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Prognostic analysis and nomogram 
establishment in patients with early 
esophageal cancer receiving endoscopic 
therapy: a population-based study
Danping Sun, Jun Yi, Lingqi Gong, Yu Wu and Xiaowei Liu

Abstract
Background: The growing numbers of early esophageal cancer (EEC) have increased the 
demand for endoscopic therapy.
Objectives: To clarify the influential factors for the prognosis of patients with EEC receiving 
endoscopic surgery, and to construct a nomogram to evaluate the prognostic value of 
endoscopic therapy.
Design: Prognostic analysis study.
Methods: Clinical data of EEC patients who received endoscopic therapy between 2004 and 
2015 were collected from the Surveillance, Epidemiology, and End Results database and used 
to construct the nomogram. The prognosis was analyzed by R language; the nomogram was 
constructed by Cox survival analysis; and the accuracy of the nomogram was verified by C 
index and the receiver operating characteristic (ROC) and calibration curves. X-Tile software 
was used to stratify the risk of patients.
Results: Our study constructed the nomogram of the prognosis of patients with EEC treated 
by endoscopic surgery, including 1118 patients and 5 independent prognostic factors of 
esophageal cancer-specific survival. The C index and the area under the ROC curve (AUC) 
of the training and verification cohorts were all >0.75. The calibration curve also reflected 
the good consistency of the model in predicting survival. Significant difference in the risk of 
patients from different stratifications with the same T staging existed, and the model had a 
better C index than that of the T staging.
Conclusion: Our study reports potential influential factors affecting the prognosis of EEC 
patients who received endoscopic therapy and establishes a reliable nomogram to predict 
the risk and prognosis, which has certain advantages compared with traditional TNM staging 
system.
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Introduction
Esophageal cancer is one of the most common 
malignant tumors worldwide, including two 
major histological types of esophageal squamous 
cell carcinoma and esophageal adenocarcinoma. 
Esophageal cancer ranks third by incidence and 
fourth by cancer-related deaths in China.1 In 

2020, the estimated new cases of esophageal can-
cer reached 18,440 in the United States, among 
which there were about 16,170 estimated deaths.2

For decades, the high mortality rate of esopha-
geal cancer was thought to be closely related to 
the advanced stages at diagnosis. In recent years, 
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there is a significantly increased rate of diagno-
sis at early stages owing to the enhanced moni-
toring of reflux esophagitis and Barrett’s 
esophagus as well as the improvement of health 
conscious of the public. Endoscopy plays an 
essential role in this process.3 Emerging endo-
scopic techniques benefit endoscopy to play a 
vital role in treating esophageal cancer, and the 
growing numbers of early diagnoses have also 
increased the demand for endoscopic therapy.4,5 
Nowadays, early esophageal cancer (EEC) can 
be treated by surgical resection, endoscopic 
resection, and adjuvant chemoradiotherapy. 
Surgical resection comprises total esophagec-
tomy and subtotal esophagectomy, and endo-
scopic therapy includes endoscopic mucosal 
resection and endoscopic submucosal dissec-
tion. Compared with surgical treatment, endo-
scopic therapy shows obvious advantages in 
shortening the length of stay in the hospital, 
reducing the readmission rate, decreasing the 
prevalence of treatment-related complications, 
and improving the quality of life.6,7 However, it 
has a disadvantage in intervening local lesions 
and lymph nodes. Adjuvant chemoradiotherapy 
may have a potential to make up for this short-
coming, while its role remains controversial 
owing to the presence of side effects.

So far, no relevant prospective randomized con-
trolled trials have been reported to provide a 
direct comparison between endoscopic therapy 
and surgical treatment. Some existing retrospec-
tive studies have compared the therapeutic effi-
cacy, recurrence rate, and survival rate of 
endoscopic therapy and surgery in patients with 
EEC. According to some studies, endoscopic and 
surgical treatments had no obvious difference in 
improving the survival of patients, with the advan-
tages of endoscopic therapy confirmed simultane-
ously.8–10 However, there are few studies analyzing 
the prognostic value of endoscopic therapy for 
EEC. Along with the wider application of endo-
scopic therapy in EEC, it is of great significance 
to clarify possible factors affecting the prognosis 
of EEC patients. The construction of a prognos-
tic model for endoscopic therapy of EEC is help-
ful for clinicians to have a more intuitive 
understanding of the influence of various factors 
and to determine whether patients are suitable for 
endoscopic therapy. Moreover, the risk score cal-
culated by the model can also provide evidence 
for evaluating the prognosis of patients after 

endoscopic therapy and developing individual-
ized treatment for certain patients.

Our study analyzed the survival data collected 
from the Surveillance, Epidemiology, and End 
Results (SEER) database. The primary purpose 
of this study was to explore the influential fac-
tors that affect esophageal cancer-specific sur-
vival (ECSS) of patients with EEC who received 
endoscopic therapy and construct a nomogram 
of the prognosis model. Findings in our study 
are expected to provide reference for clinicians 
to evaluate the prognosis of patients with EEC 
after endoscopic therapy and assist clinical 
decision-making.

Methods

Data extraction and inclusion of target patients
Diagnosis and treatment data of cancer patients 
were collected from the SEER database (https://
seer.cancer.gov/), a database widely used in clini-
cal research.11 Searching through the SEER 
database in 2022 by using SEER*STAT software 
(version 8.4.0), we downloaded the data of 1760 
patients who had undergone endoscopic surgery 
and were diagnosed with first primary malignant 
tumor of esophageal cancer from 2004 to 2019.
Eligible patient data were obtained based on the 
preset inclusion and exclusion criteria. The inclu-
sion criteria were the following: Site recode: 
ICD-O-3/WHO 2008: esophagus; RX Summ-
Surg Prim Site: 10-29; First malignant primary 
indicator: Yes; and Derived AJCC: T1N0M0. 
Indicators included age at diagnosis, gender, race 
recode, marital status, ICD-O-3 Hist/behave, 
primary site – labeled, grade, derived AJCC T, 
CS tumor size, radiation, and chemotherapy 
recodes. The exclusion criteria were patients 
with missing or unknown data of age, gender, 
race, histology, and TNM staging. Finally, 1118 
patients who met the screening criteria were 
included in this study for further analysis. The 
selection flow of eligible patients is shown in 
Figure 1.

All data were de-identified, and exemption from 
the Medical Ethics Committee of Xiangya 
Hospital, Central South University was obtained. 
Informed consent was not required for this retro-
spective study. The reporting of this study con-
forms to The TRIPOD statement.12
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Software
The cut-off values of the risk index were calcu-
lated by X-Tile software (version 3.6.1), and all 
patients were divided into three subgroups: low 
risk, medium risk, and high risk. R language (ver-
sion 4.0.2) (https://www.r-project.org/) was used 
for patient grouping, baseline analysis, Cox sur-
vival analysis, nomogram drawing and verifica-
tion, and Kaplan-Meier curves drawing.13 The R 
projects such as ‘rms’, ‘foreign’, ‘caret’, ‘survival’, 
‘survival ROC’, and ‘plyr’ were used in the above 
analysis and plotting.

Survival analysis
All patients were randomly divided into training 
and verification cohorts with a ratio of 7:3 by R 
projects ‘tableone’. In addition to the comparison 
of baseline data, univariate Cox proportional haz-
ards model analysis was carried out in the training 
cohort. Variables with statistically significant dif-
ferences were included in the multivariate Cox 
proportional hazards model analysis to determine 
the independent prognostic factors of ECSS in 
EEC patients receiving endoscopic therapy. PASS 
15 software was used to calculate the sample sizes 
needed for Cox regression analysis, and the 
pseudo variable method was used for the missing 
data. p < 0.05 was used to indicate the presence of 
statistically significant difference.

Establishment and verification of nomogram
The nomogram was drawn by using the factors 
with statistically significant differences in multi-
variate Cox analysis. The C index was calcu-
lated to test the accuracy of the model.14 The 
receiver operating characteristic (ROC) curve 
and the area under the curve (AUC) were used 
to evaluate the performance of the model. The 
calibration curves were used to show the differ-
ence between the nomogram and the actual 
observation of the 3- and 5-year survival of 
patients, during which 1000 bootstrap resam-
ples were used for evaluation. All validations 
involved the internal validation of the training 
cohort and the external validation of the verifi-
cation cohort.

Stratification of risk index and survival 
prediction
The nomogram was used to calculate the risk 
score of each patient, and all patients were divided 
into three subgroups of low risk, medium risk, 
and high risk.15 The Kaplan-Meier curve of each 
subgroup was plotted to analyze the survival dif-
ference of patients with different risk levels. The 
advantages and disadvantages of this risk model 
and T staging were compared through the 
Kaplan-Meier curve of different T stagings and 
the C index of the nomogram and T staging.

Figure 1. Flow diagram of selecting eligible patients from the SEER database between 2004 and 2019.
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Results

Basic characteristics of enrolled patients
A total of 1118 patients were included according 
to the preset inclusion and exclusion criteria. There 
were 156 patients with endpoint event (14.0%). 
Enrolled patients were then randomly divided into 
the training cohort (n = 782) and the verification 
cohort (n = 336). Among them, the training cohort 
included 435 patients with T1a staging (55.6%) 
and 87 patients with T1b staging (11.1%), while 
the verification cohort included 174 patients with 
T1a staging (51.8%) and 39 patients with T1b 
staging (11.6%). The median survival and the 
interquartile range (IQR) of the two cohorts were 
49 months (0–190 months, IQR: 67) and 
50 months (0–181 months, IQR: 66), respectively. 
The major basis characteristics of patients in both 
cohorts were ages of 60–79 years, Caucasian, male, 
married, primary site of lower esophagus, adeno-
carcinoma, and T1a staging. The basic character-
istics of the two cohorts are shown in Table 1. 
There was no difference in the baselines of patients 
from the two cohorts (all p > 0.05).

Analysis of prognostic factors
In order to evaluate the influence of various factors 
on the prognosis of patients with esophageal can-
cer who received endoscopic therapy, univariate 
and multivariate Cox analyses were performed on 
ECSS of patients in the training cohort. According 
to the univariate analysis (Table 2), age, race, pri-
mary site, histology, grading, tumor size, T stag-
ing, radiation, and chemotherapy were considered 
to be related to the prognosis of patients (all 
p < 0.05), while no significant association of 
patients’ prognosis was found with gender and 
marital status (all p > 0.05). Then, factors with sta-
tistically significant differences in the univariate 
analysis were included in the multivariate analysis. 
As shown in Table 3, age, primary site, grading, 
tumor size, and T staging were independent prog-
nostic factors of ECSS (all p < 0.05). Of these, 
higher age, overlapping lesion of the esophagus, 
higher grade, larger tumor, and T1b staging were 
associated with poor prognosis of patients, while 
no statistical difference was noticed in race, histol-
ogy, radiation, and chemotherapy (all p > 0.05).

Establishment and verification of the 
nomogram
Factors with statistically significant differences in 
multivariate regression analysis were included in 

the establishment of the nomogram, including 
age, race, primary site, T staging, and tumor size. 
The vertical corresponding value of each item in 
the nomogram was the individual point of this 
item. All the scores of points were added together 
to get the total score, and the vertical correspond-
ing value of the total score was the probability of 
3- or 5-year survival of the enrolled patients. As 
shown in Figure 2, the contribution of all factors 
to the prognosis from large to small was ranked as 
follows: age, primary site, grade, T staging, and 
tumor size.

In order to verify the accuracy of the constructed 
model, C index, ROC curve, AUC, and the cali-
bration curve were all used to evaluate the nomo-
gram. The C index of the model was 0.763 (95% 
CI: 0.717–0.809, p < 0.01) in the training cohort 
and 0.779 (95% CI: 0.706–0.853, p < 0.01) in 
the verification cohort. ROC curves of both 
cohorts were drawn simultaneously. Among 
them, the AUC values of 3- and 5-year survival 
were 0.786 and 0.766 in training cohort (Figure 
3(a) and (b)), which were 0.769 and 0.768 in the 
verification cohort (Figure 3(c) and (d)), respec-
tively. In addition, calibration curves were further 
drawn to determine the consistency between the 
3- and 5-year ECSS predicted by the nomogram 
and the actual survival rate, as shown in Figure 4. 
Collectively, the above results support that the 
model may have good accuracy.

Risk stratification
Based on the calculation of the total scores of all 
patients by the nomogram as the risk scores, the 
optimal cut-off values of the risk scores were ana-
lyzed by using the X-Tile software, as shown in 
Figure 5(a). Accordingly, enrolled patients were 
divided into three risk levels of low risk (0–104.8, 
57.60%), medium risk (104.8–144.4, 31.48%), 
and high risk (>144.4, 10.91%), respectively. 
Figure 5(b) shows the Kaplan-Meier curve of 
patients with different risk levels, while Figure 
5(c) to (e) are the Kaplan-Meier curves of patients 
with different risk levels in each T stage. Clearly, 
there were significant differences in the prognosis 
of patients with different risk levels in the same T 
stage (p < 0.01). In addition, we calculated the C 
index of the model using T staging to predict 
prognosis, which was 0.667 (95% CI: 0.620–
0.714, p < 0.01) in the training cohort and 0.651 
(95% CI: 0.577–0.725, p < 0.01) in the verifica-
tion cohort. With respect to the above, the C 
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Table 1. Patient characteristics in the training cohort and validation cohort.

Characteristics Training cohort (n, %) Validation cohort (n, %) p Value

Age (years) 0.216

 <51 36 (4.6) 18 (5.4)  

 51−60 161 (20.6) 49 (14.6)  

 61−70 246 (31.5) 113 (33.6)  

 71−80 234 (29.9) 105 (31.2)  

 >80 105 (13.4) 51 (15.2)  

Race 0.435

 White 729 (93.2) 316 (94.0)  

 Black 26 (3.3) 13 (3.9)  

 Others 27 (3.5) 7 (2.1)  

Gender 0.736

 Male 634 (81.1) 276 (82.1)  

 Female 148 (18.9) 60 (17.9)  

Marital status 0.783

 Married 472 (60.4) 205 (61.0)  

 Others 252 (32.2) 110 (32.7)  

 Unknown 58 (7.4) 21 (6.2)  

Primary site 0.930

 Upper third of esophagus 24 (3.1) 13 (3.9)  

 Middle third of esophagus 106 (13.6) 49 (14.6)  

 Lower third of esophagus 550 (70.3) 233 (69.3)  

 Overlapping lesion of esophagus 18 (2.3) 8 (2.4)  

 Unknown 84 (10.7) 33 (9.8)  

Histology 0.505

 Adenocarcinoma 617 (78.9) 273 (81.2)  

 Squamous cell carcinoma 88 (11.3) 30 (8.9)  

 Others 77 (9.8) 33 (9.8)  

Grading 0.885

 Unknown 427 (54.6) 185 (55.1)  

 I 79 (10.1) 36 (10.7)  

 II 198 (25.3) 81 (24.1)  

 III 72 (9.2) 33 (9.8)  

 IV 6 (0.8) 1 (0.3)  

(Continued)
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Table 2. Univariate analysis using the Cox proportional hazards model in esophageal cancer patients.

Characteristics Hazard ratio (95% CI) p Value

Age (years)

 <51 Reference  

 51−60 4.15 (0.55–31.3) 0.167

 61−70 3.78 (0.51–28.0) 0.193

 71−80 6.60 (0.91–48.11) 0.063

 >80 15.88 (2.17–116.26) 0.006

Race

 White Reference  

 Black 2.50 (1.16–5.39) 0.019

 Other 1.11 (0.35–3.15) 0.854

Sex

 Female Reference  

 Male 0.79 (0.51–1.23) 0.301

Marital status

 Married Reference  

Characteristics Training cohort (n, %) Validation cohort (n, %) p Value

Tumor size 0.967

 ⩽20 mm 227 (29.0) 96 (28.6)  

 >20 mm 70 (9.0) 29 (8.6)  

 Unknown 485 (62.0) 211 (62.8)  

T staging 0.482

 T1NOS 260 (33.2) 123 (36.6)  

 T1a 435 (55.6) 174 (51.8)  

 T1b 87 (11.1) 39 (11.6)  

Radiation 1.000

 Yes 71 (9.1) 31 (9.2)  

 No/unknown 711 (90.9) 305 (90.8)  

Chemotherapy 0.688

 Yes 63 (8.1) 24 (7.1)  

 No/unknown 719 (91.9) 312 (92.9)  

Table 1. (Continued)

(Continued)
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Table 2. (Continued)

Characteristics Hazard ratio (95% CI) p Value

 Other 1.70 (0.62–4.68) 0.302

 Unknown 2.55 (0.92–7.11) 0.073

Primary site

 Upper third of esophagus Reference  

 Middle third of esophagus 0.95 (0.32–2.85) 0.932

 Lower third of esophagus 0.79 (0.29–2.17) 0.651

 Overlapping lesion of esophagus 4.86 (1.42–16.69) 0.012

 Unknown 0.79 (0.25–2.48) 0.685

Histology

 Adenocarcinoma Reference  

 Squamous cell carcinoma 2.38 (1.48–3.84) 0.000

 Other 1.44 (0.82–2.56) 0.208

Grading

 Unknown Reference  

 I 1.64 (0.89–3.03) 0.111

 II 1.97 (1.24–3.11) 0.004

 III 2.59 (1.47–4.55) 0.001

 IV 3.11 (0.74–12.96) 0.120

Tumor size

 ⩽20 mm Reference  

 >20 mm 1.87 (1.08–3.23) 0.026

 Unknown 1.03 (0.67–1.57) 0.906

T staging

 T1a Reference  

 T1b 3.43 (1.79–6.58) 0.000

 T1NOS 3.73 (2.37–5.88) 0.000

Radiation

 Yes Reference  

 No/unknown 0.33 (0.21–0.53) 0.000

Chemotherapy

 Yes Reference  

 No/unknown 0.32 (0.19–0.51) 0.000

95% CI, 95% confidence interval.
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Table 3. Multivariate analysis data of esophageal cancer patients using the Cox proportional hazards model.

Characteristics Hazard ratio (95% CI) p Value

Age (years)

 <51 Reference  

 51−60 5.34 (0.68–41.95) 0.1109

 61−70 3.94 (0.51–30.33) 0.1877

 71−80 7.70 (1.02–58.10) 0.0479

 >80 18.00 (2.38–136.31) 0.0051

Race

 White Reference  

 Black 2.00 (0.85–4.69) 0.1100

 Other 1.48 (0.43–5.08) 0.5358

Primary site

 Upper third of esophagus Reference  

 Middle third of esophagus 1.24 (0.39–3.90) 0.7141

 Lower third of esophagus 1.60 (0.53–4.87) 0.4079

 Overlapping lesion of esophagus 12.23 (3.28–45.64) 0.0002

 Unknown 1.98 (0.58–6.82) 0.2764

Histology

 Adenocarcinoma Reference  

 Squamous cell carcinoma 1.35 (0.74–2.47) 0.3251

 Other 1.22 (0.66–2.26) 0.5181

Grading

 Unknown Reference  

 I 1.68 (0.89–3.15) 0.1068

 II 2.01 (1.23–3.31) 0.0058

 III 1.95 (1.06–3.58) 0.0316

 IV 1.62 (0.37–7.06) 0.5178

Tumor size

 ⩽20 mm Reference  

 >20 mm 2.10 (1.16–3.79) 0.0137

 Unknown 1.10 (0.69–1.76) 0.6862

(Continued)
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Figure 2. The survival nomogram of esophageal cancer patients undergoing endoscopic therapy. The sum 
of these numbers is located on the total scores axis, and a line is drawn downward to the survival axes to 
determine the likelihood of a 3- or 5-year ECSS.
ECSS, esophageal cancer-specific survival.

Characteristics Hazard ratio (95% CI) p Value

T staging

 T1a Reference  

 T1b 2.10 (1.06–4.18) 0.0343

 T1NOS 2.47 (1.51–4.04) 0.0003

Radiation

 Yes Reference  

 No/unknown 0.64 (0.26–1.59) 0.3412

Chemotherapy

 Yes Reference  

 No/unknown 0.71 (0.28–1.80) 0.4690

95% CI, 95% confidence interval.

Table 3. (Continued)
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Figure 3. The ROC curve for the nomogram. (a) At 3-year ECSS in the training cohort; (b) at 5-year ECSS in the 
training cohort; (c) at 3-year ECSS in the validation cohort; and (d) at 5-year ECSS in the validation cohort.
AUC, area under the curve; ECSS, esophageal cancer-specific survival; FP, false positives; ROC, receiver operating 
characteristic; TP, true positives.

index of the nomogram was better than that of T 
staging.

Discussion
Previous studies on the prognostic factors of 
esophageal cancer are carried out generally on 
patients undergoing surgery or neoadjuvant ther-
apy. Few studies are conducted on patients 
treated with endoscopic therapy.16 Nowadays, in 
addition to partial palliative treatment, most 
patients receiving endoscopic treatment are 

patients with EEC. For different treatment meth-
ods and patient groups, there may be significant 
difference in factors affecting prognosis and the 
influence of various factors. Age has always been 
considered one of the main factors affecting the 
prognosis of patients with esophageal cancer, 
which is also true in those receiving endoscopic 
therapy. It has been reported that there may be a 
deterioration in the prognostic outcome in 
patients with the increase of age.17 Similarly, in 
our study, age was discovered to be an independ-
ent prognostic factor for ECSS, and it also had a 

https://journals.sagepub.com/home/tag
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great impact on ECSS among independent prog-
nostic factors. Furthermore, studies have shown 
that tumor size is always a factor affecting the 
prognosis of esophageal cancer.18,19 Here in our 
study, we also reported a similar result. 
Meanwhile, it was also found that the primary site 
was also related to ECSS, and the overlapping 
lesion might predict a worse prognosis. An early 
study suggested that the overlapping lesion might 
be associated with the increased multicentric car-
cinogenic potential in the non-cancerous epithe-
lium of the esophagus of patients with EEC.20 

Another study has found that overlapping esoph-
ageal lesions in patients with stage I esophageal 
cancer have adverse effects on the prognosis.21 
These results may indicate that for patients with 
overlapping lesions, there may be a higher risk of 
cancerization in the normal tissues of the esopha-
gus, accompanied by a higher risk of recurrence 
after endoscopic therapy. Few previous studies 
have suggested that the overlapping lesion impacts 
the prognosis of patients undergoing surgery.21 It 
may be attributed to less surgical resection of 
endoscopic therapy, and this difference can be 

Figure 4. The calibration curve for the nomogram. (a) At 3-year ECSS in the training cohort; (b) at 5-year ECSS 
in the training cohort; (c) at 3-year ECSS in the validation cohort; (d) at 5-year ECSS in the validation cohort.
ECSS, esophageal cancer-specific survival.

https://journals.sagepub.com/home/tag
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more evident in patients who receive endoscopic 
therapy. Accordingly, the result related to the fac-
tor of overlapping lesion may indicate that endo-
scopic therapy is not suitable for patients with 
overlapping lesions. Meanwhile, the grade is a 
common prognostic factor for many cancers, and 
our results also revealed a better prognosis in 
patients with lower grades. It shall be noted that 
the subjects of study were patients with EEC, and 
hence patients enrolled were those with T1N0M0 
stage. TNM staging has always been an impor-
tant index to judge the prognosis of patients.22 In 
our study, patients with T1a stage had a better 
prognosis than those with T1b stage. In addition, 
some studies have shown that a combined appli-
cation of radiotherapy and chemotherapy can 
reduce postoperative metastasis risk in patients 
with EEC during endoscopic therapy, which can 
hence produce a better prognosis.23–25 However, 
no such result was observed in our study. It may 
be related to the small number of patients 

receiving radiotherapy and chemotherapy in the 
cohort, the large-proportion overlapping of 
patients who received both radiotherapy and 
chemotherapy, and the grouping of No chemother-
apy and Unknown into one category in the data-
base.26 In addition, it can also be explained by the 
side effects of radiotherapy and chemotherapy. In 
addition to the risk factors mentioned above, 
there are other factors that have a certain impact 
on the prognosis of patients, such as lymphatic 
invasion, vascular invasion, and droplet infiltra-
tion.27–29 We did not add them to the study due to 
the limitations of the database, and we will pay 
attention to these factors in subsequent studies.

In this study, independent prognostic factors 
affecting ECSS were obtained by Cox regression 
analysis, and the nomogram was constructed with 
verification simultaneously. The nomogram can 
ensure the universality of the model by avoiding 
over-fitting.26 The prediction ability of the model 

Figure 5. The cut-off values of risk scores and risk stratification for patients with different T stages. (a) The cut-off values of risk 
scores for all patients; (b) risk stratification for all patients; (c) patients with T1a stage; (d) patients with T1b stage; and (e) patients 
with T1NOS stage.
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was further evaluated in our study by the C index, 
ROC curve, and calibration curve. Both C index 
and AUC values of the ROC curve have been 
reported to have the ability to assess the accuracy 
of the nomogram.30,31 The C indexes of both the 
training and verification cohorts were greater than 
0.75, indicating the good differentiation ability of 
the model, while AUC values of both cohorts 
were greater than 0.75, also indicating the good 
prediction accuracy of the model. Furthermore, 
the calibration curve can judge the consistency 
between the actual risk and the predicted risk of 
the model.32 In the results, the calibration curves 
of both cohorts also reflected a good consistency 
of the model in predicting survival.

As more attention on esophageal cancer is paid 
and with the popularity of endoscopic screening, 
there is an increasing elevation in the early diag-
nosis rate of this cancer. Moreover, endoscopic 
therapy has the advantages of minor trauma and 
high quality of life after operation, resulting in 
great demand for this therapy in the clinical set-
ting. Therefore, it is essential to judge whether 
patients are suitable for endoscopic treatment 
and the prognostic outcome after treatment.

Endoscopic therapy is recommended for patients 
with high-grade intraepithelial neoplasia and 
mucosal carcinoma in the current S3 Guidelines,33 
ESMO Clinical Practice Guidelines,34 and ACG 
Clinical Guidelines.35 Meanwhile, it is also con-
sidered as an alternative to surgical treatment for 
patients with low-risk submucosal carcinoma 
(adenocarcinoma, T1bsm1, invasion depth of 
<500 μm, L0, V0, G1/2, no ulceration, and 
<20 mm in diameter), which, however, has a 
lower priority than that of surgical treatment.33–35 
In this study, the prognosis model of EEC patients 
who received endoscopic therapy was constructed 
and the risk grade was classified. It may provide 
an intuitive understanding on the risk score and 
risk grade, and hence the risk of these patients 
receiving endoscopic treatment. The results 
showed that in each T stage, over 60% of patients 
had medium and low risk, and the corresponding 
5-year survival probability was greater than 70% 
in the nomogram. It may reveal a good prognosis 
in these patients and indicate that these parts of 
patients are suitable for endoscopic therapy in dif-
ferent T stages. At the same time, the Kaplan-
Meier curve of each risk grade was drawn in 
patients with different T stages. Consequently, in 
T1a, T1b, and T1NOS stages, difference in the 

prognosis of patients with different risk grades 
existed. Besides, the model showed a better C 
index than that of the T staging. All these results 
may support that relative to T staging, the model 
constructed in our study may have a superior role 
for doctors in determining the risk of endoscopic 
surgery and whether patients are suitable for 
endoscopic therapy.

At present, the pathological stage is still one of 
the primary factors for determining the prognosis 
of patients with EEC. For patients at the 
T1N0M0 stage receiving endoscopic therapy, as 
described in the current mainstream AJCC 8th 
edition staging system,36 the pathological stage of 
patients is determined by T staging and grading 
mutually. With slight difference from the AJCC 
8th edition, the S3 Guidelines33 proposed that 
the stage of patients is determined by T staging 
merely. Our model has certain advantages over T 
staging, with the involvement of G grad. 
Therefore, the prognosis of patients receiving 
endoscopic therapy can be analyzed in a more 
diversified and targeted manner. Significantly, 
subsequent treatment and follow-up scheme can 
be formulated for patients according to the risk 
grade of patients and the evaluation of prognosis. 
Besides, it can facilitate active reexamination and 
follow-up for patients with higher risk and poor 
prognosis.

However, our research also has some limitations. 
First of all, our study was conducted as a retro-
spective study and hence there may be an inevita-
ble selection bias, which may have a certain 
impact on the reliability of the study results. 
Secondly, there was a limited inclusion of prog-
nostic factors in the study, with the failure of 
including some potential prognostic factors such 
as underlying diseases and economic status. 
Thirdly, there was a relatively smaller sample size 
in this study. Modeling based on larger sample 
size may enhance the accuracy and persuasive-
ness of our study to some extent.

In summary, findings in our study suggest that 
age, primary site, grading, tumor size, and T stag-
ing are independent prognostic factors for EEC 
patients receiving endoscopic therapy. The model 
constructed in our study is also verified with good 
accuracy based on the evaluation by both the 
training cohort and verification cohort. This 
model is also superior to TNM staging as con-
firmed by the evaluation of the prognosis of 
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patients with different risk grades in each T stage. 
The model may benefit individualized evaluation 
clinically for patients with EEC, judge the risk of 
receiving endoscopic therapy, and predict corre-
sponding prognosis, which is conducive to clini-
cal decision-making.
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