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Abstract: Objective: A SVM predictive model consisting of preoperative tumor markers and inflammatory factors 
was established to explore its significance in evaluating the prognosis of patients with ESCC. Methods: Clinical data 
of 311 patients with ESCC who underwent surgery were collected and followed up until October 2019. Statistical 
software SPSS version 22.0, and R (version 3.6.1) were used to analyze the data. Results: In the Test, Val1 and Val2 
groups, the sensitivity of preoperative optimal combination (SVM5) to predict the prognosis of patients with ESCC 
was 88.89%, 76.92%, and 73.68%, respectively. The specificity was 92.00%, 74.42%, and 78.00%, respectively. 
The sensitivity and specificity were not statistically different from those of SVM9 (P > 0.05), while the sensitivity of 
SVM9+5 for predicting the prognosis of patients with ESCC was 91.84%, 82.26%, and 80.36%, respectively. The 
specificity was 97.44%, 75.93%, and 78.00%, respectively. Its sensitivity and specificity were higher than those of 
SVM9 (P < 0.001). Conclusions: We used a nomogram to input the indicators in the SVM5 into the artificial intelli-
gence program for patients with ESCC who have not yet developed an individualized plan. It can predict and evaluate 
the postoperative outcome of patients with ESCC with a sensitivity of 79.04%, specificity of 81.82%, PPV of 83.54%, 
NPV of 76.97%, and accuracy of 80.32%. For patients who have undergone surgery, we can enter the indicators in 
SVM9+5 into the artificial intelligence program. 
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Introduction

Esophageal cancer is very common in China 
and poses a threat to public health [1, 2]. 
Esophageal squamous cell carcinoma (ESCC)  
is the main histological subtype in China [3]. 
Many factors affect the prognosis of patients 
with ESCC, including the patient’s performance 
status (ECOG), clinicopathological characteris-
tics, tumor markers, and inflammatory nutri-
tional indicators. However, the previous relat- 
ed studies were mostly single-factor studies. 
Therefore, exploring the factors affecting the 
prognosis and constructing a prognostic pre-
dictive model are undoubtedly of great signifi-
cance for patients with ESCC.

Postoperative TNM staging is the most valu-
able index for evaluating the prognosis of 
patients with ESCC [4]. However, it is an index 
that can only be confirmed after surgery and 
can only provide a theoretical basis for postop-

erative treatment strategies. Thus, it is of little 
significance to formulate individualized treat-
ment strategies before surgery in selected pa- 
tients, especially for those with a poor physical 
condition or in whom performing surgery is dif-
ficult, since it is difficult to evaluate an accur- 
ate TNM staging for these patients. The explo-
ration for indicators that can predict the prog-
nosis before surgery has recently attracted 
great attentions, specifically regarding finding 
easy-to-detect indicators from patients’ preop-
erative serum for assessment of tumor-related 
prognoses [5]. Preoperative tumor markers  
and tumor-related inflammation indicators are 
routinely detected and are easily available. 
Therefore, these markers have become the cur-
rent research hotspots for evaluating and pre-
dicting the prognosis of tumors. 

In recent years, there have been increasing 
numbers of studies on newly combined inflam-
matory indicators, such as GPS, NLR, LMR, P- 
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CRP, CPR, and other inflammatory indicators in 
multiple tumors [6-8]. However, there are few 
studies on the prognostic value of patients  
with ESCC, and its postoperative prognostic 
value needs to be further verified. Studies  
have found that simple tumor markers and 
inflammatory indicators have a certain evalua-
tion value for the survival rate of patients with 
ESCC, but they lack high sensitivity. To date, 
assessing the prognosis of patients with ESCC 
after radical surgery by detecting preoperative 
serum indicators remains controversial [9]. 

Recently, support vector machines (SVMs), a 
new data-mining technology, have been used 
to predict tumor progression and clinical out-
comes by integrating molecular markers and/ 
or clinical features [10, 11]. For example, SVM 
analysis displayed moderately strong power in 
predicting regional lymph node metastasis  
preoperatively [12]. Thus, SVMs will likely con-
tinue to yield valuable insights into the accu-
rate prediction of prognosis. In this study, we 
selected preoperative age, Eastern Cooper- 
ative Oncology Group (ECOG), tumor marker, 
inflammatory markers, and clinicopathological 
features using SVM learning models with a 
nomogram, to test the hypothesis that these 
markers may serve as substitutes for clinical 
features in predicting prognosis for patients 
with ESCC before surgery. The SVM model can 
continuously combine multiple detection indi-
cators to evaluate its ability to predict the sur-
vival prognosis after surgery, until a model with 
a small number of combinations, high sensitiv-
ity, and specificity would be selected for clinical 
application. The establishment of an SVM mo- 
del to assess postoperative risks of patients 
with ESCC will not only provide advice for the 
choice of a proper treatment strategy for the 
patient, but also assist in the formulation of 
individualized medical treatment after surgery 
by combining it with a nomogram.

Materials and methods

Patients and follow-up

Clinical data of 311 patients with ESCC who 
underwent radical resection surgery at Jinling 
Hospital from June 2014 to November 2016 
were collected and followed up until October 
2019. The data mainly included basic preoper-
ative information such as sex; age; ECOG; BMI; 
SCC, CY211, AFP, CEA, CA199, and CA125; 

inflammation indicators including NLR, CRP, 
WBC, ALB, PALB, GPS, LMR, P-CRP, and CPR; 
and postoperative indices including tumor lo- 
cation, tumor size, INV, T, N, and TNM. Overall 
survival (OS) was defined from the date of sur-
gery until the date of death or the date of the 
last follow-up. 

Statistical analyses

Data analyses were performed using the sta- 
tistical software package SPSS (version 3.6.1; 
http://www.R-project.org). Chi-square (χ2) tests 
were used to analyze differences between  
SVM models for sensitivity, specificity, positive 
predictive value (PPV), and negative predictive 
value (NPV). Univariate and multivariate analy-
ses of the relative prognostic importance of the 
parameters were performed using the Cox pro-
portional hazards model. In addition, an SVM 
uses an implicit mapping of the input data into 
a high-dimensional feature space defined by a 
kernel function [13-15]. Then, the output 
results of the SVM model were subjected to 
ROC curve analysis. The Kaplan-Meier method 
was used to calculate and plot survival curves 
and re-verify the ability to evaluate the SVM 
model and identify the high- and low-mortality 
risk of patients with ESCC after surgery. A p 
value of < 0.05 was considered statistically 
significant.

Results

Baseline characteristics of the participants

A total of 311 patients with ESCC after sur- 
gery were included in this study. There were 
241 males and 70 females, accounting for 
77.5% and 22.5% of the total cases, respec-
tively. Their ages ranged from 40 to 83 years, 
and the median age was 66 years. There were 
42 (13.5%) well-differentiated patients, 179 
(57.6%) moderately-differentiated, and 90 
(28.9%) poorly-differentiated patients. There 
were 55 patients with INV. Regarding TNM  
staging, 63 cases (20.3%) were stage I, 115 
(37.0%) were stage II, 111 (35.7%) were stage 
III, and 22 (7.1%) were stage IV (Table S1). 
Tumor markers (AFP, CEA, CA199, CA125, SCC, 
and CY211), inflammation-related indicators 
(CRP, NLR, WBC, ALB, PALB, GPS, LMR, P-CRP, 
and CPR), and other indicators were group- 
ed by median (see Table S2 for details about 
specific values). On October 15, 2019, 143 
(46.0%) patients with ESCC were still alive, 



Establishment of the SVM model

5872	 Am J Transl Res 2022;14(8):5870-5882

whereas 168 (54.0%) had died. In this study, 
the 1-year survival rate of patients with ESCC 
after surgery was 85.9%, the 3-year survival 
rate was 52.1%, and the 5-year survival rate 
was 45.3% (Figure S1).

Correlation analysis of various indices in pa-
tients with ESCC and their relationship with 
survival

Positive correlations were observed between 
SCC and tumor size (r = 0.339, P < 0.01), T (r = 
0.396, P < 0.01), N (r = 0.220, P < 0.05), and 
TNM staging (r = 0.265, P < 0.01). Positive cor-
relations were observed between CY211 and 
tumor size and TNM staging (all P < 0.05)  
(Table S3). Positive correlations were observed 
between ECOG and NLR (r = 0.297, P < 0.01), 
GPS, CPR, cell differentiation, tumor size, T, N, 
and TNM staging. Negative correlations were 
found between LMR and NLR, CRP, GPS, CPR, 
tumor size, and tumor invasion. Positive corre-
lations were observed between NLR and CRP, 
GPS, P-CRP, CPR, cell death, tumor size, T, N, 
and TNM (r = 0.272, P < 0.01). Positive correla-
tions were observed between CRP and GPS (rs 
= 0.645, P < 0.01), P-CRP (r = 0.874, P < 0.01), 
CPR (r = 0.845, P < 0.01), and tumor size  
(Table S4). Kaplan-Meier survival analysis 
showed that age, ECOG, SCC, CY211, NLR, 
CPR, LMR, P-CRP, CRP, GPS, size, INV, cell dif-
ferentiation, T, N, and TNM staging had an 
impact on the prognostic survival of patients 
with ESCC after surgery (P < 0.05) (see Figures 
S1, S2). The survival curve of patients has  
been found to decrease, with worsening prog-
nosis. With deeper invasion, metastasis, high 
ECOG score, low differentiation, age (< 66 
years), tumor diameter (≥3 cm), and neurovas-
cular invasion, the prognosis of patients with 
ESCC after surgery is reported to be poor (P < 
0.05). Survival analysis revealed that high 
expression of NLR, SCC, CY211, CPR, P-CRP, 
CRP, and GPS correlated with poor prognosis in 
ESCC (P < 0.05) (Figure S3). Low expression of 
LMR suggests a poor prognosis for patients 
with ESCC after surgery (P = 0.015). TNM stag-
ing suggests a poor prognosis (P < 0.001).

Risk factors affecting the prognosis of patients 
with ESCC and their ability to predict survival

Univariate Cox regression analyses demon-
strated that preoperative age, ECOG, SCC, 

CY211, NLR, CRP, GPS, LMR, P-CRP, CPR, and 
postoperative T, N, TNM, cell differentiation, 
tumor size, INV, and other indicators all affect-
ed the survival and prognosis of patients with 
ESCC after surgery (P < 0.05) (Table S5). Fur- 
thermore, multivariate analyses showed that 
preoperative age, ECOG, NLR, SCC, CY211, 
postoperative INV, cell differentiation, and TNM 
staging were independent factors affecting 
ESCC patient survival (P < 0.05). Among them, 
the risk of death in clinical stage III+IV was 
approximately 2.609 times that of those in 
stage I+II, with a 95% confidence interval (CI) of 
1.862-3.656 (Table S6). 

Our results showed that the AUC (0.760) of 
TNM was the largest, which was consistent wi- 
th the prognostic value of TNM recognized by 
previous literature. The AUC of preoperative 
age predicting patient survival was 0.553, with 
a 95% CI of 0.489-0.618. The AUC of pre- 
operative ECOG predicting patient survival was 
0.738, with a 95% CI of 0.683-0.793. The AUC 
of preoperative tumor markers SCC and CY211 
to predict the survival and prognosis of pa- 
tients was 0.675 (0.616, 0.734) and 0.649 
(0.588, 0.710), respectively. The AUC of pre-
inflammatory indicators was as follows: NLR 
(AUC = 0.672 (0.613, 0.732), P < 0.001), CPR 
(AUC = 0.634 (0.572, 0.696), P < 0.001), LMR 
(AUC = 0.618 (0.555, 0.681), P < 0.001), P- 
CRP (AUC = 0.598 (0.535, 0.662), P = 0.003), 
CRP (AUC = 0.589 (0.525, 0.625), P = 0.007), 
and GPS (AUC = 0.573 (0.509, 0.637), P = 
0.027) (see Table 1).

The SVM combined with ROC models in pre-
dicting prognosis of patients with ESCC 

The SVM model for ESCC refers to predicting 
the survival probability of patients with ESCC. 
The performance of different SVM models for 
ESCC was evaluated by comparing the size of 
six indicators, namely, sensitivity, specificity, 
Youden index, PPV, NPV, and accuracy, of which 
sensitivity and specificity are more important 
than the rest. The indices used were sensitivity 
and specificity. An SVM model was used as an 
evaluation tool. Through the repeated combina-
tion of various conventional detection indica-
tors, the optimal combination with the best pre-
dictive ability and the fewest indicators was 
selected. In the case of slight differences in 
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Table 1. The AUC of ROC curves with preop-
erative and postoperative clinical markers in 
predicting postoperative survival prognosis in 
patients with ESCC
Clinical Indexes AUC 95% CI P value
Reference 0.500 / /
Age 0.553 (0.489, 0.618) 0.104
ECOG 0.738 (0.683, 0.793) < 0.001
NLR 0.672 (0.613, 0.732) < 0.001
SCC 0.675 (0.616, 0.734) < 0.001
CY211 0.649 (0.588, 0.710) < 0.001
CRP 0.589 (0.525, 0.625) 0.007
GPS 0.573 (0.509, 0.637) 0.027
LMR 0.618 (0.555, 0.681) < 0.001
P-CRP 0.598 (0.535, 0.662) 0.003
CPR 0.634 (0.572, 0.696) < 0.001
Tumor Size 0.646 (0.583, 0.708) < 0.001
Cell Differentiation 0.640 (0.579, 0.701) < 0.001
INV 0.561 (0.497, 0.625) 0.065
T 0.686 (0.626, 0.747) < 0.001
N 0.715 (0.658, 0.772) < 0.001
TNM 0.760 (0.706, 0.814) < 0.001
Note: ESCC: esophageal squamous cell carcinoma; ECOG: 
Eastern Cooperative Oncology Group (performance status); 
SCC: squamous cell carcinoma antigen; CY211: cytokera-
tin 19 fragment; GPS: Glasgow Prognostic Score; NLR: 
nneutrophil to lymphocyte ratio; CRP: C-reactive protein; 
PALB: prealbumin; LMR: lymphocyte to monocyte ratio; 
P-CRP: the platelet × C-reactive protein multiplier value; 
CPR: C-reactive protein to prealbumin ratio; INV: invasion 
of nerve or (and) vessels; T: tumor invasion; N: lymph node 
metastasis; TNM: TNM staging; AUC: area under the curve.

specificity, sensitivity was the most valuable 
evaluation index. As shown in Table 2, postop-
erative SVM9 predicted the survival of pa- 
tients with ESCC. In the Test, Val1 and Val2 
groups, the sensitivity was 81.63%, 79.03%, 
and 80.36%, and the specificity was 92.31%, 
77.78%, and 72.00%, respectively. The AUC 
was 0.870, 0.784, and 0.762, respectively, and 
the AUC of Val1+Val2 was 0.773 (0.709, 0.837). 
The sensitivity of the preoperative combination 
of all indicators (SVM1) to predict the prog- 
nosis of patients with ESCC was 91.07%, 
82.46%, and 77.78%, respectively. Compared 
with SVM9, the difference was not statistically 
significant (χ2 = 0.772, P = 0.380). The specific-
ity was 96.08%, 72.22%, and 68.42%, respec-
tively. There was no statistically significant dif-
ference compared with SVM9 (χ2 = 0.335, P = 
0.563) (Table 3). The AUC was 0.936, 0.773, 

and 0.731, respectively, and the AUC of Val1+ 
Val2 was 0.754 (0.685, 0.823). The sensiti- 
vity of the preoperative optimal combination 
(SVM5) for predicting the prognosis of patients 
with ESCC was 88.89%, 76.92%, and 73.68%, 
respectively. The specificity was 92.00%, 
74.42%, 78.00%, respectively. Sensitivity and 
specificity were not statistically compared with 
those of SVM9. However, its sensitivity was 
higher than that of SVM8 (P < 0.001) and lower 
than that of SVM1 (P < 0.001). Its specificity 
was higher than that of SVM1 (P = 0.011), but 
the difference was not statistically different 
from SVM8 (P = 0.069). The AUCs were 0.904, 
0.757, and 0.758, respectively, where the AUC 
of Val1+Val2 was 0.759 (0.692, 0.826). Based 
on this, all preoperative and postoperative indi-
cators of patients with ESCC were included in 
the SVM model (i.e., SVM9+1). In the Val1 and 
Val2 groups, the sensitivities were 89.80%, 
83.87%, and 76.79%, respectively. The speci-
ficity was 100%, 83.33%, and 78.00%, respec-
tively. Its sensitivity and specificity were higher 
than those of SVM9 (P < 0.001), with AUC val-
ues of 0.949, 0.836, and 0.774, respectively. 
The AUC of Val1+Val2 was 0.806 (0.746, 0.867). 
The sensitivity of SVM9+5 for predicting the 
prognosis of patients with ESCC was 91.84%, 
82.26%, and 80.36%, respectively. The speci-
ficity was 97.44%, 75.93%, and 78.00%, res- 
pectively. Its sensitivity and specificity were 
higher than that of SVM9 (P < 0.001); its sensi-
tivity was lower than that of SVM9+ECOG and 
higher than that of SVM9+1 (all P < 0.001). Its 
specificity was lower than that of SVM9+1 and 
higher than that of SVM9+ECOG (all P < 0.001) 
(Table 3). The AUC was 0.946, 0.791, and 
0.792, respectively, and the AUC of Val1+Val2 
was 0.791 (0.729, 0.854) (see Table 4). Our 
results showed that there was no statistical  
difference between SVM5 and SVM9 in terms 
of sensitivity, specificity, PPV, and NPV. In addi-
tion, the AUC of SVM5 (Test+Val1+Val2) (0.804 
(0.753, 0.855)) and SVM9 (0.800 (0.748, 
0.851)) were also equivalent and higher than 
that of TNM staging. SVM9+5 had a slightly 
higher sensitivity than that of SVM9+1 and a 
slightly lower specificity than that of SVM9+1. 
There were no statistical differences in PVV, 
NPV, ACC, etc. and the AUC of SVM9+5 (0.835 
(0.787, 0.883)) was slightly lower than that of 
SVM9+1 (0.846 (0.800, 0.893)), which was 
much higher than that of TNM staging (see 
Figure 1).
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Table 2. Comparisons of sensitivity, specificity, Youden’s index, PPV, NPV and accuracy among different SVM models

Variable combinations
Sensitivity (%) Specificity (%) Yuedens’ Index (%) PPV (%) NPV (%) Accuracy (%)

Test Val1 Val2 Test Val1 Val2 Test Val1 Val2 Test Val1 Val2 Test Val1 Val2 Test Val1 Val2
Before Surgery

    SVM1 (107, 111, 92) 91.07 82.46 77.78 96.08 72.22 68.42 87.15 54.68 46.20 96.23 75.81 77.78 90.74 79.59 68.42 93.46 77.48 73.91 

    SVM2 (95, 108, 107) 86.67 75.38 68.42 94.00 67.44 70.00 80.67 42.82 38.42 92.86 77.78 72.22 88.68 64.44 66.04 90.53 72.22 69.16 

    SVM3 (95, 108, 107) 88.89 75.38 71.93 90.00 72.09 76.00 78.89 47.47 47.93 88.89 80.33 77.36 90.00 65.96 70.37 89.47 74.07 73.83 

    SVM4 (106, 103, 101) 77.97 72.22 75.93 91.49 81.63 72.34 69.46 53.85 48.27 92.00 81.25 75.93 76.79 72.73 72.34 83.96 76.69 74.26 

    SVM5 (95, 108, 107) 88.89 76.92 73.68 92.00 74.42 78.00 80.89 51.34 51.68 90.91 81.97 79.25 90.20 68.09 72.22 90.53 75.93 75.70 

    SVM6 (122, 84, 104) 84.85 80.00 72.55 91.07 64.71 67.92 75.92 44.71 40.47 91.80 76.92 68.52 83.61 68.75 72.00 87.70 73.81 70.19 

    SVM7 (122, 84, 104) 86.36 82.00 70.59 94.64 73.53 60.38 81.00 55.53 30.97 95.00 82.00 63.16 85.48 73.53 68.09 90.16 78.57 65.38 

    SVM8 (108, 90, 112) 78.33 71.11 67.74 95.83 75.56 78.00 74.16 46.67 45.74 95.92 74.42 79.25 77.97 72.34 66.10 86.11 73.33 72.32 

After Surgery

    SVM Model 9 (88, 116, 106) 81.63 79.03 80.36 92.31 77.78 72.00 73.94 56.81 52.36 93.02 80.33 76.27 80.00 76.36 76.60 86.36 78.45 76.42 

All markers

    SVM9+1 (88, 116, 106) 89.80 83.87 76.79 100.00 83.33 78.00 89.80 67.20 54.79 100.00 85.25 79.63 88.64 81.82 75.00 94.32 83.62 77.36 

    SVM9+2 (88, 116, 106) 89.80 83.87 76.79 100.00 83.33 72.00 89.80 67.20 48.79 100.00 85.25 75.44 88.64 81.82 73.47 94.32 83.62 74.53 

    SVM9+3 (88, 116, 106) 91.84 82.26 80.36 94.87 72.22 76.00 86.71 54.48 56.36 95.74 77.27 78.95 90.24 78.00 77.55 93.18 77.59 78.30 

    SVM9+4 (88, 116, 106) 91.84 82.26 80.36 94.87 75.93 78.00 86.71 58.18 58.36 95.74 79.69 80.36 90.24 78.85 78.00 93.18 79.31 79.25 

    SVM9+5 (88, 116, 106) 91.84 82.26 80.36 97.44 75.93 78.00 89.27 58.18 58.36 97.83 79.69 80.36 90.48 78.85 78.00 94.32 79.31 79.25 

    SVM9+6 (88, 116, 106) 89.80 82.26 76.79 100.00 79.63 72.00 89.80 61.89 48.79 100.00 82.26 75.44 88.64 79.63 73.47 94.32 81.03 74.53 

    SVM9+7 (122, 84, 104) 95.45 82.00 78.43 94.64 70.59 69.81 90.10 52.59 48.24 95.45 80.39 71.43 94.64 72.73 77.08 95.08 77.38 74.04 

    SVM9+8 (88, 116, 106) 91.84 80.65 78.57 92.31 72.22 68.00 84.14 52.87 46.57 93.75 76.92 73.33 90.00 76.47 73.91 92.05 76.72 73.58 

    SVM9+ECOG, NLR (122, 84, 104) 93.94 76.00 74.51 94.64 70.59 69.81 88.58 46.59 44.32 95.38 79.17 70.37 92.98 66.67 74.00 94.26 73.81 72.12 

    SVM9+ECOG (88, 116, 106) 93.88 82.26 85.71 87.18 68.52 64.00 81.06 50.78 49.71 90.20 75.00 72.73 91.89 77.08 80.00 90.91 75.86 75.47 
Note: test group, validation group 1, validation group 2 were randomly divided into three independent SVM model groups. The test group was also known as the learning group, then two validation groups were used to recognize and verify the 
precise of predicting the prognosis for ESCC. Data are presented as percentages. PPV: positive predictive value; NPV: negative predictive value; Val: validation; SVM1: all markers before surgery (ECOG, NLR, SCC, CY211, CPR, LMR, P-CRP, 
CRP, GPS, age); SVM2: SVM Model 1 (omit age); SVM3: SVM Model 2 (omit GPS); SVM4: SVM Model 3 (omit CRP); SVM5: SVM Model 4 (omit P-CRP): ECOG, NLR, SCC, CY211, CPR, LMR; SVM6: SVM Model 5 (omit LMR): ECOG, NLR, SCC, 
CY211, CPR; SVM7: SVM Model 6 (omit CPR): ECOG, NLR, SCC, CY211; SVM8: SVM Model 7 (omit Cy211): ECOG, NLR, SCC; SVM9: TNM, Diff, Size, INV.

Table 3. Comparisons among different marker combination obtained before surgery, after surgery and all markers according to sensitivity, speci-
ficity, PPV, NPV and accuracy in predicting prognoses of patients with ESCC

Variable combinations
Test+Validation group 1+Validation group 2 (n = 310)

Accuracy (%)
Sensitivity (%) χ2 P value Specificity (%) χ2 P value PPV (%) χ2 P value NPV (%) χ2 P value

SVM1 83.83 0.772# 0.380 79.72 0.335# 0.563 82.84 0.023# 0.880 80.85 0.475# 0.491 81.94 

34.304$1 < 0.001 6.498$1 0.011 0.029$1 0.865 0.659$1 0.417 

SVM5 79.04 0.002# 0.968 81.82 0.471# 0.493 83.54 0.101# 0.751 76.97 0.014# 0.905 80.32 

37.345$2 < 0.001 3.311$2 0.069 0.001$2 0.982 0.979$2 0.322 

SVM8 72.46 0.690# 0.406 83.22 0.005# 0.941 83.45 0.083# 0.774 72.12 1.212# 0.271 77.42 

9.535$3 0.002 4.087$3 0.043 0.021$3 0.886 3.190$3 0.074 
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SVM9 80.24# 79.72# 82.21# 77.55# 80.00#

SVM9+1 83.23 19.401# < 0.001 86.01 19.925# < 0.001 87.42 1.695# 0.193 81.46 0.698# 0.403 84.52

48.159$1 < 0.001 48.788$1 < 0.001 0.419$1 0.517 0.068$1 0.795 

SVM9+5 84.43 17.760# < 0.001 82.52 18.855# < 0.001 84.94 0.447# 0.504 81.94 0.327# 0.567 83.55

40.424$2 < 0.001 47.204$2 < 0.001 2.496$2 0.114 0.201$2 0.654 

SVM9+ECOG 86.63 34.033# < 0.001 72.03 61.231# < 0.001 78.38 0.800# 0.371 82.40 0.985# 0.321 80.00 

12.669$3 < 0.001 37.533$3 < 0.001 4.856$3 0.028 0.068$3 0.795 
SVM1: all markers before surgery (ECOG, NLR, SCC, Cy211, CPR, LMR, P-CRP, CRP, GPS, age); SVM5: ECOG, NLR, SCC, Cy211, CPR, LMR; SVM8: ECOG, NLR, SCC; SVM9: TNM, diff, size, INV; #: χ2 test was used in comparisons among markers 
obtained SVM1, SVM5, SVM8 and SVM9, and among markers of SVM9+1, SVM9+5, SVM9+ECOG and SVM9, respectively; $1: χ2 test was used in comparisons between markers of SVM5 and SVM1, and between SVM9+5 and SVM9+1; $2: 
χ2 test was used in comparisons between markers of SVM8 and SVM5, and between SVM9+ECOG and SVM9+5; $3: χ2 test was used in comparisons between markers of SVM8 and SVM1, and between SVM9+ECOG and SVM9+1; P value: 
corresponding comparisons.

Table 4. The SVM combined with ROC models in predicting prognosis of patients with ESCC by using testing data, validation data separately

Combinations
Test Val1 Val2 Val1+2

AUC 95% CI P value AUC 95% CI P value AUC 95% CI P value AUC 95% CI P value
Before Surgery

    SVM Model 1 0.936 (0.882, 0.989) < 0.001 0.773 (0.683, 0.864) < 0.001 0.731 (0.623, 0.839) < 0.001 0.754 (0.685, 0.823) < 0.001

    SVM Model 2 0.903 (0.834, 0.973) < 0.001 0.714 (0.612, 0.816) < 0.001 0.692 (0.590, 0.794) < 0.001 0.705 (0.633, 0.776) < 0.001

    SVM Model 3 0.894 (0.823, 0.966) < 0.001 0.737 (0.639, 0.836) < 0.001 0.740 (0.643, 0.836) < 0.001 0.740 (0.671, 0.808) < 0.001

    SVM Model 4 0.847 (0.769, 0.926) < 0.001 0.769 (0.675, 0.863) < 0.001 0.741 (0.642, 0.841) < 0.001 0.756 (0.688, 0.824) < 0.001

    SVM Model 5 0.904 (0.835, 0.973) < 0.001 0.757 (0.660, 0.853) < 0.001 0.758 (0.664, 0.853) < 0.001 0.759 (0.692, 0.826) < 0.001

    SVM Model 6 0.880 (0.813, 0.946) < 0.001 0.724 (0.609, 0.839) < 0.001 0.702 (0.600, 0.804) < 0.001 0.715 (0.639, 0.790) < 0.001

    SVM Model 7 0.905 (0.845, 0.965) < 0.001 0.778 (0.671, 0.884) < 0.001 0.655 (0.549, 0.761) 0.007 0.709 (0.633, 0.784) 0.007 

    SVM Model 8 0.871 (0.799, 0.942) < 0.001 0.733 (0.627, 0.839) < 0.001 0.729 (0.633, 0.824) < 0.001 0.730 (0.659, 0.801) < 0.001

After Surgery

    SVM Model 9 0.870 (0.789, 0.950) < 0.001 0.784 (0.697, 0.871) < 0.001 0.762 (0.667, 0.856) < 0.001 0.773 (0.709, 0.837) < 0.001

Preoperative and postoperative markers

    SVM Model 9+1 0.949 (0.898, 1.000) < 0.001 0.836 (0.758, 0.914) < 0.001 0.774 (0.681, 0.866) < 0.001 0.806 (0.746, 0.867) < 0.001

    SVM Model 9+2 0.949 (0.898, 1.000) < 0.001 0.836 (0.758, 0.914) < 0.001 0.744 (0.647, 0.841) < 0.001 0.792 (0.730, 0.854) < 0.001

    SVM Model 9+3 0.934 (0.873, 0.994) < 0.001 0.772 (0.683, 0.862) < 0.001 0.782 (0.690, 0.873) < 0.001 0.777 (0.713, 0.841) < 0.001

    SVM Model 9+4 0.934 (0.873, 0.994) < 0.001 0.791 (0.705, 0.877) < 0.001 0.792 (0.702, 0.882) < 0.001 0.791 (0.729, 0.854) < 0.001

    SVM Model 9+5 0.946 (0.893, 1.000) < 0.001 0.791 (0.705, 0.877) < 0.001 0.792 (0.702, 0.882) < 0.001 0.791 (0.729, 0.854) < 0.001

    SVM Model 9+6 0.949 (0.898, 1.000) < 0.001 0.809 (0.726, 0.893) < 0.001 0.744 (0.647, 0.841) < 0.001 0.778 (0.715, 0.842) < 0.001

    SVM Model 9+7 0.950 (0.906, 0.995) < 0.001 0.763 (0.654, 0.872) < 0.001 0.741 (0.644, 0.839) < 0.001 0.752 (0.679, 0.824) < 0.001

    SVM Model 9+8 0.921 (0.855, 0.987) < 0.001 0.764 (0.674, 0.854) < 0.001 0.733 (0.635, 0.831) < 0.001 0.749 (0.683, 0.816) < 0.001

    SVM Model 9+ECOG, NLR 0.943 (0.895, 0.991) < 0.001 0.733 (0.620, 0.846) < 0.001 0.722 (0.622, 0.822) < 0.001 0.727 (0.653, 0.801) < 0.001

    SVM Model 9+ECOG 0.905 (0.833, 0.978) < 0.001 0.754 (0.662, 0.846) < 0.001 0.749 (0.652, 0.845) < 0.001 0.751 (0.685, 0.818) < 0.001
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Multi-factor combined detection predicts the 
advantages of postoperative survival in ESCC

This study proposed for the first time the estab-
lishment and verification of an early warning 
model for the survival of patients with ESCC 
before and after surgery. It was found that the 
combination of preoperative routine clinical 
indicators could be used to evaluate the post-
operative mortality risk of patients with ESCC 
using the SVM model. The mortality risk of pa- 
tients with ESCC who had undergone surgery 
could be evaluated using the SVM model com-
bining various indicators before and after sur-
gery. As shown in Figure 2, the predicted low-
risk group (PLR) represented the low-mortality 
risk group; that is, this group of patients had a 
long survival time after surgery. The predicted 
high-risk group (PHR) represented the high 
mortality risk group; that is, this group of pa- 
tients had a short survival time after surgery. 
Kaplan-Meier survival analysis showed that in 
the preoperative SVM5 test group, the average 
postoperative survival time of patients with 
ESCC in the low-risk group (51 cases, 53.5 

months) was longer than that of the high-risk 
group (44 cases, 25 months), and their 3-year 
cumulative survival rates were 92.2% and 
20.5%, respectively (P < 0.001), with a differ-
ence of 71.7%. Verification groups 1 and 2 we- 
re completely independent of the test group. In 
Validation group 1, the average postoperative 
survival time of patients with ESCC in PLR (47 
cases, 49 months) was longer than that of PHR 
(61 cases, 19 months), their 3-year cumulative 
survival rates were 76.6% and 24.6%, respec-
tively (P < 0.001), and the difference was 
52.0%. In Validation group 2, the average post-
operative survival time of patients with ESCC in 
PLR (53 cases, 50.5 months) was longer than 
that of PHR (54 cases, 22 months), and their 
3-year cumulative survival rates were 75.9% 
and 26.4%, respectively (P < 0.001), with a dif-
ference of 49.5%. In the SVM9 test group, the 
average postoperative survival time of patients 
with ESCC in PLR (45 cases, 49 months) was 
longer than that of PHR (43 cases, 17 months), 
and the 3-year cumulative survival rates were 
82.2% and 23.3%, respectively (P < 0.001), 
with a difference of 58.9%. In the SVM9+5 test 
group, the average postoperative survival time 
of patients with ESCC in PLR (42 cases, 50.5 
months) was longer than that of PHR (46 cas- 
es, 17.3 months), and their 3-year cumulative 
survival rates were 92.9% and 17.4%, respec-
tively (P < 0.001), with a difference of 75.5%. 
The same trend was shown in the validation 
group (Figure 2). In addition, there were signifi-
cant differences in the distribution of risk fac-
tors obtained by the SVM model between the 
PHR and PLR group through the Heatmap, and 
the result again indicated that the model exhib-
ited good predictive ability (Figure 3).

Establishment of a nomogram for predicting 
OS

We introduced a nomogram based on patients’ 
basic clinical features, preoperative tumor 
markers, and inflammation indicators. The 
nomogram (SVM5) predicted the OS among 
ESCC patients (Figure 4) with a reliable perfor-
mance (AUC of 0.804). It can predict and evalu-
ate the postoperative outcome of patients with 
ESCC with a sensitivity of 79.04%, specificity of 
81.82%, PPV of 83.54%, NPV of 76.97%, and 
accuracy of 80.32%. The nomogram (SVM9+5) 
predicts OS among patients with ESCC (Figure 
5) with a reliable performance (AUC of 0.835). 

Figure 1. The ROC curve and the AUC to quantify the 
impact weights (or powers) of the SVM model. Ac-
cording to the move of cut-off point, the sensitivity 
and false negative rate (1-specificity) being studied 
were obtained, then we plotted each point by vertical 
axis (sensitivity) and horizontal axis (1-specificity) to 
generate a ROC curve and calculated the area (the 
larger area, the higher diagnostic value) under the 
curve, in order to gain further prediction analysis 
through SVM model. Abbreviations: SVM5: ECOG, 
NLR, SCC, CY211, CPR, LMR; SVM9: TNM, Diff, Size, 
INV; SVM1: All markers before surgery (ECOG, NLR, 
SCC, CY211, CPR, LMR, P-CRP, CRP, GPS, age).
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Figure 2. Application of the support vector machines (SVM) 5, SVM9, and SVM9+5 models to refine the assessment 
of risk in patients with ESCC. The predicted low-risk group (PLR) represented the low-mortality risk group; that is, 
this group of patients had a long survival time after surgery. The predicted high-risk group (PHR) represented the 
high mortality risk group; that is, this group of patients had a short survival time after surgery. We randomly divided 
the 311 patients into test, Val1, and Val2 groups, and then each group was divided into a high-risk group and a low-
risk group. The test group was used to predict the high-risk (PHR) and low-risk groups (PLR) of patients with ESCC 
by learning different combination indices. In the testing set, the features of the selected variables in each patient 
were input into the SVM model. After the completion of the test process, the independent Val1 and Val2 groups were 
given the same indexes as the test group to predict the high- and low-risk groups for patients. Abbreviations: PLR, 
predicted low-risk group; PHR, predicted high-risk group.

It can predict and evaluate the postoperative 
outcome of patients with ESCC with suffici- 
ent sensitivity (84.43%), specificity (82.52%),  
PPV (84.94%), NPV (81.94%), and accuracy 
(83.55%). This nomogram may be used to com-
prehend treatment and follow-up plans for 
patients with ESCC.

Discussion

Postoperative survival time had a significant 
effect on the prognosis evaluation system. In 
recent years, although the incidence of ESCC 

has decreased, the survival rate remains poor. 
TNM staging is currently a well-recognized  
evaluation index for predicting ESCC prognosis 
[16]. However, TNM staging is an indicator that 
can only be confirmed after surgery, which is 
only suitable for postoperative patients and 
has little significance for preoperative plan- 
ning. 

Systemic inflammation reactions and malnutri-
tion are some reasons for the poor prognosis  
of patients with ESCC [17, 18]. In recent years, 
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many studies have been conducted on newly 
combined inflammation indicators, such as 
GPS, P-CRP, and CPR [6-8]. The inflammation 
index GPS is the ratio of CRP to ALB, and CPR  
is the ratio of CRP and PALB [19]. It can simul-
taneously reflect the inflammatory response 
and nutritional status. It is an easy-to-measure 
and valuable preoperative prognostic indicator 
[20, 21]. However, it is rarely found in progno- 
sis studies of patients with ESCC after surgery, 
and its prognostic value for patients needs to 
be further verified. Our study found that the 
inflammation indicators NLR, LMR, P-CRP, CPR, 
and GPS are risk factors that affect the progno-
sis of patients with ESCC, in which NLR is an 
independent risk factor.

Previous studies have shown that a higher SCC 
level in patients with ESCC before treatment 
indicates a relatively late stage of the tumor 
and a poor prognosis [22, 23], which is consis-
tent with our research results. CY211 is a  
member of the keratin family [24]. It is overex-
pressed in many malignant tumors [25-27]. Our 

study found that elevated levels of SCC and 
CY211 before surgery indicate a poor progno- 
sis for patients with ESCC. Many studies sup-
port these results [28, 29].

The ECOG performance status score calculated 
for the same patients was compared in terms 
of survival prognosis. ECOG has almost the 
vital power for predicting the postoperative 
prognosis of patients with ESCC [30]. At the 
same time, it also has an impact on the survi- 
val of lung cancer [20], liver cancer, and other 
cancers. We screened out the prognostic fac-
tors of ESCC based on patient age, physical fit-
ness score, BMI, preoperative tumor markers 
and inflammatory factors, postoperative TNM 
staging, and other indicators, which were in- 
cluded in the analysis. Furthermore, we estab-
lished an applicable convenient artificial intelli-
gence model for clinical application by SVM 
combined with nomogram analysis.

Due to the lack of high sensitivity, it may be dif-
ficult to use only a single positive tumor marker 

Figure 3. Heatmap of high and low distribution profiles of risk factors affecting the prognosis of patients with ESCC. 
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Figure 4. The nomogram (SVM5) predicted individual patient-level 1, 3, 
5-year overall survival based on preoperative clinical index. Vertical lines 
were drawn from the correct status of each prognostic factor to the top axis 
(points). After the addition of all the points, a vertical line was drawn from 
the “total points” axis to the bottom axes. This helps in the conversion into a 
1-, 3-, and 5-year survival probability. Abbreviations: ECOG, Eastern Coopera-
tive Oncology Group; SCC, squamous cell carcinoma antigen; CY211, cyto-
keratin 19 fragment; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte 
to monocyte ratio; CPR, C-reactive protein to prealbumin ratio.

or inflammatory index to evaluate prognosis in 
the clinic [28]. In order to assess the prognosis 
of patients more accurately with ESCC, we  
combined basic patient characteristics (age, 
BMI, and ECOG score), serum tumor markers, 
and inflammation indices to improve the sensi-
tivity, specificity, and accuracy of prediction 
and judgment. The area under the ROC curve 
reflects the value of various factors in the prog-
nosis of patients with ESCC. TNM staging is a 
well-recognized standard [4]. The results of our 
study showed the AUC of the single index, 
whether tumor markers or inflammatory fac-
tors, is smaller than the AUC of TNM staging, 
indicating that a single index has a certain pre-

dictive value, but lacks sensi-
tivity, and the predictive ability 
is not ideal.

The current results show that 
combining multiple indices 
that have an impact on the 
prognosis of ESCC can greatly 
improve the sensitivity and 
specificity of the SVM and 
enhance its predictive ability. 
The preoperative best combi-
nation (SVM5) obtained by 
combining preoperative indi-
cators that have an impact on 
the prognosis of ESCC has an 
area under the line of 0.804, 
which far exceeds the predic-
tive power of TNM staging [4] 
(AUC = 0.760), which is equiv-
alent to the AUC of the post- 
operative combination SVM9 
(AUC = 0.800), and its sensi-
tivity and specificity for predi- 
cting postoperative survival of 
ESCC have no statistical dif-
ference compared with those 
of SVM9 (P > 0.05). This also 
confirms the predicted value 
of the SVM model from the 
side. For patients who have 
already undergone surgery, 
we can combine preoperative 
and postoperative indicators 
that have an impact on the 
prognosis of ESCC (SVM9+5) 
to predict the survival time of 
patients after surgery, with an 
area under the line of 0.835, 

which is only slightly lower than the combina-
tion of all indicators before and after surgery 
(SVM9+1), far more than the postoperative 
combination SVM9. Moreover, its sensitivity 
and specificity for predicting postoperative sur-
vival of ESCC were higher than those of SVM9 
(P < 0.001); at the same time, its sensitivity 
was higher than that of SVM9+1, and specifi- 
city was lower than that of SVM9+1 (all P < 
0.001). Moreover, through survival analysis, we 
performed survivability discrimination verifica-
tion on the PLR and PHR groups obtained by 
the SVM model and found that the survival  
time of the PLR group of both SVM5 and 
SVM9+5 was much longer than that of the PHR 
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group, and the difference in cumulative survi- 
val rate was large, so we verified the reliability 
of the SVM model again. We used a nomogram 
to input the indicators in the SVM5 combina-
tion into the artificial intelligence program for 
patients with ESCC who have not yet develop- 
ed an individualized plan. It can predict and 
evaluate the postoperative outcome of pa- 
tients with ESCC with a sensitivity of 79.04%, 
specificity of 81.82%, PPV of 83.54%, NPV of 
76.97%, and accuracy of 80.32%. For patients 
who have undergone surgery, we can enter the 
indicators in SVM9+5 into the artificial intelli-
gence program, which can predict and evaluate 
the postoperative outcomes with a sensitivity 
of 84.43%, specificity 82.52%, PPV of 84.94%, 

ments such as personalized surgical planning 
(or appropriate surgery), the best dose and 
time of radiotherapy and chemotherapy, and 
appropriate follow-up intervals. It is worth not-
ing that overtreatment should be avoided  
in the high-risk group, and undertreatment 
should be avoided in the low-risk group. The 
establishment of this SVM model not only has 
prompt significance for the surgical strategies 
for patients, but also assists in the formulation 
of individualized medical programs such as the 
best postoperative radiotherapy and chemo-
therapy and a reasonable period of postopera-
tive follow-up [10-12]. In the future, we will con-
duct multi-center, large-sample, prospective 
studies to validate our results.

Figure 5. The nomogram (SVM9+5) predicted individual patient-level 1, 3, 
5-year overall survival based on preoperative and postoperative clinical in-
dex. Vertical lines were drawn from the correct status of each prognostic fac-
tor to the top axis (points). After the addition of all the points, a vertical line 
was drawn from the “total points” axis to the bottom axes. This helps in the 
conversion into a 1-, 3-, and 5-year survival probability. Abbreviations: TNM, 
tumor node metastasis; INV, invasion of nerve or (and) vessels; Size, tumor 
size; Diff, cell differentiation.

NPV of 81.94%, and accuracy 
of 83.55%. In today’s informa-
tion age, through the estab-
lishment of new predictive 
models, medical research and 
clinical data are combined at 
the level of patient diagnosis 
and treatment to promote the 
progress and development of 
precision medicine research 
[11].

The data for this study were 
collected from a single institu-
tion database, and there is a 
certain degree of selection 
bias, but the SVM model [13-
15] can randomly separate 
them into a test group and  
two independent verification 
groups, which can reduce the 
selection bias and ensure the 
reliability of the data. In addi-
tion, we used the SVM model 
and ROC curve to qualitatively 
and quantitatively evaluate 
the prediction model and  
used the nomogram to evalu-
ate the survival outcome of 
patients with ESCC. Addition- 
ally, different treatment plans 
were adopted according to  
the different predicted high- 
and low-risk groups. Based on 
the differences in the high- 
and low-risk groups of pa- 
tients with ESCC, we selected 
individualized medical treat-
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Table S1. Baseline characteristics of the participants

Clinical Indicators
Patients Cohort

Clinical Indicators
Patients Cohort

n % n %
Gender (311) T (311)
    Male 241 77.5     T1 63 20.3
    Female 70 22.5     T2 85 27.3
Age (years) (311)     T3 159 51.1
    Range 40-83     T4 4 1.3
    Median 66 N (311)
ECOG (311)     N0 173 55.6
    Range 0-4     N1 86 27.7
    Median 1     N2 35 11.3
BMI (kg/m2) (310)     N3 17 5.5
    Range 16.0-30.8 TNM (311)
    ≤ 18.5 33 10.6     I 63 20.3
    18.6-23.9 160 51.6     II 115 37.0
    24-27.9 95 30.6     III 111 35.7
    ≥ 28 22 7.1     IV 22 7.1
Tumor Location (311) Cell Differentiation (311)
    Upper 17 5.5     Well 42 13.5
    Middle 217 70.2     Moderate 179 57.6
    Lower 75 24.3     Poorly 90 28.9
Tumor Size (cm) (311) State (311)
    Range 0.5-7.0     Death 143 46.0
    Median 3.0     Survival 168 54.0
    < 3.0 109 35.0 Follow-up (months) (311)
    ≥ 3.0 202 65.0     Range 3-72
INV (311)     Median 38
    No 256 82.3     Mean ± SD 37.04±20.31
    Yes 55 17.7
Note: ECOG = Eastern Cooperative Oncology Group (performance status); Tumor Location: Upper part = 20-25 cm from incisor; 
Middle part = 25-30 cm from incisor; Lower part = 30-40 cm from incisor; INV = Invasion of Nerve or (and) Vessels; T = Tumor 
invasion; N = Lymph node metastasis; TNM = TNM staging. 

Table S2. Basic characteristics of preoperative inflammatory and tumor markers for 311  patients 
with ESCC

Markers
ESCC patients

Markers
ESCC patients

n % n %
AFP (ug/L) (311) WBC (×10^9/L) (311)
    < 2.68 154 49.5     < 6.00 154 49.5
    ≥ 2.68 157 50.5     ≥ 6.00 157 50.5
CEA (ug/L) (311) ALB (g/L) (311)
    < 1.90 154 49.5     < 41.00 154 49.5
    ≥ 1.90 157 50.5     ≥ 41.00 157 50.5
CA19-9 (IU/ml) (310) PALB (g/L) (311)
    < 8.47 154 49.7     < 286.00 155 50.2
    ≥ 8.47 156 50.3     ≥ 286.00 156 49.8
CA125 (IU/ml) (311) GPS (311)
    < 8.30 155 49.8     < 1 153 49.2
    ≥ 8.30 156 50.2     ≥ 1 158 50.8
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SCC (ng/ml) (311) LMR (311)
    < 0.90 143 46.0     < 4.28 155 49.8
    ≥ 0.90 168 53.4     ≥ 4.28 156 50.2
CY211 (ng/ml) (310) P-CRP (311)
    < 2.65 154 49.7     < 152.40 154 49.5
    ≥ 2.65 156 50.3     ≥ 152.40 157 50.5
CRP (mg/dL) (311) CPR (147)
    < 0.90 152 48.9     < 0.0037 157 50.5
    ≥ 0.90 159 51.1     ≥ 0.0037 154 49.5
NLR (311)
    < 2.43 154 49.4
    ≥ 2.43 157 50.3
Note: ESCC = Esophageal squamous cell carcinoma; SCC = Squamous Cell Carcinoma Antigen; CY211 = cytokeratin 19 frag-
ment; NLR = Neutrophil To Lymphocyte Ratio; CRP = C-reactive protein; PALB = prealbumin; GPS = Glasgow Prognostic Score; 
LMR, Lymphocyte to monocyte ratio; P-CRP, the platelet × C-reactive protein multiplier value; CPR, C-reactive protein to prealbu-
min ratio; These indicators were grouped by median.

Figure S1. Distribution map of preoperative age, ECOG impact on survival and overall survival trend of ESCC pa-
tients. Overall survival (OS) was defined from the date of surgery until the date of death or the date of the last follow-
up. Follow-up ranged from 0 to 72 months after surgery until October 2019, and the median follow-up time was 38 
months. It can be seen from the figure: the 1-year survival rate of patients with ESCC after surgery was 85.9%, the 
3-year survival rate was 52.1%, and the 5-year survival rate was 45.3%. And Kaplan-Meier survival analysis showed: 
Age and ECOG have an impact on the prognostic survival of ESCC patients after surgery (P < 0.05).
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Table S3. Quantitative correlation analysis between preoperative tumor markers and postoperative clinical indicators in patients with ESCC
Markers AFP CEA CA19-9 CA125 SCC CY211 Diff INV Size T N TNM
AFP 1
CEA -0.096 1
CA199 0.036 0.309** 1
CA125 0.114* 0.125* 0.276** 1
SCC -0.025 0.112* 0.022 0.107 1
CY211 0.017 0.004 0.053 0.087 0.204** 1
Diff 0.035 0.104 0.143* 0.039 0.004 0.006 1
INV -0.167** 0.093 0.034 -0.036 0.019 0.022 0.245** 1
Size 0.013 -0.034 0.024 0.041 0.339** 0.124* 0.094 0.154** 1
T 0.052 0.006 -0.083 0.110 0.396** 0.102 0.257** 0.171** 0.481** 1
N 0.005 0.072 -0.028 0.069 0.220** 0.065 0.417** 0.346** 0.266** 0.413** 1
TNM -0.011 0.064 -0.06 0.077 0.265** 0.120* 0.448** 0.355** 0.365** 0.648** 0.884** 1
Note: Size = Tumor Size; Diff = Cell Differentiation; INV = Invasion of Nerve or (and) Vessels; T = Invasion depth; N = Lymph node metastasis; TNM = TNM staging. *p < 0.05; **p < 0.01.

Table S4. Quantitative correlation analysis between preoperative inflammatory markers and postoperative clinical indicators in patients with ESCC
Sex Age BMI ECOG NLR CRP GPS LMR PCRP CPR Diff INV Size T N TNM

Sex 1
Age 0.184** 1
BMI -0.027 -0.035 1
ECOG -0.094 0.164** 0.013 1
NLR -0.179** -0.077 -0.046 0.297** 1
CRP 0.003 -0.041 0.019 0.102 0.198** 1
GPS -0.029 -0.024 0.063 0.174** 0.265** 0.645** 1
LMR 0.224** 0.064 0.184** -0.098 -.479** -0.124* -.145* 1
PCRP 0.028 -0.039 -0.011 0.108 0.152** 0.874** 0.589** -0.106 1
CPR 0.014 0.022 0.013 0.131* 0.239** 0.845** 0.624** -0.19** 0.771** 1
Diff -0.005 0.074 -0.126* 0.240** 0.167** 0.094 0.143* 0.045 0.143* 0.106 1
INV 0.033 0.047 0.011 0.018 0.086 0.032 0.055 0.035 0.010 0.066 0.245** 1
Size -0.023 0.077 -0.015 0.127* 0.180** 0.185** 0.167** -.127* 0.204** 0.198** 0.094 0.154** 1
T -.165** -0.036 -0.03 0.128* 0.246** 0.101 0.122* -.178** 0.141* 0.194** 0.257** 0.171** 0.481** 1
N -0.012 -0.071 -0.043 0.167** 0.256** 0.071 0.065 -0.077 0.041 0.103 0.417** 0.346** 0.266** 0.413** 1
TNM -0.018 -0.063 -0.05 0.163** 0.272** 0.080 0.083 -0.099 0.092 0.125* 0.448** 0.355** 0.365** 0.648** 0.884** 1
Note: Size = Tumor Size; Diff = Cell Differentiation; INV = Invasion of Nerve or (and) Vessels; T = Invasion depth; N = Lymph node metastasis; TNM = TNM staging. *p < 0.05; **p < 0.01.
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Figure S2. Post-operative indicators correlate with survival in patients with ESCC. The survival curve of patients is 
getting lower and lower, and the prognosis is getting worse. Mainly include the following indicators that are meaning-
ful for survival and prognosis: Size, INV, cell differentiation, T, N, and TNM staging had an impact on the prognostic 
survival of patients with ESCC after surgery.
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Figure S3. Preoperative related indicators correlate with survival in patients with ESCC. Mainly include the following 
indicators that are meaningful for survival and prognosis: Survival analysis revealed that high expression of NLR, 
SCC, CY211, CPR, P-CRP, CRP, and GPS correlated with poor prognosis in ESCC (P < 0.05). Low expression of LMR 
suggests a poor prognosis for patients with ESCC after surgery.

Table S5. Risk factors affecting the prognosis of patients with ESCC by Cox single factor analysis 

Clinical Parameters B SE Wald df
Cox single-factor regression 

model analysis P value
HR (95% CI)

Markers before surgery
    Gender (Female vs Male) -0.305 0.197 2.408 1 0.737 (0.501-1.084) 0.121
    Age (≥ 66 vs < 66 years) -0.348 0.156 4.993 1 0.706 (0.521-0.958) 0.025
    BMI 2.705 3 0.439
        (18.6-23.9 vs ≤ 18.5 kg/m2) -0.083 0.243 0.117 1 0.920 (0.572-1.481) 0.732
        (24-27.9 vs ≤ 18.5 kg/m2) -0.332 0.265 1.571 1 0.718 (0.427-1.206) 0.210
        (≥ 28 vs ≤ 18.5 kg/m2) -0.329 0.372 0.781 1 0.720 (0.347-1.493) 0.377
    ECOG (≥ 1 vs < 1) 1.351 0.176 58.918 1 3.863 (2.736, 5.455) < 0.001
    NLR (≥ 2.43 vs < 2.43) 0.767 0.159 23.363 1 2.152 (1.577, 2.937) < 0.001
    AFP (≥ 2.68 vs < 2.68 ug/L) 0.118 0.155 0.583 1 1.125 (0.831-1.524) 0.445
    CEA (≥ 1.90 vs < 1.90 ug/mL) 0.004 0.154 0.001 1 1.004 (0.742-1.359) 0.978
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    CA19-9 (≥ 8.47 vs < 8.47 IU/mL) 0.302 0.156 3.731 1 1.352 (0.996-1.837) 0.053
    CA125 (≥ 8.30 vs < 8.30 IU/mL) 0.238 0.155 2.363 1 1.269 (0.937-1.720) 0.124
    SCC (≥ 0.90 vs < 0.90 ng/mL) 0.537 0.160 11.277 1 1.711 (1.251-2.341) 0.001
    CY211 (≥ 2.65 vs < 2.65 ng/mL) 0.496 0.157 9.943 1 1.642 (1.207-2.236) 0.002
    CRP (≥ 0.90 vs < 0.90 mg/dL) 0.033 0.012 8.183 1 1.034 (1.011-1.058) 0.004
    WBC (≥ 6.00 vs < 6.00 × 10^9/L) -0.154 0.155 0.986 1 0.858 (0.633-1.161) 0.321
    ALB (≥ 41.00 vs < 41.00 g/L) -0.064 0.155 0.170 1 0.938 (0.692-1.271) 0.680
    PALB (≥ 286.00 vs < 286.00 g/L) -0.261 0.155 2.834 1 0.770 (0.568-1.044) 0.092
    GPS (≥ 1 vs < 1) 0.495 0.156 10.000 1 1.640 (1.207-2.229) 0.002
    LMR (≥ 4.28 vs < 4.28) -0.376 0.156 5.786 1 0.687 (0.505-0.933) 0.016
    P-CRP (≥ 152.40 vs < 152.40) 0.420 0.156 7.249 1 1.523 (1.121-2.068) 0.007
    CPR (≥ 0.0037 vs < 0.0037) 0.504 0.156 10.374 1 1.655 (1.218-2.248) 0.001
    Tumor Location 0.795
        (Middle vs ≤ Upper) 0.142 0.366 0.151 1 1.153 (0.563-2.360) 0.698
        (Lower vs ≤ Upper) 0.232 0.386 0.361 1 1.261 (0.592-2.686) 0.548
Markers after surgery
    T (T3+T4 vs T1+T2) 0.779 0.163 22.814 1 2.180 (1.583-3.002) < 0.001
    N (N1+N2+N3 vs N0) 1.251 0.161 60.371 1 3.493 (2.548-4.789) < 0.001
    TNM (III+IV vs I+II) 1.161 0.159 53.672 1 3.194 (2.341-4.358) < 0.001
    Cell Differentiation (3 vs 1+2) 0.898 0.159 31.892 1 2.455 (1.797-3.353) < 0.001
    Tumor Size (≥ 3.00 vs < 3.00 cm) 0.810 0.185 19.214 1 2.248 (1.565-3.230) < 0.001
    INV (yes vs no) 0.731 0.184 15.844 1 2.077 (1.449-2.977) < 0.001
Note: HR, hazard ratio; CI, confidence interval; vs., versus; GPS=Glasgow Prognostic Score; Tumor Location: Upper part = 
20-25 cm from incisor; Middle part = 25-30 cm from incisor; Lower part = 30-40 cm from incisor; CY211 = Cyfra21-1; INV = 
Invasion of Nerve or (and) Vessels; Cell Differentiation: 1 = Well; 2 = Moderate; 3 = Poorly.

Table S6. Risk factors affecting the prognosis of patients with ESCC by cox multiple factor regression 
analysis

Clinical Markers B SE Wald df
Cox multi-factor regression 

model analysis P value
HR (95% CI)

Age (≥ 66 vs < 66 years) -0.500 0.161 9.703 1 0.606 (0.443, 0.831) 0.002
ECOG (≥ 1 vs < 1) 1.527 0.188 66.139 1 4.603 (3.186, 6.649) < 0.001
NLR (≥ 2.43 vs < 2.43) 0.631 0.169 14.014 1 1.880 (1.351, 2.617) < 0.001
SCC (≥ 0.90 vs < 0.90 ng/mL) 0.385 0.169 5.210 1 1.469 (1.056, 2.044) 0.022
CY211 (≥ 2.65 vs < 2.65 ng/mL) 0.454 0.159 8.142 1 1.574 (1.153, 2.150) 0.004
INV (yes vs no) 0.578 0.199 8.400 1 1.783 (1.206, 2.636) 0.004
Cell Differentiation (3 vs 1+2) 0.399 0.175 5.204 1 1.491 (1.058, 2.101) 0.023
TNM (III+IV vs I+II) 0.959 0.172 31.022 1 2.609 (1.862, 3.656) < 0.001
Note: HR, hazard ratio; CI, confidence interval; vs., versus; INV = Invasion of Nerve or (and) Vessels; Cell Differentiation: 1 = 
Well; 2 = Moderate; 3 = Poorly. 


