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Background: Colon cancer (CC) is the third most commonly diagnosed malignant tumor and remains the
second leading cause of cancer-related deaths worldwide. However, the risk assessment of poor prognosis of
CC is limited in previous studies. This study aimed to develop a predictive nomogram for the survival of CC
patients.

Methods: In this retrospective cohort study, 113,239 CC patients from the Surveillance, Epidemiology, and
End Results (SEER) database were randomly divided into training (n=56,619) and testing (n=56,620) sets
with a ratio of 1:1. Demographic, clinical data and survival status of patients were extracted. The outcomes
were 3- and 5-year survival of CC. Univariate and multivariate Cox regression analyses were used to screen
the predictors to develop the predictive nomogram. Internal validation and stratified analyses were further
assessed the nomogram. The C-index and area under the curve (AUC) were calculated to estimate the
model’s predictive capacity, and calibration curves were adopted to estimate the model fit.

Results: Totally 38,522 (34.02%) patients died during the 5-year follow-up. The nomogram incorporated
variables associated with the prognosis of CC patients, including age, gender, marital status, insurance status,
tumor grade, stage (T/N/M), surgery, and number of nodes examined, with a C-index of 0.775 in the training
set and 0.774 in the testing set. The AUCs of the nomogram for the 3- and 5-year survival prediction in the
training set were 0.817 and 0.808, with the sensitivity of 0.688 and 0.716, and the specificity of 0.785 and
0.740, respectively. Similar results were found in the testing set. The C-index of the predictive nomogram
for male, female, White, Black, and other races was 0.769, 0.779, 0.773, 0.770, and 0.770, respectively. The
calibration curves for the nomogram in the above five cohorts showed a good agreement between actual and
predicted values.

Conclusions: The nomogram may exhibit a certain predictive performance based on the SEER database,

which may provide individual survival predictions for CC patients.
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Introduction 104,270 new cases of CC and 52,980 CC-related deaths in
Colon cancer (CC) is the third most commonly diagnosed the United States in 2021 (1). Despite significant advances
malignant tumor and remains the second leading cause of in the treatment of CC, its incidence continues to increase,
cancer-related deaths worldwide. There were approximately and the S-year survival rate remains low (2). Therefore, it
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Figure 1 Flow chart of the selection process for CC patients. CC, colon cancer; SEER, Surveillance, Epidemiology, and End Results.

is essential for clinicians to identify the influencing factors
associated with poor prognosis to improve the quality of life
for CC patients.

Some clinicopathological characteristics have been
associated with CC prognosis, such as age, race, and tumor
site (3-5). Patients with proximal CC (right-sided CC)
were shown to have a worse prognosis than those with
distal CC (left-sided CC) (6). Several prediction models
have been developed to predict the survival of CC patients.
For example, a predictive model with 516 patients was
constructed to assess the prognosis of CC patients (7).
Nomograms can visualize complex regression equations to
make the predictive results more intuitive and convenient
for clinicians to use by integrating multiple clinical factors.
Nomograms have been gradually applied in clinical research
to predict the prognosis of various cancers, such as hepatic
carcinoma and perihilar cholangiocarcinoma (8,9). Several
prognostic nomograms have been proposed to assess the
survival of CC patients, integrating stage and metastatic
status using relatively small sample sizes (10,11). Zheng et al.
developed a nomogram to predict the cancer-specific survival
in 13,984 elderly patients with stages I-1II CC, lacking
relevant treatment information (10). Yu et 4. conducted
a prognostic nomogram to predict overall survival and
cancer-specific survival among 11,220 old early-onset CC
patients of age <50 years, similarly lacking the surgery and
radiotherapy data (11). Furthermore, studies based on larger
sample sizes with more stratified analyses are required for a
further assessment of CC prognosis.

"This study aimed to establish a nomogram to predict the
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3- and 5-year survival of CC patients and to further assess
the predictive performance of the nomogram using internal
validation and stratified analyses (gender and race) in
113,239 participants from the Surveillance, Epidemiology,
and End Results (SEER) database. We present the
following article in accordance with the TRIPOD reporting
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-22-878/rc).

Methods
Data sources

The data from CC cases in this retrospective cohort study
were obtained from the SEER 18 Regs Custom Data
(with additional treatment fields) of the National Cancer
Institute (http://seer.cancer.gov/), which were collected
from 2010 to 2016. The diagnosis of CC was confirmed
using the International Classification of Diseases-Oncology
3 (ICD-0-3) 2008 site codes C180-C189 and C260. The
SEER registries included data on patient demographics,
primary tumor site, tumor morphology, stage at diagnosis,
first course of treatment, and vital status of patients after
follow-up. CC patients aged >18 years were included. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). The detailed procedure for
patient selection is presented in Figure 1.

Potential predictors

Demographic and clinical data of CC patients were
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extracted from the SEER database, including age at
diagnosis, gender, race (White, Black, and others), marital
status (married, divorced, separated, single, unmarried or
domestic partner, and widowed), insurance status (insured,
insurance status unknown, any Medicaid, and uninsured),
tumor grade, American Joint Committee on Cancer (AJCC)
stage (T/N/M) (7™ edition), number of nodes examined,
treatments (surgery or radiotherapy).

Outcomes and follow-up

The 3- and 5-year survival of CC patients were defined as
the outcomes. During the follow-up duration, the survival
status of all patients was recorded. And the follow-up was
terminated when the patient died.

Development and validation of the nomogram

All CC patients were randomly divided into the training
and testing sets with a 1:1 ratio, which has ensured that the
variables of the two sets can be balanced. The predictor
screening of the survival of CC patients was conducted
using the training set, and then the prediction model was
performed based on the predictors. The internal validation
of the model was conducted using the testing set. A visual
nomogram was draw with the predictors. The performance
of the prediction model was assessed by C-index, area under
the curve (AUC), sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV). Receiver
operator characteristic (ROC) curve was used to evaluate
the discernibility ability of the model. Calibration curves
were adopted to estimate the model fit.

Statistical analysis

All statistical analyses were performed by SAS 9.4 (SAS
Institute, Cary, NC, USA) and R software 4.0.3 (R
Foundation for Statistical Computing, Vienna, Austria).
Count data are described by the number of cases/constituent
ratio [n (%)], and the i’ test or Fisher’s exact test was adopted
for intergroup comparisons. Univariate and multivariate Cox
regression analyses were conducted to identify the prognostic
factors. The included patients were randomly divided into a
training set (n=56,619) and a testing set (n=56,620). Stratified
analyses were conducted in terms of gender and race.
Hazard ratio (HRs) and 95% confidence interval (Cls) were
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calculated. Statistical significance levels were all two-sided. A
P value <0.05 was considered statistically significant.

Results

Characteristics of the study population in the training
cobort

A total of 183,344 CC patients were initially obtained
from the SEER database. After excluding 51,817 patients
with incomplete TNM stage information, 8,133 patients
with missing race and marital information, 8,209 patients
with unknown tumor grades, 685 patients with missing the
treatment data, 1,242 patients with unknown insurance
information, and 19 patients with unknown survival status,
113,239 participants were eventually included in the
study (Figure I). The study population’s characteristics in
the training cohort are shown in Table 1. In total, 56,619
CC cases were finally enrolled in the training set, with
an average age of 67.85 years. Of these, 27,902 (49.28%)
were male and 28,717 (50.72%) were female. The study
population was ethnically diverse and comprised White
(45,126/79.70%), Black (6,761/11.94%), and other races
(4,732/8.36%). There were 30,961 (54.68%) married
patients, 5,625 (9.93%) divorced patients, 601 (1.06%)
separated patients, 9,023 (15.94%) single patients, 141
(0.25%) unmarried patients or those with a domestic
partner, and 10,268 (18.14%) widowed patients. For
insurance status, there were 38,526 (68.04%) insured
patients, 9,459 (16.71%) patients without insurance status
unknown, 6,987 (12.34%) patients receiving any Medicaid,
and 1,647 (2.91%) patients without insurance. The number
of patients with grade I, I, III, and IV tumors was 5,754
(10.16%), 38,943 (68.78%), 9,732 (17.19%), and 2,190
(3.87%), respectively. There were 9,357 (16.91%) patients
with T1 tumors, 7,801 patients (13.78%) with T2 tumors,
28,669 patients (50.63%) with T3 tumors, and 10,792
patients (19.06%) with T4 tumors. There were 33,494
(59.16%) patients with NO tumors, 14,216 (25.11%)
with N1 tumors, and 8,909 (15.45%) with N2 tumors.
Additionally, 47,871 (84.55%) patients had MO tumors,
and 8,748 (15.45%) had M1 tumors. Regarding treatments,
54,638 (96.50%) had surgery, and 1,981 (3.50%) had none;
990 (1.75%) underwent radiotherapy, and 55,629 (98.25%)
had none. The median number of nodes examined was 16,
and the median survival time was 30 months.
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Table 1 Baseline characteristics of patients in the training cohort

Variables

CC patients (n=56,619)

Age, years, mean + SD
Gender, n (%)
Male
Female
Race, n (%)
White
Black
Others
Marital status, n (%)
Married
Divorced
Separated
Single
Unmarried or domestic partner
Widowed
Insurance status, n (%)
Insured
Insurance status unknown
Any Medicaid
Uninsured
Tumor grade, n (%)
I
Il
M
\Y
T stage, n (%)
T1
T2
T3
T4
N stage, n (%)
NO
N1
N2

67.85+14.06

27,902 (49.28)
28,717 (50.72)

45,126 (79.70)
6,761 (11.94)
4,732 (8.36)

30,961 (54.68)
5,625 (9.93)
601 (1.06)
9,023 (15.94)
141 (0.25)
10,268 (18.14)

38,526 (68.04)
9,459 (16.71)
6,987 (12.34)
1,647 (2.91)

5,754 (10.16)

38,943 (68.78)
9,732 (17.19)
2,190 (3.87)

9,357 (16.91)
7,801 (13.78)
28,669 (50.63)
10,792 (19.06)

33,494 (59.16)
14,216 (25.11)
8,900 (15.45)

Table 1 (Continued)
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Table 1 (Continued)

Variables CC patients (n=56,619)

M stage, n (%)

Mo 47,871 (84.55)

M1 8,748 (15.45)
Surgery, n (%) 54,638 (96.50)
Radiotherapy, n (%) 990 (1.75)

Nodes examined, M (Q;, Q,) 16.00 (12.00, 23.00)

Survival time, months, M (Q;, Q) 30.00 (15.00, 52.00)

CC, colon cancer; SD, standard deviation.

Predictor screening for the survival of CC patients in the
training cobort

Predictor screening for the survival of CC patients in
the training cohort are exhibited in 7uble 2. Factors with
significant differences in the univariate Cox analysis were
further analyzed using multivariate Cox regression and
included age, gender, race, marital status, insurance status,
tumor grade, stage (1/N/M), surgery, and number of nodes
examined. The outcomes showed that increased age was
associated with poorer survival (HR =1.043, 95% CI: 1.041-
1.044, P<0.05). An increased number of nodes examined
was associated with a decreased risk of poor survival (HR
=0.982, 95% CI: 0.981-0.984, P<0.05). Female patients
had better survival than males (HR =0.834, 95% CI:
0.810-0.859, P<0.05). In terms of race, Black patients (HR
=1.090, 95% CI: 1.044-1.138, P<0.05) had a worse survival
than White patients, whereas other races (HR =0.837,
95% CI: 0.792-0.884, P<0.05) had a reduced risk of poor
survival compared with White patients. For marital status,
divorced (HR =1.219, 95% CI: 1.162-1.280, P<0.05), single
(HR =1.332, 95% CI: 1.277-1.389, P<0.05), and widowed
(HR =1.261, 95% CI: 1.213-1.311, P<0.05) patients had a
shorter survival time than married patients. Additionally,
patients with no specific insured status (HR =1.091, 95%
CI: 1.052-1.132, P<0.05), any Medicaid (HR =1.377, 95%
CI: 1.319-1.437, P<0.05), or who were uninsured (HR
=1.451, 95% CI: 1.331-1.580, P<0.05) had a worse survival
than insured patients. Patients with grade II (HR =1.225,
95% CI: 1.156-1.298, P<0.05), grade III (HR =1.561, 95%
CI: 1.465-1.664, P<0.05), and grade IV tumors (HR =1.795,
95% CI: 1.654-1.947, P<0.05) had a higher risk of poor
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Table 2 Predictor screening for the survival of CC patients
Univariable Cox regression model Multivariate Cox regression model
Variables
HR (95% Cl) P HR (95% Cl) P

Age 1.032 (1.031, 1.033) <0.001 1.043 (1.041, 1.044) <0.001
Gender

Male Ref Ref

Female 0.965 (0.938, 0.992) 0.011 0.834 (0.810, 0.859) <0.001
Race

White Ref Ref

Black 1.059 (1.015, 1.105) 0.008 1.090 (1.044, 1.138) <0.001

Others 0.822 (0.779, 0.869) <0.001 0.837 (0.792, 0.884) <0.001
Marital status

Married Ref Ref

Divorced 1.251 (1.192, 1.312) <0.001 1.219 (1.162, 1.280) <0.001

Separated 1.024 (0.887, 1.183) 0.744 1.065 (0.921, 1.231) 0.394

Single 1.216 (1.168, 1.266) <0.001 1.332 (1.277, 1.389) <0.001

Unmarried or domestic partner 0.953 (0.680, 1.334) 0.779 1.273 (0.909, 1.783) 0.160

Widowed 1.800 (1.740, 1.864) <0.001 1.261 (1.213, 1.311) <0.001
Insurance status

Insured Ref Ref

Insurance status unknown 1.248 (1.203, 1.294) <0.001 1.091 (1.052, 1.132) <0.001

Any Medicaid 1.366 (1.311, 1.423) <0.001 1.377 (1.319, 1.437) <0.001

Uninsured 1.109 (1.020, 1.205) 0.015 1.451 (1.331, 1.580) <0.001
Tumor grade

| Ref Ref

Il 1.497 (1.414, 1.585) <0.001 1.225 (1.156, 1.298) <0.001

1] 2.597 (2.442, 2.762) <0.001 1.561 (1.465, 1.664) <0.001

\% 2.966 (2.739, 3.212) <0.001 1.795 (1.654, 1.947) <0.001
T stage

T1 Ref Ref

T2 0.845 (0.793, 0.901) <0.001 0.954 (0.893, 1.019) 0.163

T3 1.480 (1.414, 1.550) <0.001 1.269 (1.205, 1.336) <0.001

T4 3.225 (3.072, 3.386) <0.001 1.974 (1.868, 2.086) <0.001
N stage

NO Ref Ref

N1 1.686 (1.630, 1.743) <0.001 1.397 (1.348, 1.447) <0.001

N2 2.972 (2.872, 3.076) <0.001 2.151 (2.066, 2.239) <0.001

Table 2 (Continued)
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Table 2 (Continued)
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Univariable Cox regression model

Multivariate Cox regression model

Variables
HR (95% CI) P HR (95% Cl) P
M stage
MO Ref Ref
M1 4.445 (4.313, 4.581) <0.001 3.106 (2.998, 3.219) <0.001
Surgery
Yes Ref Ref
No 5.286 (5.019, 5.567) <0.001 2.930 (2.758, 3.119) <0.001
Radiotherapy
Yes Ref
No 0.691 (0.631, 0.757) <0.001
Nodes examined 0.976 (0.975, 0.978) <0.001 0.982 (0.981, 0.984) <0.001
CC, colon cancer; HR, hazard ratio; Cl, confidence interval; ref: reference.
Points T T v T !
0 20 40 60 80 100
Race*** Others [ Black
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Insurance status unknown
Any medicaid
Insurance staus*** Insured 58 Uninsured
Widowed ynmarried or domestic partner
Marital staus*** Martied (3] singe
Seperated Divorced
Tumor grade*** = [ERp
[}
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Age™™™ . r . : . . : . . .
0 10 20 30 40 50 60 70 80 90 100
Total points - ; - - -
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0.005 0.015 0.04 0.1 0.3 0.7 0.94 0.998

Figure 2 Nomogram for predicting the 3- and 5-year survival of CC patients. ***, P<0.001. CC, colon cancer.

survival than patients with grade I tumors. As for T stage,
patients with T3 (HR =1.269, 95% CI: 1.205-1.336, P<0.05)
and T4 tumors (HR =1.974, 95% CI: 1.868-2.086, P<0.05)
had a worse survival than patients with T'1 tumors. Individuals
with N1 (HR =1.397, 95% CI: 1.348-1.447, P<0.05) and N2
tumors (HR =2.151, 95% CI: 2.066-2.239, P<0.05) had a

© Journal of Gastrointestinal Oncology. All rights reserved.

shorter survival time than those with NO tumors. The survival
rate of patients with M1 tumors was lower than patients with
MO tumors (HR =3.106, 95% CI: 2.998-3.219, P<0.05).
Patents without surgery had worse survival than patients with
surgery (HR =2.930, 95% CI: 2.753-3.119, P<0.05). Based on
these predictors, a nomogram was established to predict the 3-

7 Gastrointest Oncol 2022;13(5):2393-2405 | https://dx.doi.org/10.21037/jgo-22-878



Journal of Gastrointestinal Oncology, Vol 13, No 5 October 2022

A 1.0
0.8
206
=
=
(7]
c
[0
D04 4
0.2 1
// AUC (95% CI)
e == 3-year survival prediction: 0.817 (0.813-0.821),
0.0 / = 5-year survival prediction: 0.808 (0.804-0.812),

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

2399

0.8

Sensitivity
o
o

1

N
~
I

0.2 4

P 7 AUC (95% CI)
7 = 3-year survival prediction: 0.815 (0.811-0.819)
/7 = 5-year survival prediction: 0.805 (0.802-0.809)

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 3 ROC curves of the model for predicting the 3- and 5-year survival of CC patients. (A) Training cohort. (B) Testing cohort. ROC,

receiver operator characteristic; AUC, area under the curve; CC, colon cancer.

Table 3 The predictive performance of the model for 3- and 5-year survival

Model AUC (95% Cl)

Sensitivity (95% Cl)  Specificity (95% Cl)

NPV (95% Cl) PPV (95% Cl)  Accuracy (95% C)

Training set

3-year survival 0.817 (0.813-0.821) 0.688 (0.681-0.695) 0.785 (0.781-0.789) 0.861 (0.858-0.865) 0.565 (0.558-0.572) 0.757 (0.754-0.761)

prediction

5-year survival 0.808 (0.804-0.812) 0.716 (0.710-0.723) 0.740 (0.736-0.745) 0.836 (0.832-0.840) 0.586 (0.579-0.592) 0.732 (0.729-0.736)

prediction

Testing set

3-year survival 0.815 (0.811-0.819) 0.688 (0.681-0.695) 0.781 (0.777-0.785) 0.860 (0.856-0.863) 0.563 (0.556-0.570) 0.754 (0.751-0.758)

prediction

5-year survival 0.805 (0.802-0.809) 0.716 (0.710-0.723) 0.740 (0.735-0.744) 0.834 (0.830-0.838) 0.588 (0.582-0.595) 0.732 (0.728-0.735)

prediction

AUC, area under the curve; Cl, confidence interval; NPV, negative predictive value; PPV, positive predictive value.

and 5-year survival for CC patients (Figure 2).

A Cox regression model was established as follows: Y =
0.042 age - 0.181 female + 0.086 Black - 0.178 other + 0.198
married + 0.286 single + 0.232 widowed + 0.087 insured +
0.320 any Medicaid + 0.372 uninsured + 0.203 grade II +
0.445 grade III + 0.585 grade IV + 0.026 T3 stage + 0.680
T4 stage + 0.334 N2 stage + 0.766 N3 stage + 1.133 M
stage + 1.075 surgery - 0.018 examined nodes.

Development and validation of the nomogram

The ROC curves of the prediction model are shown in
Figure 3. The AUC of the model for predicting the 3- and
S-year survival of CC patients are displayed in Table 3.

© Journal of Gastrointestinal Oncology. All rights reserved.

In the training set, the AUC of the model of the 3-year
survival prediction was 0.817 (95% CI: 0.813-0.821), with
the sensitivity of 0.688 (95% CI: 0.681-0.695) and the
specificity of 0.785 (95% CI: 0.781-0.789). And the AUC
of the model of the 5-year survival prediction was 0.808
(95% CI: 0.804-0.812), with the sensitivity of 0.716 (95%
CI: 0.710-0.723) and the specificity of 0.740 (95% CI:
0.736-0.745). In the testing set, the AUC of the model of
the 3- and 5-year survival prediction were 0.815 (95% CI:
0.811-0.819) and 0.805 (95% CI: 0.802-0.809), respectively.

The predictive performance of the nomogram for
predicting the 3- and 5-year survival are presented in Tizble 4.
The C-index for the predictive nomogram was 0.775 (95%
CI: 0.771-0.779) in the training set and was confirmed to
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Table 4 The predictive performance of the nomogram

Groups C-index S.E. 95% Cl
Set
Training 0.775 0.002 0.771,0.779
Testing 0.774 0.002 0.770,0.778
Gender
Male 0.769 0.002 0.765, 0.773
Female 0.779 0.002 0.775, 0.783
Race
White 0.773 0.002 0.769, 0.777
Black 0.770 0.005 0.760, 0.780
Others 0.770 0.005 0.760, 0.780

Cl, confidence interval; S.E., standard error.

be 0.774 (95% CI: 0.770-0.778) in the testing set. The
C-index for the nomogram in male patients and female
patients was 0.769 (95% CI: 0.765-0.773) and 0.779 (95%
CI: 0.775-0.783), respectively. In addition, the C-index for
the nomogram in White, Black, and other races were 0.773
95% CI: 0.769-0.777), 0.770 (95% CI: 0.760-0.780), and
0.770 (95% CI: 0.760-0.780), respectively.

The calibration curves for survival predicted by the
nomogram in different cohorts are illustrated in Figures 3-5,
including the training (Figure 44) and testing (Figure 4B)
sets; male patients (Figure 5A); female patients (Figure 5B);
and White (Figure 6A4), Black (Figure 6B), and other races
(Figure 6C). The results showed a good agreement between
the actual and predicted values.

Sample

A patient’s information, randomly selected from the training
set, is used as an example: 85 years old, White race, male,
married, insured, tumor grade II, T2 stage, NO stage,
MO stage, history of surgery, no radiation therapy, and
16 nodes examined. The patient’s total score calculated by
the nomogram was 747 points; the 3-year risk of death was
0.241; the 5-year risk of death was 0.357 (Figure 7). The
patient’s actual survival status is “survival” indicating that
the nomogram-predicted results were correct in this case.

Discussion

CC is one of the most common types of malignant tumors

© Journal of Gastrointestinal Oncology. All rights reserved.
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worldwide, posing a severe threat to human life and health.
According to statistics, the survival of CC patients is
estimated to be 50-70%, with a 5-year net survival lower
than 50% in some countries (12). In addition, the prognosis
of CC is influenced by many complex factors, increasing the
difficulty of evaluating prognosis and making therapeutic
decisions. Therefore, to improve the prognosis of CC
patients, it is essential for physicians to identify patients
with a poor prognosis. This study developed and validated
a nomogram to predict the 3- and 5-year survival of CC
patients based on 113,239 participants. The nomogram
incorporated variables associated with CC prognosis,
including age, gender, race, marital status, insurance status,
tumor grade, stage (I/N/M), surgery, and number of nodes
examined. The C-index of the nomogram was 0.775 (95%
CI: 0.771-0.779) in the training set and confirmed as 0.774
(95% CI: 0.770-0.778) in the testing set. In addition, the
C-index for the predictive nomogram in White, Black
and other races was 0.773 (95% CI: 0.769-0.777), 0.770
95% CI: 0.760-0.780), and 0.770 (95% CI: 0.760-0.780),
respectively. The calibration curves in the training and
testing cohorts suggested the nomogram may have a
good predictive ability. These findings indicated that the
developed nomogram had a certain ability to predict the
survival of CC patients.

Our results showed that marital status affected CC
prognosis, which could be attributed to the following
plausible explanations: (I) married people are more likely to
develop healthier lifestyles with the supervision and help of
their spouses (13); (II) patients with bad marriages or single
patients are more vulnerable to negative emotions, such
as anxiety and hopelessness, adversely affecting individual
coping strategies when facing cancer (14); (III) spouses
may encourage patients to receive treatments positively
and provide practical assistance and care (15). Age was used
as a prognostic indicator for CC patients. Our findings
indicated that the prognosis for older patients with CC
was worse than that for younger patients. For elderly CC
patients, a full evaluation is needed when selecting surgical
resections that may cause significant trauma. Strategies
for enhancing geriatric care might help to reduce the poor
outcome of elderly CC patients. Of note, we observed that
CC patients from the SEER database were mostly over
60 years old. Since the onset age of CC tends to be
younger (16), the relationship between age and prognosis
should be interpreted with caution. Concerning gender, we
found that male patients with CC had a poorer prognosis than
female patients, probably partly due to differences in hormone
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Figure 5 Calibration plots of the nomogram prediction in CC patients. (A) Males. (B) Females. CC, colon cancer.

levels. A recent study indicated that higher androgen levels
were associated with the formation of CC tumors because
they promote faster intestinal stem cell division and induce a
decreased production of mature epithelial cells (17).

Previous studies have found that CC patients with
Medicaid only or no insurance had worse survival, consistent
with our results (18,19). Patients without insurance were
less inclined to receive cancer screening, and most had
already progressed to severe stages when diagnosed (20,21).
Additionally, they may accept an incomplete assessment
of symptoms and refuse chemotherapy for their advanced
disease (22). The present study found that the prognosis of
CC cases differed in diverse races, with a better prognosis
seen in White patients than Black patients. Sineshaw er a/.
revealed that Black Americans with CC had higher mortality

than Caucasians due to the differences in insurance (23).

© Journal of Gastrointestinal Oncology. All rights reserved.

Full implementation of healthcare security policies might
be a vital measure to improve CC patients’ prognosis.

The TNM staging system has been widely used in the
pathological staging of CC. T stage refers to the depth of
the tumor invasion, affecting the prognosis of CC patients.
Lymphatic vessels of the colonic wall arise from the
submucosal layer, and if the tumor infiltration reaches the
submucosal layer, lymph node metastasis may occur (24-27).
The deeper the invasion, the higher the probability of
lymph node metastasis and the poorer the prognosis. In
most cases, tumor cell infiltration of surrounding tissues
by breaking through the serosal surface was observed
in the T4 stage. Additionally, intestinal obstruction and
intestinal perforation generally occur in patients with a
T4-stage tumor. Burdy ez 4/. suggested that the T4 stage
could independently predict the prognosis of CC patients
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with grade II tumors who needed to receive postoperative
adjuvant chemotherapy (28). Prior research has demonstrated
that lymph node metastasis was also an independent predictor
of prognosis for CC patients. The greater the number of
lymph node metastases, the worse the prognosis, and patients
with lymph node metastases had a poorer prognosis than those
without lymph node metastases (29). Adjuvant chemotherapy
was adopted for these patients (30,31).

The number of nodes examined has become one of the
most critical indicators affecting the surgery and medical
treatment of CC patients. An adequate number of nodes
examined might contribute to a more accurate diagnosis of
CC to guide adjuvant therapy. Consistent with our results,
Ramser et al. also found that the number of nodes examined
was an independent predictor of CC prognosis. Detecting
more than or equal to 12 lymph nodes could improve the
prognosis of patients with CC, indicating that too few nodes
examined was associated with a poor prognosis, especially

© Journal of Gastrointestinal Oncology. All rights reserved.

in patients with grade II tumors (32). Clinically, fewer
nodes examined could result in an inaccurate pathological
assessment, which might influence subsequent adjuvant
therapy, and further affect prognosis.

Although several nomograms have been used for CC
prognosis prediction (33,34), the small sample size of
these studies may be insufficient for clinicians to apply
practically. In this study, a multi-factor prediction system
was established based on 113,239 participants, which may
help clinicians identify CC patients with a poorer 3- and
S-year survival. In clinical practice, physicians should not
only consider the severity of the patient’s illness from the
clinical perspective but also consider the patient’s insurance
status from the perspective of health economics to
accurately assess prognosis. Herein, the multi-dimensional
and personalized quantitative model proposed by this study
will help physicians estimate the survival of CC patients and
identify the populations who need close follow-up.
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Several limitations in this study cannot be ignored.
Firstly, the main limitation of our nomogram was the
absence of external validation. Secondly, the lack of
biological markers and laboratory indicators might affect
the prediction performance of the nomogram. Thirdly,
the effect of different surgical procedures on prognosis
could not be analyzed, which should be assessed in future
studies. Additionally, information on adjuvant therapy for
CC patients with lymph node metastasis was not available
from the SEER database, which may have influenced the
predictive accuracy of the nomogram. Further models
could be built based on a combination of clinical features
and biological markers, with external validation to achieve
a more accurate survival predictive performance in CC
patients.

© Journal of Gastrointestinal Oncology. All rights reserved.

Conclusions

We developed a nomogram that performed well in
predicting survival for 113,239 participants from the SEER
database, which may prove helpful in providing individual
survival predictions for CC patients.
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