Table 3). Through the above three predictive factors (N

stage, histological grade and colorectal tumor marker) and six

predictive factors (PLT level, CEA level, tumor site, N stage,

histological grade and colorectal tumor marker), the prediction

models were established respectively, and it was found that there

was no significant difference in C- index between the two models.

Ultimately, based on the six DM-related variables, a diagnostic

nomogram was developed for the risk assessment of DM in newly

diagnosed CRC patients (Figure 1).

Validation of training set for predictive nomogram
In the training set, we used ROC curves and C-index values to

appraise the discrimination abilities of the nomogram. The C-index

of the training set for predicting distant metastases was 0.902. The

ROC curve of the training set was established, and the area under

the curve (AUC) of the training set nomogram was 0.902 (95% CI,

0.857–0.948) (Figure 2). Furthermore, we also used a calibration

curve, which is a novel method for appraising alternative prognostic

instruments, and the DCA curve indicated that this nomogram can

serve as an excellent diagnostic tool for DM in newly diagnosed

CRC patients (Figure 2).

Validation of testing set for predictive nomogram
The testing set comprised 103 patients: 33 cases (32%) with DM

at initial diagnosis and 70 cases (68%) without it. Similarly,

univariate logistic analysis and multivariate logistic analysis were

performed for six factors: platelet count, tumor markers, CEA, N

stage, tumor site, and histological grade. The results showed that the

platelet count (p = 0.010), tumor markers (p < 0.001), N stage (p <

0.001), tumor site (p < 0.001), and histological grade (p = 0.003)

were statistically significant. Tumor markers (p = 0.001), N stage (p
frontiersin.org
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TABLE 1 Clinical and pathological features of patients diagnosed with CRC.

Training set (224) Validation set (103)

Age 56.99 ± 12.95 47.91 ± 12.05

Sex

Female 96 (42.9%) 40 (38.8%)

Male 128 (57.1%) 63 (61.2%)

Year

Before the COVID-19 pandemic 70 (31.25%) 85 (82.5%)

During the COVID-19 pandemic 154 (68.75%) 18 (17.5%)

BMI (kg/m2) 23.46 ± 3.16 22.23 ± 2.99

Hypertension

Yes 64 (28.6%) 11 (10.7%)

No 160 (71.4%) 92 (89.3%)

Diabetes

Yes 27 (12.1%) 4 (3.9%)

No 197 (87.9%) 99 (96.1%)

Smoking

Yes 51 (22.8%) 15 (14.6%)

No 173 (77.2%) 88 (85.4%)

Drinking

Yes 28 (12.5%) 15 (14.6%)

No 196 (87.5%) 88 (85.4%)

HGB (g/L) 115.90 ± 24.31 121.19 ± 27.59

PLT (109/L) 246.56 ± 86.78 250.50 ± 110.84

Tumor markers*

Positive 101 (45.1%) 56 (54.4%)

Negative 123 (54.9%) 47 (45.6%)

CEA (ng/ml) 51.32 ± 248.31 39.59 ± 140.83

Site

Right 45 (20.1%) 20 (19.4%)

Left 50 (22.3%) 12 (11.7%)

Rectum 129 (57.6%) 71 (68.9%)

Size (cm)

<5 cm 125 (55.8%) 59 (57.3%)

≥5 cm 99 (44.2%) 44 (42.7%)

Grade

I 17 (7.6%) 4 (3.9%)

II 166 (74.1%) 73 (70.9%)

III 41 (18.3%) 26 (25.2%)

(Continued)
F
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= 0.006), and tumor site (p < 0.001) were independent risk factors

for distant metastasis of newly diagnosed colorectal cancer

(Table 4). The statistical analysis results of the testing set were

basically consistent with the results of the training set, which

indicated that the six risk factors included in our study had good

stability and universality, and the distant metastasis prediction

model developed had high clinical practicability.

According to the data of the testing set, we also established the

ROC curve, calibration curve, and DCA curve. The AUC of the

testing set nomogram was 0.916 (95% CI, 0.836–0.973). The

calibration curve indicated good stability, and the DCA curve

showed high net benefits of the diagnostic nomogram (Figure 3).

ROC curves for each risk factor in training set
and testing set

More importantly, the ROC curves of each predictor were

also generated in both the training set and the testing set

(Figure 4). In the testing set, the AUC was as follows: PLT

count (AUC = 0.566), CEA (AUC = 0.775), histological grade

(AUC = 0.623), colorectal cancer tumor markers (AUC = 0.764),

N stage (AUC = 0.764), and tumor site (AUC = 0.624). In the

testing set, the AUC was as follows: PLT count (AUC = 0.588),

CEA (AUC = 0.728), histological grade (AUC = 0.641),

colorectal cancer tumor markers (AUC = 0.753), N stage

(AUC = 0.760), and tumor site (AUC = 0.753). The results

showed that the AUC of all predictors alone was lower than the

AUC of the nomogram, regardless of the training set or the

testing set. In conclusion, the predictive diagnostic model can

identify patients with a high risk of distant metastasis from

newly diagnosed CRC patients.
Frontiers in Oncology 05
Discussion

This study retrospectively analyzed the clinical data of 327

patients with colorectal cancer (224 patients in the training set and

103 patients in the testing set), and the results showed that 98

patients (29.97%) (64 patients in the training set and 34 patients in

the testing set) had developed distant metastases at the first visit,

with an average age of 55 years. We found that platelet counts

greater than 350 (10 * 109/L), positive tumor markers, lymph node

stage (N stage N1–N2), tumor histological grade (grade III), tumor

location in the right colon, and high carcinoembryonic antigen

concentration were associated with distant metastasis of colorectal

cancer. Among these variables, tumor markers, lymph node stage,

and histological grade were independent risk factors for

distant metastasis.

In this study, we also found that patients with colorectal cancer

who were first diagnosed during the COVID-19 epidemic had a

higher risk of distant metastasis, which may be related to the delay

in screening and diagnosis. The COVID-19 pandemic era impacted

medical institutions/systems in various countries. The enormous

diversion of medical resources toward SARS-CoV-2-dedicated

wards dominated the clinical scenarios, with almost all planned

public healthcare activities, including cancer screening, being

suspended. A study in the United Kingdom (15) pointed out the

detrimental effects on mortality of delaying diagnosis in

symptomatic patients with CRC because of the SARS-CoV-2

pandemic. Recent data from Italy (16) also indicated that due to

the impact of COVID-19, screening delays beyond 4–6 months

would significantly increase advanced CRC cases and also mortality

if lasting beyond 12 months. A large retrospective study from the
TABLE 1 Continued

Training set (224) Validation set (103)

T stage

T1–T2 40 (17.9%) 17 (16.5%)

T3–T4 184 (82.1%) 86 (83.5%)

N stage

N0 102 (45.5%) 51 (49.5%)

N1–2 120 (53.57%) 52 (50.5%)

M stage

M0 160 (71.4%) 70 (68%)

M1 64 (28.6%) 33 (32%)

Metastatic sites

Liver 37 (16.52%) 19 (18.45%)

Lung 16 (7.14%) 7 (6.80%)

Peritoneum 10 (4.46%) 6 (5.82%)

Pelvic cavity 6 (2.68%) 6 (5.82%)

Other distant diseases 3 (1.34%) 2 (1.94)
CRC, colorectal cancer; BMI, body mass index; HGB, hemoglobin; PLT, platelet; CEA, carcinoembryonic antigen; CA 125, cancer antigen 125; CA 19-9, carbohydrate antigen 19-9.
*Tumor marker positive means hematologic CEA > 5 ng/ml, or CA 125 > 35 U/ml, or CA 19-9 > 37 U/ml.
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Journal of the American Medical Association (JAMA) (17) also

compared patients with colorectal cancer during the pandemic

period and the prepandemic period, and the results showed that

the SARS-CoV-2 pandemic was significantly associated with an

increased rate of advanced-stage colorectal cancer.

Colorectal cancer is a common invasive tumor of the digestive

system that is prone to distant metastasis. Metastases are a major
Frontiers in Oncology 06
driver of CRC-related mortality, with the liver and lung being the

most frequently affected organs (18). Approximately 22% of

colorectal cancer patients have distant metastases on their first

visit to the hospital; meanwhile, the 5-year survival rate of these

patients is less than 20%. For patients with resectable metastatic

CRC, surgical resection of metastases is the only curative treatment

option. For patients with unresectable metastatic CRC (3), the
TABLE 2 Clinical and pathological features between distant and non-distant metastases of the training set.

CRC without DM (N = 160) CRC with DM (N = 64) p

Age 57.23 ± 12.77 56.39 ± 13.47 0.662

Sex 0.096

Female 63 (39.4%) 33 (51.6%)

Male 97 (60.6%) 31 (48.4%)

Year 0.011

Before the COVID-19 58 (36.2%) 12 (18.8%)

During the COVID-19 102 (63.7%) 52 (81.2%)

BMI (kg/m2) 23.39 ± 3.24 23.64 ± 2.96 0.590

HGB (g/L) 117.12 ± 23.87 112.85 ± 25.33 0.235

PLT (109/L) 0.007

<350 146 (91.2%) 50 (78.1%)

≥350 14 (8.8%) 14 (21.9%)

CEA 16.70 ± 101.50 137.86 ± 426.15 0.028

Tumor markers <0.001

Negative 112 (70.0%) 11 (17.2%)

Positive 48 (30%) 53 (82.8%)

Tumor size (cm) 0.089

<5 cm 95 (59.4%) 30 (46.9%)

≥5 cm 65 (40.6%) 34 (53.1%)

Tumor site 0.004

Right 24 (15%) 21 (32.8%)

Left 34 (21.3%) 16 (25%)

Rectum 102 (63.7%) 27 (42.2%)

T stage 0.986

T1–2 40 (25%) 0 (0%)

T3–4 120 (75%) 64 (100%)

N stage <0.001

N0 97 (60.6%) 5 (7.8%)

N1–2 63 (39.4%) 59 (92.2%)

Grade <0.001

Grade 1 16 (10%) 1 (1.6%)

Grade 2 126 (78.8%) 40 (62.5%)

Grade 3 18 (11.2%) 23 (35.9%)
CRC, colorectal cancer; DM, distant metastasis; BMI, body mass index; HGB, hemoglobin; PLT, platelet.
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primary treatment is systemic therapy (including cytotoxic

chemotherapy, biologic therapy such as antibodies to cellular

growth factors, immunotherapy, and their combinations). Early

treatment of patients with distant metastases can improve their

survival rate. In some practical clinical features, the National

Comprehensive Cancer Network (NCCN) guidelines said that
Frontiers in Oncology 07
TNM stage, age, tumor differentiation grade, vessel invasion,

performance status, and tumor markers are important prognostic

factors (19). Therefore, in this study, we established a nomogram

based on clinical data and pathological features to predict the risk of

distant metastasis in newly diagnosed CRC patients. The total score

can be calculated by obtaining data on several easily accessible
TABLE 3 Logistic analysis of risk factors of DM in training set CRC patients.

Univariate (p) OR 95% CI Multivariate (p) OR 95% CI

Age 0.660 0.99 0.97–1.11 – – –

Sex (male) 0.097 0.61 0.34–1.09 – – –

PLT (<350) (109/L) 0.009 2.92 1.30–6.55 0.125 2.44 0.77–7.72

HGB (g/L) 0.235 0.99 0.98–1.01 – – –

Tumor markers (negative) <0.001 11.24 5.41–23.38 <0.001 7.52 3.18–17.77

CEA (ng/ml) 0.032 1.00 1.00–1.01 0.406 1.01 0.99–1.00

N stage (N0) <0.001 18.17 6.91–47.75 <0.001 15.48 5.07–47.32

Site (right) 0.005 0.059

Left 0.145 0.54 0.23–1.24 0.048 0.30 0.09–0.99

Rectum 0.001 0.30 0.15–0.62 0.027 0.31 0.11–0.88

BMI (kg/m2) 0.589 1.03 0.94–1.13 – – –

Grade (I–II) <0.001 4.43 2.18–8.98 0.038 2.55 1.05–6.21

Size (cm) 0.090 1.66 0.92–2.97 – – –
fro
DM, distant metastasis; CRC, colorectal cancer; PLT, platelet; HGB, hemoglobin; CEA, carcinoembryonic antigen; BMI, body mass index.
c(L − 0.3 * (M − L), M + 0.1 * (M − L))
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FIGURE 1

Nomogram for predicting DM from CRC patients. DM, distant metastasis; CRC, colorectal cancer.
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variables on the nomogram for each CRC patient. The risk of DM

can then be easily identified on the nomogram, which will make the

individualized clinical decision and clinical management

more accurate.

The stratification theory of the left and right colon was proposed

by American oncologist Bufill et al. in 1990 from the perspective of

molecular genetics (20). Guideline (21) points out that the right side

of the colon (cecum, ascending colon, and hepatic flexure) versus the

left side of the colon (splenic flexure, descending colon, sigmoid, and
Frontiers in Oncology 08
rectosigmoid) and rectum represent a continuum of changes

secondary to different embryological origins. Colorectal cancer is a

heterogeneous malignant tumor with unique pathophysiological,

anatomical, and clinical features. The location of tumor growth is

an important factor affecting the progression, choice of treatment,

and survival prognosis of colorectal cancer. Compared with that of

the left colorectal tumor, the energy metabolism of the right colon

tumor is mainly aerobic glycolysis of glucose, and tumor cells take

advantage of aerobic glycolysis to decompose glucose and obtain
A B

DC

FIGURE 2

The receiver operating characteristic curve (A), calibration curve (B), decision curve analysis (C) (nomogram compared with tumor markers), and
clinical impact curve (D) of the training set.
TABLE 4 Logistic analysis of risk factors of DM in the testing set CRC patients.

Univariate (p) OR 95% CI Multivariate (p) OR 95% CI

PLT (<350) (109/L) 0.010 8.96 1.7–44.49 0.35 3.36 0.26–42.7

Tumor markers (negative) <0.001 12.4 3.92–39.22 0.001 15.65 3.06–79.97

CEA (ng/ml) 0.225 1.002 1.00–1.01 0.351 0.999 0.994–1.00

N stage (N0) <0.001 11.6 3.97–33.92 0.006 7.17 1.76–29.22

Site (right) <0.001 <0.001

Left 0.844 0.86 0.18–3.98 0.769 1.49 0.1–21.51

Rectum <0.001 0.09 0.03–0.27 0.003 0.08 0.02–0.44

Grade (I–II) 0.003 4.16 1.63–10.6 0.119 3.36 0.73–15.43
fro
DM, distant metastasis; CRC, colorectal cancer; PLT, platelet; CEA, carcinoembryonic antigen.
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energy (22). In terms of tumor histopathology, mucinous carcinoma,

undifferentiated carcinoma, and sigmoidal ring cell carcinoma were

the most common tumors on the right side of the colon, with high

histological grade and low differentiation, while the left side of the

colon was dominated by adenocarcinoma with medium and high

differentiation (23). In molecular biology, BRAF, PI3KCA, and

TGFBR2 gene mutations and heat shock protein regulation

disorders are common in right colon tumors. Conversely, left colon

tumors are often rich in KRAS gene mutations, HGFR/HER2

amplification, and high expression of amphiregulin and epithelial

regulatory proteins (24). A systematic review in JAMA (25) also

indicated that the side of the origin of CC (left vs. right) should be

acknowledged as a criterion for establishing prognosis in both earlier

and advanced stages of the disease. These show that right colon

tumors are more invasive than left colon tumors.

Serological tumor markers are non-invasive and cost-effective

indicators for the diagnosis, treatment, and prognosis of colorectal

cancer. CEA and CA 199 are the two most common tumor markers

used in colorectal cancer (26). The American Society of Clinical

Oncology (ASCO) and the European Panel on Tumor Markers
Frontiers in Oncology 09
(EGTM) recommend CEA levels as a marker for follow-up after

curative surgical resection of colorectal cancer. Rising levels indicate

tumor recurrence after surgery or the development of metastatic

disease (26). Some studies have also shown that an elevated

preoperative CEA level is associated with a poorer prognosis and

an increased risk of malignant tumor recurrence (27). Several other

serological tumor markers, including CA 125, cancer antigen 72-4

(CA 72-4), and combined serum tumor biomarker levels, were

positively correlated with tumor stage (28).

In this study, we found that three patients did not show definite

metastases on preoperative imaging examination but were found to

have metastases on imaging reexamination less than 10 days after

surgery. Therefore, the risk factors selected by logistic regression

analysis and the developed model can be used to quantitatively score

whether each newly diagnosed colorectal cancer patient is at risk of

distant metastasis and identify high-risk groups. 1) For high-risk

patients without metastasis detected by the first imaging examination,

clinicians need to further improve the evaluation of MRI (or PET-

CT) and other imaging examinations, shorten the follow-up time of

high-risk patients, and emphasize the importance of follow-up. 2)
A B C

FIGURE 3

The receiver operating characteristic curve (A), calibration curve (B), and decision curve analysis (C) (nomogram compared with tumor markers) of
the testing set.
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FIGURE 4

Comparison of area under the receiver operating characteristic curve between nomogram and each independent predictor in the training set (A)
and the testing set (B).
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Clinicians should recommend molecular pathological testing for

high-risk patients as early as possible. 3) For low-risk patients, the

follow-up time can be appropriately extended to achieve

individualized management for different patients.

However, several limitations to our study should be noted.

First, this study is a retrospective study, which inevitably suffers

from selection bias. Second, a limited number of patients

(N = 327) included in this study may lead to possible errors.

Therefore, follow-up studies need more prospective studies

involving patients.
Conclusions

Our study showed that N stage, grade, tumor markers, tumor

site, preoperative CEA level, and platelet level were the risk factors

for DM from CRC. N stage, grade, and tumor markers were the

independent predictors. The nomogram we created may be a

personalized, convenient, and more intuitive visualization tool for

DM risk assessment in CRC.
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based personalized predictive survival among colorectal cancer patients. Comput Methods
Programs BioMed (2023) 231:107435. doi: 10.1016/j.cmpb.2023.107435

10. Chen W, Xin S, Xu B. Value research of NLR, PLR, and RDW in prognostic
assessment of patients with colorectal cancer. J Healthc Eng (2022) 2022:7971415. doi:
10.1155/2022/7971415
frontiersin.org

https://doi.org/10.21203/rs.3.rs-2118512/v1
https://doi.org/10.21203/rs.3.rs-2118512/v1
https://doi.org/10.3322/caac.21654
https://seer.cancer.gov/statfacts/html/
https://doi.org/10.1001/jama.2021.0106
https://doi.org/10.1016/j.diii.2014.03.011
https://doi.org/10.1016/j.diii.2014.03.011
https://doi.org/10.1007/s11605-015-2837-9
https://doi.org/10.1007/s11605-015-2837-9
https://doi.org/10.1038/srep29765
https://doi.org/10.1016/j.ctrv.2020.102020
https://doi.org/10.1038/s41598-023-31880-6
https://doi.org/10.1016/j.cmpb.2023.107435
https://doi.org/10.1155/2022/7971415
https://doi.org/10.3389/fonc.2023.1186298
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


He et al. 10.3389/fonc.2023.1186298
11. Zhou Z, Mo S, Dai W, Xiang W, Han L, Li Q, et al. Prognostic nomograms for
predicting cause-specific survival and overall survival of stage I-III colon cancer
patients: A large population-based study. Cancer Cell Int (2019) 19:355. doi: 10.1186/
s12935-019-1079-4

12. Hu C, Yang J, Huang Z, Liu C, Lin Y, Tong Y, et al. Diagnostic and prognostic
nomograms for bone metastasis in hepatocellular carcinoma. BMC Cancer (2020)
20:494. doi: 10.1186/s12885-020-06995-y

13. Heagerty PJ, Lumley T, Pepe MS. Time-dependent ROC curves for censored
survival data and a diagnostic marker. Biometrics (2000) 56:337–44. doi: 10.1111/
j.0006-341X.2000.00337.x

14. Vickers AJ, Elkin EB. Decision curve analysis: a novel method for evaluating
prediction models. Med Decis Making (2006) 26:565–74. doi: 10.1177/0272989X06295361

15. Sud A, Torr B, Jones M E. Effect of delays in the 2-week-wait cancer referral
pathway during the COVID-19 pandemic on cancer survival in the UK: a modelling
study. Lancet Oncol (2020) 21(8):1035–44.

16. Ricciardiello L, Ferrari C, Cameletti M, Gaianill F, Buttitta F, Bazzoli F, et al.
Impact of SARS-CoV-2 pandemic on colorectal cancer screening delay: effect on stage
shift and increased mortality. Clin Gastroenterol Hepatol (2021) 19:1410–17.e1419. doi:
10.1016/j.cgh.2020.09.008

17. Rottoli M, Gori A, Pellino G, Flacco ME, Martellucci C, Spinelli A, et al.
Colorectal cancer stage at diagnosis before vs during the COVID-19 pandemic in Italy.
JAMA Netw Open (2022) 5:e2243119. doi: 10.1001/jamanetworkopen.2022.43119

18. Chandra R, Karalis JD, Liu C, Murimwa GZ, Voth Park J, Heid CA, et al. The
colorectal cancer tumor microenvironment and its impact on liver and lung metastasis.
Cancers (Basel) (2021) 13(24):6206. doi: 10.3390/cancers13246206

19. Benson AB3rd, Venook AP, Cederquist L, Chan E, Chen YJ, Cooper HS, et al.
Colon cancer, version 1.2017, NCCN clinical practice guidelines in oncology. J Natl
Compr Canc Netw (2017) 15:370–98. doi: 10.6004/jnccn.2017.0036
Frontiers in Oncology 11
20. Bufill JA. Colorectal cancer: evidence for distinct genetic categories based on
proximal or distal tumor location. Ann Intern Med (1990) 113:779–88. doi: 10.7326/
0003-4819-113-10-779

21. Dekker E, Tanis PJ, Vleugels JLA, Kasi PM, Wallace MB. Colorectal cancer.
Lancet (2019) 394:1467–80. doi: 10.1016/S0140-6736(19)32319-0

22. Mukund K, Syulyukina N, Ramamoorthy S, Subramaniam S. Right and left-
sided colon cancers - specificity of molecular mechanisms in tumorigenesis and
progression. BMC Cancer (2020) 20:317. doi: 10.1186/s12885-020-06784-7

23. Kalantzis I, Nonni A, Pavlakis K, Delicha EM, Miltiadou K, Kosmas C, et al.
Clinicopathological differences and correlations between right and left colon cancer.
World J Clin cases (2020) 8:1424–43. doi: 10.12998/wjcc.v8.i8.1424

24. Mouradov D, Sloggett C, Jorissen RN, Love CG, Li S, Burgess AW, et al.
Colorectal cancer cell lines are representative models of the main molecular subtypes of
primary cancer. Cancer Res (2014) 74:3238–47. doi: 10.1158/0008-5472.CAN-14-0013

25. Petrelli F, Tomasello G, BorgonovoK, GhidiniM, Turati L, Dallera P, et al. Prognostic
survival associated with left-sided vs right-sided colon cancer: a systematic review and meta-
analysis. JAMA Oncol (2017) 3:211–9. doi: 10.1001/jamaoncol.2016.4227

26. Vukobrat-Bijedic Z, Husic-Selimovic A, Sofic A, Bijedic N, Bjelogrlic I, Gogov B,
et al. Cancer antigens (CEA and CA 19-9) as markers of advanced stage of colorectal
carcinoma. Med Arch (2013) 67:397–401. doi: 10.5455/medarh.2013.67.397-401

27. KhanMA, Maken RN, Nisar H, Fatima I, Khan IU, MasoodM, et al. THE role of
preoperative carcinoembryonic antigen in recurrence of resectable colorectal
carcinoma. Acta Clin Croat (2020) 59:216–22. doi: 10.20471/acc.2020.59.02.03

28. Gao Y,Wang J, Zhou Y, Sheng S, Qian SY, Huo X. Evaluation of serum CEA, CA19-
9, CA72-4, CA125 and ferritin as diagnostic markers and factors of clinical parameters for
colorectal cancer. Sci Rep (2018) 8:2732. doi: 10.1038/s41598-018-21048-y
frontiersin.org

https://doi.org/10.1186/s12935-019-1079-4
https://doi.org/10.1186/s12935-019-1079-4
https://doi.org/10.1186/s12885-020-06995-y
https://doi.org/10.1111/j.0006-341X.2000.00337.x
https://doi.org/10.1111/j.0006-341X.2000.00337.x
https://doi.org/10.1177/0272989X06295361
https://doi.org/10.1016/j.cgh.2020.09.008
https://doi.org/10.1001/jamanetworkopen.2022.43119
https://doi.org/10.3390/cancers13246206
https://doi.org/10.6004/jnccn.2017.0036
https://doi.org/10.7326/0003-4819-113-10-779
https://doi.org/10.7326/0003-4819-113-10-779
https://doi.org/10.1016/S0140-6736(19)32319-0
https://doi.org/10.1186/s12885-020-06784-7
https://doi.org/10.12998/wjcc.v8.i8.1424
https://doi.org/10.1158/0008-5472.CAN-14-0013
https://doi.org/10.1001/jamaoncol.2016.4227
https://doi.org/10.5455/medarh.2013.67.397-401
https://doi.org/10.20471/acc.2020.59.02.03
https://doi.org/10.1038/s41598-018-21048-y
https://doi.org/10.3389/fonc.2023.1186298
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	A nomogram model for predicting distant metastasis of newly diagnosed colorectal cancer based on clinical features
	Introduction
	Materials and methods
	Patients
	Statistical analysis

	Results and discussion
	Results
	Clinical characteristics of the patients
	Risk factors of distant metastasis in CRC patients and construction of predictive nomogram
	Validation of training set for predictive nomogram
	Validation of testing set for predictive nomogram
	ROC curves for each risk factor in training set and testing set

	Discussion

	Conclusions
	Preprint
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References


