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Background: Although the current treatment for esophageal cancer has great technological progress, the
5-year survival rate of patients is not optimistic. About 70% of patients with esophageal cancer are at an
advanced stage at first diagnosis. These patients are prone to distant metastasis, and the prognosis is poor.
Therefore, understanding the risk factors for distant metastasis in patients with esophageal cancer, combined
with the prognosis of the patient, can aid in choosing the optimal diagnosis and treatment plan. Ultimately,
it will improve the patient’s survival time and quality of life. This research aims to construct a model for the
risk assessment of distant metastasis in patients with esophageal cancer and prognostic models for patients
with distant and non-distant metastases.

Methods: The Surveillance Epidemiology and End Results (SEER) database was used to select patients
with esophageal cancer from 2010 to 2015. The optimal cutoff point was selected for the age and tumor size
variables using X-tile. The nomogram was constructed using R software (The R Foundation for Statistical
Computing).

Results: Gender, grade, T stage, N stage, and tumor size were independent risk factors associated with
distant metastasis in patients with esophageal cancer. The concordance index (C-index) of the nomogram
prediction model for whether the patient will have distant metastasis was 0.609. Age, grade, T stage, N
stage, and tumor size were independent risk factors affecting the prognosis without distant metastasis. The
C-index of the nomogram prediction model for patients with distant metastases was 0.590. Age and T stage
were independent risk factors affecting the prognosis of patients with distant metastases. The C-index of
the nomogram prediction model was 0.543. The combination of radiotherapy, chemotherapy, and primary
surgery yielded the best overall survival for both patients with distant metastases and patients with non-
distant metastases.

Conclusions: A comprehensive assessment of the risk of distant metastasis in patients with esophageal
cancer, combined with prognosis prediction, is necessary to provide patients with a reasonable treatment

plan.
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Introduction

Esophageal cancer is one of the most common malignant
tumors worldwide, with the seventh highest incidence
rate and the sixth highest mortality rate globally (1). The
current treatment methods for esophageal cancer include
surgery, radiotherapy, and chemotherapy. Although great
technological progress has been made, the 5-year survival
rate of patients is not optimistic. Most clinically diagnosed
and treated patients are already in the middle and advanced
stages are the main reason. Studies show that fewer than
40% of patients with esophageal cancer undergoing radical
treatment have a 5-year survival rate of about 25-50% (2).
In terms of treatment choice 20-30% of patients choose
to receive neoadjuvant chemotherapy and neoadjuvant
chemoradiotherapy, but the effect is not significant, and
early recurrence remains an intractable clinical challenge (3).
One option, esophagectomy, is traumatic, with a long
postoperative recovery time, many complications, a high
postoperative mortality rate, and an adverse impact on the
quality of life of patients. In contrast, endoscopic mucosal
resection (EMR) and endoscopic submucosal dissection
(ESD) preserve the integrity of the esophagus, with little
surgical trauma; however, lymph node dissection remains
difficult. There thus remains a lack of standard treatment
options for patients with esophageal cancer. At present,
experts are focusing their response strategies on the early
detection, diagnosis and early treatment of esophageal
cancer, which is an important measure to improve the
prognosis of patients. Screening for esophageal cancer has
gone from a large-scale social group census to the current
mode of combining key screening of high-risk groups with
opportunistic individual screening, which has improved
the accuracy of screening, screening rate and early cancer
detection rate.

Tumor invasion and metastasis are the most important
biological characteristics of malignant tumors and have
considerable impact on the treatment efficacy and prognosis
of patients with esophageal cancer (4). About 70% of
patients with esophageal cancer are at an advanced stage at
first diagnosis, and advanced esophageal cancer is prone to
distant metastasis. The prognosis of metastatic esophageal
cancer, especially in cases with multiple metastases, is
very poor (5). Therefore, understanding the risk factors
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for distant metastasis in patients with esophageal cancer,
combined with the prognosis of the patient, can aid in
choosing the optimal diagnosis and treatment plan, and
ultimately improve the patient’s survival time and quality
of life. Our study establishes a simple and easy-to-use
predictive model for predicting distant metastasis and
prognosis of patients with esophageal cancer. Using the
Surveillance Epidemiology and End Results (SEER) patient
database, the most beneficial treatment methods for patients
in the future can help reduce the current high mortality rate
and increase the quality of life.

We present the following article in accordance with the
TRIPOD reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-429).

Methods
Patient data

A total of 2,181 esophageal cancer patients with complete
follow-up data from 2010 to 2015 in the SEER database
were selected as the study subjects. All patients had only
1 primary tumor of esophageal cancer. The follow-up
deadline was December 31, 2016. Clinical death was the
endpoint of follow-up. The patients’ gender, age, race,
tumor grade, T stage, N stage, primary site, pathological
type, tumor size, and other information were extracted for
summary analysis. The tumor-node-metastasis (TINM)
staging is based on the 7th edition of the American Joint
Committee on Cancer (AJCC), and the histological type
is based on the International Classification of Diseases
for Oncology, third edition (ICD-0O-3). The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013).

Statistical methods

SPSS 19.0 software (IBM Corp., Armonk, NY, USA)
was used for single factor 2x C chi-square test, logistic
regression analysis, and Cox regression analysis. For
the factors with the expected value of <1, Fisher’s exact
probability test was used. The forest map was drawn by
Stata 15.1 software (StataCorp., College Station, TX, USA).
R version 3.6.2 software (The R Foundation for Statistical
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Figure 1 The survival curve for patients with esophageal cancer. (A) Overall survival curve for patients with esophageal cancer;

(B) comparison of overall survival between patients with and without distant metastases.

Computing) was used to draw the survival curve and
calculate the survival time and survival rate, and to build
the predictive model. The receiver operator characteristics
(ROC) curve was used to verify the constructed prediction
model, which was completed using Medcalc medical
statistical software (MedCalc Software Ltd., Ostend,
Belgium).

Results

Analysis of overall survival rate in patients with esophageal
cancer

The median survival time for patients of esophageal cancer
was 17 [95% confidence interval (CI), 15.71-18.30] months,
and the 1-, 3-, and 5-year survival rates were 60.71% (95%
CI: 58.61-62.81), 31.11% (95 % CI: 28.96-33.21), and
20.92% (95% CI: 18.74-23.10), respectively (Figure 1A).
Of the 2,181 patients, 350 patients had distant metastases,
and 1831 patients had no distant metastases. The median
survival time of patients with distant metastasis and those
without distant metastasis was 8 (95% CI: 6.95-9.05) and 21
(95% CI: 19.55-22.46) months, respectively. The difference
was statistically significant (logrank x°=263.74, P<0.001;
Figure 1B).
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Selection of the best cutoff point

X-tile software was used to select the best cutoff points for
the age and tumor size. The results showed that the best
cutoff points for age were <72 and >72 years, and the best
cutoff points for tumor size were <63 and >63 mm (Figure 2).

Analysis of velated factors affecting distant metastasis and
visualization of multivariate logistic regression in patients
with esopbageal cancer

Univariate analysis results showed that gender, grade, T
stage, N stage, and tumor size were the relevant risk factors
for distant metastasis in patients with esophageal cancer
(Table 1). Multivariate logistic regression analysis showed
that gender, grade, T stage, N stage, and tumor size were
independent risk factors for distant metastasis in patients
with esophageal cancer (Table 1; Figure 34).

A nomogram prediction model was constructed based on
independent risk factors for distant metastasis (Figure 3B),
with a concordance (C-index) of 0.609 (95% CI 0.578-
0.640). The formula for risk was calculated as follows: Risk
= 0.231x107 x total points — 1.677x10° x total points’ —
3x10” x total points’ + 0.457. The ROC curve was also used
to verify the model, and the area under the curve (AUC) was
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(dark, black) to high (green or red). Indirect associations between age and survival are in red, whereas positive associations are in green; (B)
the histogram shows the optimal cutoff point of age (blue: age <72 years old, gray: age >72 years old); (C) the Kaplan-Meier curve shows the
corresponding cutoff point of age (blue: age <72 years old, gray: age >72 years old); (D) the coloration of the plot represents the strength
of the association, ranging from low (dark, black) to high (green or red). Indirect associations between tumor size and survival are in red,
whereas positive associations are colored green; (E) the histogram shows the optimal cutoff point of tumor size (blue: tumor size <63 mm,

gray: age >63 mm); (F) the Kaplan-Meier curve shows the corresponding cutoff point of tumor size (blue: tumor size <63 mm, gray: age

>63 mm).
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Figure 2 Selection of the best cutoff points. (A) The coloration of the plot represents the strength of the association, ranging from low

Table 1 Univariate analysis and multivariate logistic regression analysis of distant metastasis in patients with esophageal cancer

Univariate analysis

Multivariate Logistic regression analysis

Variable Cases Distant No distant Hazard ratio
(n=2,181) metastasis metastasis ¥ P (95% C) $ P
(n=350) (n=1,831)
Gender 6.759 0.009 6.252 0.012
Male 1,746 298 1,448 1
Female 435 52 383 0.654 (0.469-0.912)
Age (years) 0.727 0.394
<72 1,688 277 1,411
>72 493 73 420
Race 6.553 0.083
White 1,819 276 1,543
Black 174 36 138

Table 1 (continued)

© Journal of Gastrointestinal Oncology. All rights reserved.
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Univariate analysis

Multivariate Logistic regression analysis

Variable (:Zie: 1) Distant. No diStar.]t ) Hazard ratio B
=<, metastasis  metastasis X P X P
(n=350) (n=1,831) (95% Ci)
Asian 165 33 132
Others 23 5 18
Grade 13.598 0.004 10.203 0.017
| 102 7 95 1
Il 943 137 806 1.785 (0.505-6.312)
1l 1,100 201 899 2.318 (1.028-5.223)
\Y 36 5 31 2.978 (1.329-6.674)
T stage 143.239 0.000 125.515 0.000
T1 330 97 233 1
T2 318 32 286 1.176 (1.071-1.417)
T3 1,278 134 1,144 1.245 (1.166-1.312)
T4 255 87 168 1.405 (1.250-1.764)
N stage 46.460 0.000 37.598 0.000
NO 619 63 556 1
N1 1,109 209 900 1.680 (1.090-2.589)
N2 353 45 308 2.282 (1.662-3.135)
N3 100 33 67 4.158 (2.435-7.101)
Primary site 11.318 0.072
Cervical esophagus 35 1 34
Upper third of esophagus 125 15 110
Middle third of esophagus 372 61 311
Lower third of esophagus 1,469 242 1,227
Abdominal esophagus 14 0 14
Overlapping lesion of 89 14 75
esophagus
Thoracic esophagus 77 17 60
Pathological type 0.765 0.682
Squamous cell carcinoma 724 111 613
Adenocarcinoma 1,244 207 1,037
Others 213 32 181
Tumor size (mm) 27.791 0.000 9.877 0.002
<63 1,529 204 1,325 1
>63 652 146 506 1.507 (1.167-1.946)
Constant 0.096 29.469 0.000

© Journal of Gastrointestinal Oncology. All rights reserved.
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Figure 3 Multivariate logistic regression analysis and visualization
of multivariate logistic regression in patients with esophageal
cancer. (A) Forest plots for multivariate logistic regression analysis;
(B) construction of a nomogram for risk of distant metastasis
in esophageal cancer; (C) validation of a distant transfer risk
prediction model based on ROC curve.
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0.609 (95% CI: 0.589-0.630; z statistic =6.754; P<0.001).
In addition, the sensitivity, specificity, and criterion values
were 72.9, 45.8, and 104.8938, respectively (Figure 3C).

Prognostic analysis of patients without distant metastasis

The results of univariate and multivariate Cox regression
analysis showed that age, grade, T stage, N stage, and tumor
size were independent risk factors affecting the prognosis of
patients without distant metastasis (Tzble 2; Figure 44,4B).

A nomogram prediction model was constructed based
on independent risk factors affecting distant metastasis
(Figure 4C), with a C-index of 0.590 (95% CI: 0.571-0.609).
The formulae for survival were calculated as follows: 1-year
survival =3.867x107° x total points’ — 0.407x10” x total
points’— 0.928x107 x total points + 0.809; 3-year survival =
1.323x107 x total points’~ 0.367x10” x total points’ - 0.019
x total points + 0.579; and S-year survival = 1.358x10”
x total points’ — 0.168x10” x total points’ - 00.022 x total
points + 0.470. ROC curve was also used to verify the
model, and the AUC was 0.627 (95% CI: 0.605-0.649;
z statistic =9.339; P<0.001). In addition, the sensitivity,
specificity, and criterion values were 61.1, 58.9, and 9.0892,
respectively (Figure 4D).

In all, 89 patients received radiotherapy only, 868 patients
received radiotherapy + chemotherapy, and 844 patients
received radiotherapy + chemotherapy + primary site
surgery. No analysis was performed for other treatments
due to the small number of patients in other categories. The
results showed that the median survival time of patients
receiving triple therapy was 39 (95% CI: 33.669-44.331)
months with the best prognosis, while the median survival
time of patients receiving radiotherapy only was 7 (95%
CI: 4.867-9.133) months with the worst prognosis (Table 3;
Figure 4E).

Prognostic analysis of patients with distant metastases

The results of univariate and multivariate Cox regression
analysis show that age and T stage were independent risk
factors affecting the prognosis of patients with distant
metastases (Table 4, Figures 5A,5B).

A nomogram prediction model was constructed based on
independent risk factors for distant metastasis (Figure 5C),
with a C-index of 0.543 (95% CI: 0.517-0.569). The
formulae for survival were calculated as follows: 1-year
survival =0.341 — 0.013 x total points; and 3-year survival =
0.101 - 0.692x10” x total points. The ROC curve was also
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Table 2 Univariate and multivariate Cox regression analysis
Univariate Cox regression analysis Multivariate Cox regression analysis
Variable Cases
Hazard ratio (95% CI) b P Hazard ratio (95% Cl) b P
Gender
Male 1,448 1 2.451 0.117
Female 383 0.891 (0.772-1.029)
Age (years)
<72 1,411 1 28.486 0.000 1 35.318 0.000
>72 420 1.416 (1.246-1.609) 1.482 (1.301-1.687)
Primary site
Cervical esophagus 34 1 23.720 0.001 1 12117 0.059
Upper third of esophagus 110 0.851 (0.543-1.333) 0.946 (0.599-1.494)
Middle third of esophagus 311 0.922 (0.614-1.384) 0.991 (0.652-1.507)
Lower third of esophagus 1,227 0.728 (0.492-1.076) 0.845 (0.556-1.284)
Abdominal esophagus 14 1.244 (0.628-2.466) 1.524 (0.755-3.076)
Overlapping lesion of 75 1.174 (0.739-1.865) 1.197 (0.738-1.941)
esophagus
Thoracic esophagus 60 0.807 (0.493-1.323) 0.826 (0.498-1.369)
Grade
I 95 1 8.120 0.044 1 8.351 0.039
I 806 0.921 (0.706-1.201) 0.902 (0.691-1.178)
11l 899 1.081 (0.831-1.406) 1.071 (0.821-1.397)
1\ 31 1.247 (0.766-2.031) 1.231 (0.750-2.020)
Pathological type
Squamous cell carcinoma 613 1 8.877 0.012 1 2.857 0.240
Adenocarcinoma 1037 0.832 (0.737-0.940) 0.893 (0.764-1.043)
Others 181 0.857 (0.698-1.052) 0.840 (0.668-1.057)
T stage
T1 233 1 22.260 0.000 1 11.926 0.008
T2 286 0.811 (0.650-1.012) 0.859 (0.686-1.076)
T3 1,144 1.049 (0.880-1.250) 1.008 (0.839-1.210)
T4 168 1.412 (1.114-1.788) 1.311 (1.024-1.677)
N stage
NO 556 1 37.300 0.000 1 34.297 0.000
N1 900 1.189 (1.040-1.361) 1.193 (1.039-1.369)
N2 308 1.455 (1.229-1.722) 1.465 (1.229-1.745)
N3 67 2.128 (1.599-2.833) 2.109 (1.574-2.827)

Table 2 (continued)
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Univariate Cox regression analysis

Multivariate Cox regression analysis

Variable Cases " "
Hazard ratio (95% ClI) X P Hazard ratio (95% ClI) X P
Tumor size (mm)
<63 1,325 1 31.857 0.000 1 17.842 0.000
>63 506 1.422 (1.259-1.608) 1.317 (1.159-1.497)
Race
White 1,543 1 7.125 0.068
Black 138 1.248 (1.020-1.526)
Asian 132 1.195 (0.962-1.485)
Others 18 0.815 (0.406-1.634)
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Figure 4 Prognostic analysis of patients without distant metastasis. (A) Forest plots for univariate Cox regression analysis; (B) Forest plots

for multivariate Cox regression analysis; (C) construction of the non-distant metastatic prognosis nomogram; (D) validation of the non-

distant metastatic prognosis nomogram based on ROC curve; (E) comparison of overall survival among treatment methods.
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Table 3 Comparison of prognoses among different treatment methods

1 2 Median survival time (95% CI) (months)
e P e P
1 - - - - 7 (4.867-9.133)
2 34.876 0.000 - - 15 (13.658-16.342)
3 178.810 0.000 162.939 0.000 39 (33.669-44.331)

Note: 1, radiotherapy only; 2, radiotherapy + chemotherapy; 3, radiotherapy + chemotherapy + primary site surgery.

Table 4 Univariate and multivariate Cox regression analysis

Univariate Cox regression analysis Multivariate Cox regression analysis
Variable Cases
Hazard ratio (95% ClI) $ P Hazard ratio (95% ClI) b P
Gender
Male 298 1 0.256 0.613
Female 52 0.922 (0.674-1.262)
Age (years)
<72 277 1 6.239 0.012 1 4.711 0.030
>72 73 1.404 (1.076-1.833) 1.349 (1.030-1.769)
Primary site
Cervical esophagus 1 1 1.132 0.951
Upper third of esophagus 15 1.199 (0.156-9.187)
Middle third of esophagus 61 1.214 (0.168-8.786)
Lower third of esophagus 242 1.112 (0.156-7.943)
Overlapping lesion of 14 1.452 (0.188-11.194)
esophagus
Thoracic esophagus 17 1.088 (0.143-8.249)
Grade
| 7 1 8.123 0.044 1 7.258 0.064
Il 137 0.986 (0.460-2.115) 1.108 (0.510-2.387)
1 201 1.327 (0.623-2.826) 1.444 (0.674-3.093)
\% 5 2.060 (0.651-6.519) 2.308 (0.727-7.332)
Pathological type
Squamous cell carcinoma 111 1 0.827 0.661
Adenocarcinoma 207 1.106 (0.866-1.411)
Others 32 1.160 (0.762-1.765)
T stage
T 97 1 8.679 0.034 1 8.152 0.043
T2 32 0.750 (0.490-1.148) 0.711 (0.464-1.090)
T3 134 0.729 (0.553-0.960) 0.738 (0.559-0.976)
T4 87 1.046 (0.774-1.414) 1.028 (0.757-1.397)
Table 4 (continued)
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Table 4 (continued)
Univariate Cox regression analysis Multivariate Cox regression analysis
Variable Cases
Hazard ratio (95% CI) b P Hazard ratio (95% CI) e P
N stage
NO 63 1 6.548 0.088
N1 209 0.838 (0.624-1.127)
N2 45 1.246 (0.841-1.845)
N3 33 0.795(0.512-1.237)
Tumor size (mm)
<63 204 1 2.849 0.091
>63 146 1.212 (0.970-1.515)
Race
White 276 1 1.665 0.645
Black 36 0.962 (0.666-1.391)
Asian 33 1.247 (0.858-1.813)
Others 5 0.805 (0.300-2.164)
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Figure 5 Prognostic analysis of patients with distant metastases. (A) Forest plots for univariate Cox regression analysis; (B) Forest plots

for multivariate Cox regression analysis; (C) construction of distant metastatic prognosis nomogram; (D) validation of distant metastatic

prognosis nomogram based on the ROC curve; (E) comparison of overall survival among treatment methods.
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Table 5 Comparison of prognoses among different treatment methods
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! 2 Median survival time (95% CI) (months)
s P 8 P
1 - - - - 3 (1.925-4.075)
2 73.568 0.000 - - 9 (7.855-10.145)
3 47.976 0.000 14.693 0.000 22 (12.383-31.617)

Note: 1, radiotherapy only; 2, radiotherapy + chemotherapy; 3, radiotherapy + chemotherapy + primary site surgery.

used to verify the model, and the AUC was 0.586 (95% CI:
0.532-0.638; z statistic =1.785; P=0.074). In addition, the
sensitivity, specificity, and criterion values were 42.8, 71.9,
and 1.2166, respectively (Figure 5D).

In all 60 patients received radiotherapy only, 260 patients
received radiotherapy + chemotherapy, and 24 patients
received radiotherapy + chemotherapy + primary surgery.
No analysis was performed for other treatments due to
the small number of patients in the other categories. The
results showed that the median survival time of patients
receiving triple therapy was 22 (95% CI: 12.383-31.617)
months with the best prognosis, while the median survival
time of patients receiving radiotherapy only was 3 (95%
CI: 1.925-4.075) months with the worst prognosis (1zble 5,
Figure SE).

Discussion

Esophageal cancer is still the sixth leading cause of cancer-
related deaths globally, with more than 500,000 people
dying of esophageal cancer each year (1). Although the level
of medical diagnosis and treatment continues to rise, due to
the lack of clinical symptoms in the early stage of esophageal
cancer, most patients are diagnosed at the advanced stage,
and prone to distant metastasis, with a median survival time
of only about 10 months (6,7). Identifying risk factors that
affect the prognosis of patients with esophageal cancer and
improving the survival rate of patients are still a clinically
urgent problems to be solved (8,9).

"To some extent, distant metastases reflect the malignancy
and progression of cancer. Patients with distant metastases
often enter the terminal stage of the disease, and the
prognosis is significantly worse than that of patients without
distant metastases. Our study also found that the median
survival time for patients with distant metastasis and without
distant metastasis was 8.00 (95% CI: 6.95-9.05) months
and 21.00 (95% CI: 19.55-22.46) months, respectively, with
significant differences. For metastatic esophageal cancer,

© Journal of Gastrointestinal Oncology. All rights reserved.

the number of metastatic organs is closely correlated with
the progress of the disease. The worse the condition is, the
worse the prognosis. It is crucial that clinicians understand
these conditions so that the treatment strategy can be
chosen rationally. Although positron emission tomography-
computed tomography (PET-CT) and other current
examination methods can be used to accurately evaluate the
scope of esophageal cancer’s whole-body involvement, they
are often limited by their high cost and thus do not lend
themselves to widespread clinical adoption (10).

The nomogram model is a statistical tool that provides
risk prediction for a single patient. It has been used in
the assessment of the prognosis of multiple cancers, is
considered to have advantages over traditional staging
evaluation, and can even serve as a new standard to guide
the treatment of cancer patients (11,12). Nomograms are
often used not only to predict the survival of patients with
all types of cancer but also to successfully quantify risk
predictions based on clinicopathological variables (13).
This method can provide oncologists with quantification
of distant metastasis risk and prognosis in patients with
esophageal cancer, thereby helping clinicians to perform
more necessary examinations and appropriate treatments,
avoid unnecessary aggressive treatments, and ultimately
improve patient survival rate and quality of life. This
study is the first attempt to use logistic and Cox regression
analyses to establish a nomogram prediction model to
predict the risk of distant metastasis and prognosis in
patients with esophageal cancer. Compared with ROC
curve, X-tile considers the time variable when selecting
the cutoff point, which is more accurate than ROC curve
(14-16). Therefore, using X-tile to determine the optimal
critical point can obtain more valuable clinical data. In
addition, only one primary tumor of esophageal cancer was
selected for this study. The effects of distant metastases
from other primary tumors were excluded. The risk
of distant metastases from esophageal cancer was only
discussed with rigorous scientific statistical methods, which
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makes the results more accurate and reliable and therefore
more instructive.

In this study, the purpose of constructing the nomogram
prediction model was to predict patients who are prone
to distant metastases and to evaluate the prognosis of
patients with and without distant metastases . Based on the
calculation formula of the prediction model obtained in the
nomogram model, we drew the ROC curve to obtain the
best cutoff point, so as to judge the level of transfer risk and
prognosis. Clinical oncologists can use these results to help
reduce the current high mortality rate of esophageal cancer
in the future by selecting the most beneficial diagnostic
methods for patients. In the logistic regression results
of distant metastasis in patients with esophageal cancer,
when the total points are greater than 104.8938, the risk of
distant metastasis is higher. As evident from the nomogram
prediction model, the N stage and grade contribute the
most to the score. The later the N stage and grade are, the
stronger their invasion ability and the greater the risk of
distant transfer (17).

Subsequently, independent risk factors for prognosis
were analyzed for patients with distant metastases and
patients without distant metastases, and nomogram
prediction models were drawn. At the same time, the best
cutoff point of ROC was used to judge the prognosis. It is
evident that age, grade, T stage, N stage, and tumor size are
independent risk factors that affect the prognosis of patients
with no distant metastasis. Looking at the prognostic model
of the non-distant metastases nomogram and the cutoff
point of prognosis determined by the corresponding ROC
curve, we can see that when the total points are greater
9.0892, the prognosis can be considered poor. Age and T
stage are independent risk factors that affect the prognosis
of patients with distant metastases. Using the prognostic
model of the nomogram for distant metastases and the
cutoff point of prognosis determined by the corresponding
ROC curve, we can see that when the total points are
greater than 1.2166, the prognosis can be considered poor.
Due to the small number of patients with distant metastases
and their short survival time, 5-year cumulative survival
cannot be predicted, which has certain implications for
the predictive value of the prognostic model. We can see
that age and T stage are important factors influencing the
prognosis of patients regardless of whether the patient has
distant metastasis. Age can accurately reflect the state and
stability of the body, especially for patients with end-stage
tumors, and, to a certain extent, reflects the comprehensive
physical state of the patient. Several studies have shown that
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T stage is closely related to the prognosis of patients with
esophageal cancer. T stage is an important indicator of the
degree of tumor progression and is often associated with
the state of the tumor, which is consistent with the results
of this study (18,19). Grade is a manifestation of tumor
malignancy and invasiveness. A higher grade often indicates
a higher degree of malignancy and the possibility of
invasion and metastasis to surrounding tissues and organs,
and even to more distant organs. In patients with distant
metastases, due to the special characteristics of the included
population, grade, T stage, tumor size, and other factors
have not become risk factors affecting prognosis. Of course,
due to the short survival of patients with distant metastases,
the general risk factors included in the study will also be
greatly weakened (20).

In the choice of treatment options, we found that
regardless of whether the patient had distant metastases
or no-distant metastases, radiotherapy + chemotherapy
+ primary site surgery was the most effective treatment,
followed by combined radiotherapy and chemotherapy.
Radiotherapy alone was the least effective treatment. This
has certain implications: for patients with good prognosis
for esophageal cancer, whether or not distant metastasis
occurs, clinical oncologists should consider surgery
combined with chemotherapy to improve the prognosis of
patients. A randomized trial showed that for patients with
locally advanced esophageal cancer, the survival rate of
patients with surgery after neoadjuvant chemoradiotherapy
was significantly improved, and the pathological response
of radiotherapy and chemotherapy was the most critical
predictor of survival outcome (21). However, it is still
necessary to carry out further prospective research to
explore the best candidates for this combination therapy,
including factors such as radiation dose, technology, and
systemic treatment.

We built a model to assess the risk of distant metastasis
in patients with esophageal cancer. A prognostic model for
both patients with and without distant metastasis was also
constructed. For patients with esophageal cancer, the risk
of distant metastasis can be judged first according to the
cutoff point of the risk of distant metastasis. For high-risk
patients, it is recommended to conduct further imaging
examinations of organs to avoid missing distant metastases.
Patients can then be classified as distant metastasis or non-
distant metastasis according to the examination results,
and reasonable treatment recommendations can be given
in combination with different prognostic models. If the
patient’s prognosis is good, radiotherapy + chemotherapy
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+ primary surgery is recommended. If the prognosis is
not good, conservative treatment is recommended, with
the main treatment purpose being to improve the quality
of life. This can effectively balance medical resources and
takes into account the burden of patients and families. For
example, palliative radiotherapy and chemotherapy can
control the growth of EC tumors, improve patients’ eating
difficulties, maintain body nutrition, improve the quality
of life, and also help prolong the survival time of patients.
Esophageal stent implantation treatment can provide long-
lasting esophageal support and expansion, and improve the
symptoms of swallowing obstruction caused by malignant
esophageal stenosis, thereby alleviating the pain of eating,
and improving the nutritional status and quality of life of
the patient. and many more.

Naturally, there were limitations to this study which
should be mentioned. The related discussion of the patient’s
treatment plan could not explored more deeply because we
do not know what chemotherapy plan the patient received,
whether the distant metastases were treated, and what kind
of treatment was administered. In addition, the number of
cases in the distant metastasis group was too small, which
might have had a negative impact on the accuracy of the
prognosis prediction. Additionally, the number of cases
receiving triple therapy was small, with just 24 cases. A large
sample retrospective study is needed to determine whether
the patients with distant metastases who received the triple
therapy would receive the best treatment results.

In summary, multiple models built in this study yielded
prediction formulas, making the model more convenient to
use. More importantly, this study offers a comprehensive
analysis of the state of esophageal cancer patients, the
findings of which can be used to inform rational treatment
decisions and improve the survival time and quality of life of
patients thereby.

Conclusions

Our study provided a model for predicting the risk of
distant metastasis in patients with esophageal cancer, as well
as two personalized models for predicting the prognosis of
patients with distant metastasis and patients without distant
metastasis. We then visualized the model and provided a
simple and convenient calculation formula. In addition,
radiotherapy + chemotherapy + primary surgery was
determined to be more beneficial to prolonging the survival
time of patients with esophageal cancer. However, large
sample size and complete clinical information of esophageal
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cancer are still required for further confirmation of the
model.
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