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of a nomogram model for predicting the risk
of esophageal stricture after endoscopic
submucosal dissection: a multicenter case-
control study
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Abstract

Esophageal stricture is a common complication after endoscopic submucosal dissection (ESD) for superficial esopha-
geal cancer and precancerous lesions, we intend to investigate the independent risk factors of esophageal stricture
after ESD by adding the data of included living habits, established a nomogram model to predict the risk of esopha-
geal stricture, and verified it by external data. The clinical data and living habits of patients with early esophageal
cancer and precancerous lesions who underwent ESD in the Affiliated Hospital of North Sichuan Medical College and
Langzhong People’s Hospital from March 2017 to August 2021 were retrospectively collected. The data collected from
the two hospitals were used as the development group (n=256) and the validation group (n=105), respectively. Uni-
variate and multivariate logistic regression analyses were used to determine independent risk factors for esophageal
stricture after ESD and establish a nomogram model for the development group. The prediction performance of the
nomogram model is internally and externally verified by calculating C-Index and plotting the receiver operating char-
acteristic curve (ROC) and calibration curve, respectively. The results showed that Age, drinking water temperature,
neutrophil-lymphocyte ratio, the extent of esophageal mucosal defect, longitudinal diameter of resected mucosa,
and depth of tissue invasion (P <0.05) were independent risk factors for esophageal stricture after ESD. The C-Index

of the development group and validation group was 0.925 and 0.861, respectively. The ROC curve and area under

the curve (AUC) of the two groups suggested that the discrimination and prediction performance of the model were
good. The two groups of calibration curves are consistent and almost overlap with the ideal calibration curve, indicat-
ing that the predicted results of this model are in good agreement with the actual observed results. In conclusion, this
nomogram model has a high accuracy for predicting the risk of esophageal stricture after ESD, providing a theoretical
basis for reducing or avoiding esophageal stricture and guiding clinical practice.
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Introduction

Esophageal cancer (EC) is the seventh most common
cancer and the sixth most common cause of cancer
death in the world, and new cases and deaths in China
account for 53.7% and 55.7% of the global total, respec-
tively [1]. Esophageal squamous cell carcinoma (ESCC)
is the main histological type, the 5-year overall survival
rate for patients with advanced ESCC is less than 15%,
while in patients diagnosed early in the disease, this may
reach 85% [2]. Therefore, early diagnosis and treatment
of esophageal cancer can significantly reduce its mor-
tality and is the key to improving patient survival and
prognosis.

At present, with the development of endoscopic tech-
niques, endoscopic submucosal dissection (ESD) has
gradually become the treatment of choice for early
esophageal cancer and precancerous lesions [3]. Esoph-
ageal stricture, as one of the major complications after
ESD, is characterized by varying degrees of dysphagia [4].
Although it has been shown that lesion size, the extent of
mucosal defect, and depth of tissue invasion may be risk
factors for esophageal stricture after ESD [5-9]. However,
the risk factors of esophageal stricture after ESD are not
fully clear, and studies on the effects of living habits on
esophageal stricture after ESD have not been reported.
If the risk factors of esophageal stricture after ESD can
be identified, it will help clinicians to take targeted pre-
ventive measures in advance, which is very important to
reduce or avoid the occurrence of esophageal stricture.

The nomogram model plays an important role in pre-
dicting the individualized assessment of patients, the
occurrence of diseases and survival prognosis [10-12].
However, there are few reports on constructing nomo-
gram models to predict esophageal stricture after ESD.
Therefore, this paper retrospectively analyzed the rel-
evant data of patients after ESD to identify the independ-
ent risk factors of esophageal stenosis after ESD, and
then constructed a nomogram model, and assessed the
predictive value of this model by means of internal and
external validation, providing a theoretical basis for guid-
ing clinical practice.

Materials and methods

Patients

In this paper, we retrospectively collected patients with
superficial esophageal squamous cell carcinoma and
precancerous lesions who underwent esophageal ESD
in two hospitals: North Affiliated Hospital of Sichuan
Medical College and Langzhong People’s Hospital from
March 2017 to August 2021, and collected the clinical
data and living habits of these patients. The date of first
patient data access for this study was January 20, 2022.
After strict inclusion criteria and exclusion criteria, 256
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patients in the Affiliated Hospital of North Sichuan Med-
ical College and 105 patients in Langzhong People’s Hos-
pital were included, and relevant data were collected as
the development dataset and validation dataset, respec-
tively. In this study, we routinely used oral steroids in
patients with more than 3/4 of the circumferential per-
centage of mucosal defects, who started oral prednisone
acetate at a dose of 30 mg/day on the third postoperative
day, which was reduced by 5 mg every 2 weeks. When the
dose was reduced to 20 mg/day, 5 mg was reduced every
week. Steroids were administered for a total of 8 weeks.
In the development group, 67 patients received steroids;
in the validation group, 23 patients received steroids.
Postoperative re-examinations at endoscopes were per-
formed every 3 months during the first year after ESD
to determine whether esophageal strictures developed.
This study is a retrospective design and we applied to
the ethics committee for a waiver of informed consent,
which waived the need for participant consent. The ethi-
cal study was performed at The Affiliated Hospital of
North Sichuan Medical College under the Declaration
of Helsinki and the protocol was approved by the ethics
committee of the Affiliated Hospital of North Sichuan
Medical College (batch number: 2022ER018-1).

The inclusion criteria included: (1) preoperative com-
prehensive imaging examination to rule out peripheral
lymph nodes and distant metastasis; (2) preoperative
endoscopic biopsy findings suggestive of early ESCC
or precancerous lesions; (3) endoscopic ultrasonogra-
phy was performed to rule out cases with tumor inva-
sion depth exceeding the mucosal layer; (4) none of the
patients had serious underlying diseases.

Exclusion criteria included: (1) incomplete, blurred, or
lost patient-relevant data; (2) Postoperative pathology
after ESD revealed esophageal adenocarcinoma, pap-
illoma, spindle cell tumor, etc., with the depth of tissue
invasion exceeding 200 um in the submucosa; (3) loss to
follow-up or patient death; (4) patient with a history of
other tumors.

Pathological diagnostic criteria: According to the cri-
teria of the World Health Organization [13], pathologi-
cal diagnosis includes low-grade intraepithelial neoplasia
(LGIN), high-grade intraepithelial neoplasia (HGIN), and
esophageal squamous cell carcinoma (ESCC).

Data collection

In both the development and validation groups, we col-
lected data on the clinical and lifestyle habits of patients
with early esophageal cancer and precancerous lesions
treated with ESD.

(1) clinical data: Age, gender, preoperative high neu-
trophil-lymphocyte ratio (NLR), platelet-lymphocyte
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ratio (PLR), lympho-monocyte ratio (LMR), the lon-
gitudinal length of the resected mucosa, lesion loca-
tion, en bloc resection, percentage of the circum-
ferential mucosal defect, postoperative pathological
type, positive margin, and depth of Invasion.

(2) living habits data: Long-term smoking, long-term
drinking, high protein diet, fruit and vegetable intake,
eating speed, pickled food, fried food, and high-tem-
perature water intake.

bles and Definitions:

NLR, PLR, and LMR: Preoperative blood routine
was collected from patients, including neutrophil,
lymphocyte, and monocyte counts. The neutro-
phil-lymphocyte ratio (NLR), platelet-lymphocyte
ratio (PLR), and Lympho-monocyte ratio (LMR)
were calculated for each patient, and then the
median of the above parameters was found. Those
above the median were in the high-value group,
and those below the median were in the low-value
group.

Sites of esophageal lesions: The sites of esopha-
geal lesions were classified according to the lat-
est segmented criteria [14]: 1) cervical esophagus:
15—20 cm from the upper incisors; 2) upper tho-
racic esophagus: 20—25 cm from the upper inci-
sors; 3) middle thoracic esophagus: 25—30 cm

Development

group data(n=256)

Univariate
analysis

3)

(4)

Multivariate logistic stepwise

regression analysis

Collinearity
Diagnostics

!

Nomogram
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Lemeshow test

<— Independentrisk factors

Page 3 of 12

from the upper incisors; 4) lower thoracic esopha-
gus: 30—40 cm from the upper incisors.

Depth of tissue invasion: All of them were based on
the Paris classification criteria for gastrointestinal
tumors in 2002 [15]. The depth of invasion of the
diseased tissue was divided into M (confined to the
mucosal layer) and SM (infiltrating into the submu-
cosa). Among them, M is divided into M1 (involv-
ing the mucosal epithelial layer), M2 (involving the
lamina propria), and M3 (involving the Muscularis
mucosae); SM is divided into SM1 (depth of inva-
sion no more than 200 um into the submucosa),
SM2 (depth of invasion more than 200 pum into the
submucosa), and SM3 (depth of invasion reaching
the muscular propria).

Assessment of living habits: Referring to the ques-
tionnaire survey on living habits by Liu et al. [16].
If the patient usually eats/drinks (e.g., high pro-
tein diet, fruit and vegetable intake, pickled food,
fried food, high-temperature water intake) more
frequently than 3 times a week, it is defined as fre-
quent, and vice versa. Limit the length of time the
patient is eating to between 20 and 40 min, defined
as fast or slow if the time is below or above this
threshold, respectively, and normal otherwise. If
the patient’s drinking water temperature reaches
the threshold of self-perceived warmth, it is defined
as high-temperature water intake. Patients who
smoked more than 20 cigarettes per day for more

Data collection
and collation

Validation group

data(n=105)

!

the ROC curve the C-Index

1 Flowchart for the methods

the calibration
curve
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than 10 years were defined as long-term smok-
ing; patients who drank more than 100 g per day
for more than 10 years were defined as long-term
drinking.
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(5) Esophageal stricture: Esophageal stricture was
defined if the patient had symptoms of dysphagia or
if standard endoscopy (9.8 mm in diameter) could
not pass through the esophagus [17].

Table 1 Baseline characteristics of the development group and validation group

Development group Validation group (n=105)  t/x2 PValue
(n=256)
Gender (%) 0.002 0.962
Male 147 53
Female 109 52
Age (%) 0.002 0.969
>60 175 72
<60 81 33
NLR (%) 0.007 0.935
>3.186 128 52
<3.186 128 53
PLR (%) 0.007 0.935
>88.57 128 53
<8857 128 52
LMR (%) 0.007 0.935
>0.2 128 52
<02 128 53
Longitudinal length, mean 5D, cm 3.523+1.623 465741824 5812 0.000
Lesion location (%) 1.615 0.656
cervical 5 2
Upper thoracic 45 24
Middle thoracic 134 54
Lower thoracic 72 25
En bloc resection (%) 7.190 0.007
Yes 211 98
No 45 7
PCMD (%) 17.644 0.001
<1/4 32 11
1/4~1/2 120 31
1/2~3/4 63 49
>3/4 41 14
Steroid (%) 0.724 0.395
Yes 67 23
No 189 82
Postoperative pathological type (%) 4.893 0.087
LGIN 72 18
HGIN 130 63
ESCC 54 24
Positive margin (%) 3.158 0.076
Yes 40 9
No 216 96
Depth of Infiltration (%) 0.262 0.609
<M2 199 79
>M2 57 26

NLR Neutrophil-to-lymphocyte ratio, PLR Platelet-to-lymphocyte ratio, LMR Lympho-monocyte ratio, Longitudinal length Longitudinal length of the resected

specimen, PCMD Percentage of the circumferential mucosal defect
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Statistical analysis

Data were statistically analyzed using SPSS 25.0 software
and R 4.2.0 software. Enumeration data were compared
by chi-square test, measurement data were expressed
as mean =+ standard deviation (X £ s), and an independ-
ent sample t-test was used for comparison. In this study,
P-value, odds ratio (OR), and 95% confidence interval
(CI) were used to describe the independent risk factors of
esophageal stricture after ESD.

SPSS 25.0 software was used for univariate analysis of
variables in the developmental group, and multivariate
logistic stepwise regression analysis was performed for
statistically significant variables (P<0.05) to obtain inde-
pendent risk factors for esophageal stricture after ESD.
Based on the results of multivariate logistic stepwise
regression analysis, a nomogram model for predicting
esophageal stricture was successfully developed using R
4.2.0 software, and the model fit was assessed by the Hos-
mer—Lemeshow test.

In this paper, we use development group data for
internal validation and validation group data for exter-
nal validation to test the predictive performance of this
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nomogram model separately. We use the data of the
development group and the validation group to draw the
ROC curve and calculate the C-Index, respectively, to
evaluate the predictive accuracy of this model, and then
use the Bootstrap method to draw the calibration curve
of these two groups, and further evaluate whether the
prediction probability of this model is consistent with
the observation probability. Flowchart for the methods is
shown in Fig. 1.

Results

Participant characteristics

A total of 361 patients after esophageal ESD were
included in this study, consisting of a development group
(n=256) and a validation group (n=105), with a ratio
of 7:3. In the development group, there were 147 males
and 109 females, with an average age of 63.01+8.397
(years); in the validation group, there were 53 males and
52 females, with an average age of 63.10+7.252 (years).
All patients were followed up, and postoperative endo-
scopic reexamination was performed every 3 months in
the first year, if there were no significant abnormalities,

Table 2 Univariate and multivariate logistic regression models in the development group

Univariate analysis

Multivariate analysis

OR (95%Cl) P value OR (95%Cl) P value
Gender 1.256(0.629-2.508) 0518
Age 4, 642(1 .588-13.568) 0.005 11.229(2.315—54.466) 0.003
Hypertension 81(0.482-2.893) 0.717
Diabetes 045(0.222-4.914) 0.955
BMI 9( 61) 0.637
NLR 47(1.044— 4416) 0.038 5.65(1.782—17.917) 0.003
PLR 11(0.557-2.215) 0.765
LMR 0. 606(0 300-1.224) 0.162
Longitudinal length 1.775(1.405-2. 241) 0.000 1422(1.036—1.951) 0.029
Lesion location NA 0.751
En bloc resection 0.935(0.383-2.281) 0.882
PCMD NA 0.000 8.564(2.587—28.355) <0.001
Steroid 6.064(2.923-12.579) 0.000
Postoperative pathological type NA 0.000
Positive margin 3.132(1.420-6.906) 0.005
Depth of Infiltration NA 0.000 4.433(1.602—12.272) 0.004
High protein diet 0.814(0.399-1.659) 0.571
Fruit and vegetable intake 0.281(0.135-0.586) 0.001
Eating speed NA 0.051
Pickled food 31(2.425-15.499) 0.000
Fried food 57(1.115-15.498) 0.034
High temperature water intake 8. 826(3 827-20.354) 0.000 13.378(3.987—44.882) <0.001
Long-term smoking 026(0.502-2.097) 0.943
Long-term drinking 0523(0 194-1.410) 0.200

OR Odds ratio, C/ Confidence interval;

Variables that are not statistically significant will be excluded in univariate or multivariate analyses
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subsequent reexamination was performed once a year.
In the development group, 38 patients developed post-
operative stenosis, with an incidence rate of esophageal
stenosis of 14.8%; in the validation group, 20 patients
developed postoperative stenosis, with an incidence rate
of esophageal stenosis of 19.05%. The basic characteris-
tics and living habits of the development group and vali-
dation group are shown in Table 1, respectively. There
were statistically significant differences between the two
groups in terms of BMI, longitudinal diameter of the
resected mucosa, en bloc resection, extent of dissected
mucosa, long-term smoking, high-protein diet, pickled
food, fruit, and vegetable intake, and there was no signifi-
cant difference in the other variables.

Univariate and multivariate logistic regression analysis

Table 2 summarizes the results of developing group uni-
variate and multivariate logistic regression analyses to
identify significant predictors of esophageal stricture
after ESD. Univariate analysis showed that esophageal
stricture after ESD was associated with age, preoperative
NLR, longitudinal length of the resected mucosa, PCMD,
postoperative pathological type, postoperative hor-
mone use, positive resection margin, depth of invasion,
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fruit and vegetable intake, eating rate, pickled food, and
high-temperature water intake (P <0.05). In order to con-
trol for confounding factors, we performed multivariate
logistic stepwise regression for the above statistically sig-
nificant factors. The results showed that age of more than
60 years, long-term high-temperature water intake, pre-
operative high NLR, esophageal mucosal defect of more
than 3/4, longitudinal diameter of resected mucosa, and
depth of tissue invasion of more than M2 were independ-
ent risk factors for the esophageal stenosis after ESD. We
found a cutoff value of 4 cm for the longitudinal length
of the resected mucosa by SPSS software, with a Youden
index of 0.603, corresponding to a sensitivity of 84.2%
and a specificity of 76.1%.

Nomogram development

Collinearity analysis of age, drinking temperature, NLR,
longitudinal diameter of resected mucosa, circumferen-
tial range of mucosal defects, and depth of tissue inva-
sion resulted in variance inflation factors (VIFs) of 1.023,
1.034, 1.010, 1.466, 1.496, and 1.094, respectively, which
indicated that there was no multicollinearity among the
six independent risk factors. Based on the results of logis-
tic regression analysis, we developed an individualized

0 10 20 30 40 50 60 70 80 90 100
Points ) ) ) ) ) A ) ) ) )
>60
Age r )
<60
yes
High.temperature.water.intake r .
<no
High
NLR r i
Low
LL r T T T T T T T T T Y T T 1
0 1 2 3 4 5 6 7 8 9 10 1 12 13
>3/4
PCMD ! )
<3/4
M2
Depth.of Infiltration = :
<M2
Total Points r T T T T 1
0 50 150 200 250 300
Stenosis possibility r T —T—T—T—TT T )
0.01 01 02 0304050607 08 09 0.99

Fig. 2 Nomograms for the individualized prediction of esophageal stricture after endoscopic submucosal dissection
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prediction model for esophageal stricture after ESD using
R, the nomogram model (Fig. 2). The total risk score is
determined by obtaining the point of each relevant fac-
tor on the nomogram, adding the scores of all variables,
and directly obtaining the risk probability of develop-
ing esophageal stricture, if the risk probability is greater
than 50%, the patient is predicted to develop esophageal
stricture.

Nomogram validation

The fitness of the model was analyzed using the Hos-
mer—Lemeshow test, and the results showed that the
fitness of the model was good and could be used to pre-
dict the risk of occurrence (P=0.979). The performance
of the nomogram model was verified by calculating the
C-Index and plotting the ROC curve and the calibration
curve. First, we first internally validate the model. We
calculated the C-Index of the development group to be
0.925, plotted the ROC curve (Fig. 3), and showed that
the AUC was 92.5%, and the sensitivity and specificity
were 89.5% and 79.8%, respectively, indicating that the
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discrimination and prediction performance of this model
was good. The calibration curve (Fig. 4) shown that the
apparent appearance of the developed calibration curve
almost overlaps with the ideal nomogram calibration
curve. We then externally validated the model. We plot-
ted ROC curves using the validation set (Fig. 5), which
showed that the AUC was 86.1%, and sensitivity and
specificity of 89.4% and 70.0%, respectively, indicating
that the model has good predictive performance in differ-
ent populations. The calibration curve of the validation
group (Fig. 6) showed that it was basically consistent with
the calibration curve of the development group, indicat-
ing that the prediction of the nomogram model was in
good agreement with the observation results.

Discussion

In recent years, ESD has gradually become the treatment
strategy of choice for superficial esophageal squamous
cell carcinoma and precancerous lesions [4]. However,
esophageal stricture after ESD severely affects patients’
quality of life. At present, the risk factors of esophageal
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Fig. 3 ROC curves for validating the discrimination power of the nomogram in the development group
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stricture after ESD are still unclear, the effect of patients’
living habits on esophageal stricture after ESD has not
been reported, and the prediction model of esopha-
geal stricture after ESD lacks effective external valida-
tion. Therefore, this study retrospectively collected the
basic data and living habits of patients, used univariate
and multivariate analysis to determine the risk factors
of esophageal stenosis after ESD, and then established a
nomogram model to predict the risk of esophageal ste-
nosis, and validated the model by internal and external
validation.

This study found that age of more than 60 years, long-
term high-temperature water intake, preoperative high
NLR, esophageal mucosal defect of more than 3/4,
longitudinal diameter of resected mucosa, and depth
of tissue invasion of more than M2 were independent
risk factors for esophageal stenosis after ESD (P<0.05).
Previous studies have shown that the extent of esopha-
geal mucosal defects, the depth of tissue invasion, and
the length of longitudinal mucosal defects are reliable
independent risk factors for esophageal stricture after
ESD [7, 8, 18-21], but the extent of specific mucosal

defects and the length of longitudinal mucosal defects
still vary individually in different research reports. Kat-
ada et al. found that the frequency of esophageal stric-
tures with mucosal defect circumference above 3/4 and
longitudinal diameter >30 mm was significantly higher
in patients [18], thus confirming a correlation between
the extent and size of mucosal resection and esopha-
geal strictures. Tang et al. in investigating the risk fac-
tors for refractory stricture after extensive ESD, found
that the length of longitudinal resection>50 mm and
the depth of tissue invasion above M2 were independ-
ent risk factors for refractory esophageal stricture [22].
Ono et al. used stepwise logistic regression analysis to
investigate predictors of stricture after ESD and found
that circumferential resection > 3/4, longitudinal diam-
eter >30 mm, and histological depth of M2 were relia-
ble predictors of postoperative esophageal stricture [8].
The results of this study are basically consistent with
the conclusions of previous literature.

In previous studies, inflammatory markers such as
NLR, PLR, and LMR are often used to predict the stage,
differentiation, invasion, and prognosis of tumors, and
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have good predictive value [23, 24]. The above indicators
were included in this study. Statistical analysis showed
that preoperative high NLR was an independent risk fac-
tor for esophageal stenosis after ESD, and preoperative
high NLR was more likely to have postoperative esoph-
ageal stenosis (P=0.003, OR=5.65 95% CI: 1.782—
17.917). In fact, the formation of esophageal stricture
itself requires the participation of inflammatory media-
tors, which play an important role in scar repair [25].
Therefore, inflammatory markers may be one of the risk
factors for esophageal stricture.

The incidence of cancer increases with age, which is
a risk factor for esophageal cancer and is commonly
used to predict the occurrence and prognosis of can-
cer [26, 27]. The effect of age on esophageal stricture
was rarely reported in previous studies, but the results
of this study indicated that an age older than 60 years
was an independent risk factor for esophageal stric-
ture (P=0.003, OR=11.229, 95% CI: 2.315—54.466).
Funakawa et al. found that there was no significant

difference in age, gender, alcohol consumption and
smoking, and tumor location between the esophageal
stenosis group and the non-stenosis group after ESD
[28]. However, this study obtained that age was an
independent risk factor for esophageal stricture based
on excluding confounding factors, which had some
accuracy and reliability. The increased risk of esopha-
geal stricture in elderly patients probably is caused by
factors such as trace elements and vitamin deficiency
related to the mucosal repair and poor local blood cir-
culation [29-31].

Liu et al. established an age-stratified risk prediction
model for esophageal squamous cell carcinoma and its
precancerous lesions on the basis of a population-based
large endoscopic screening trial, which included predic-
tors of lifestyle habits and dietary status [16]. In recent
years, no report has been found that the patient’s liv-
ing habits are included in the risk factors and predic-
tion model of esophageal stenosis. This study, the living
habits of patients were included in this study for the
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first time, and the results of multivariate logistic step-
wise regression revealed that long-term high-temper-
ature water intake was an independent risk factor for
esophageal stenosis after ESD (P<0.001, OR=13.378,
95% CI: 3.987—44.882), but not with high-protein diet,
fruit and vegetable intake, pickled food, fried food, eat-
ing speed, long-term smoking and alcohol consumption
(P>0.05). High temperature have been reported to lead
to esophageal mucosal edema and inflammation forma-
tion, long-term will lead to surrounding fibrous hyper-
plasia, collagen accumulation, scar contracture, and
ultimately esophageal scar stenosis [32]. Therefore, high-
temperature water intake probably is one of the causes of
esophageal stricture after ESD. However, its accuracy and
effectiveness need to be verified by more clinical studies
in the future.

In this study, nomogram models were established to
predict the risk of esophageal stricture after ESD, and
the models were internally and externally validated by
calculating C-Index, plotting ROC curves, and calibra-
tion curves. The c-index of the development group and
the validation group were 0.925 and 0.861, respectively,

and the ROC curves of the two groups suggested that
the discrimination and prediction performance of the
model were good. The two groups of calibration curves
were basically consistent and almost overlapped with
the ideal calibration curve, indicating that the predic-
tions of the nomogram model were in good agreement
with the observations. Since the data sources between
the development group and validation group are dif-
ferent, there are some differences in the patient’s living
habits, physician technical level, etc., but this does not
significantly affect the discrimination and calibration of
this prediction model. External validation showed that
the model had good performance in predicting esopha-
geal stricture after ESD, indicating that the model can
be well-suitable for different populations and medi-
cal centers, which is important to reduce or avoid the
occurrence of esophageal stricture.

However, this study still has some limitations. This
study was a multi-center, retrospective, small-sample
design, so the clinical effectiveness needed to be veri-
fied in a large-sample, prospective study; secondly,
the evaluation of the patient’s living habits and other
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indicators had certain subjectivity, and the relevant fac-
tors should be quantified by the standard for accurate
analysis; lastly, due to the limited factors included in
this study, such as the technical level of endoscopists,
patient’s work, living environment, and other factors
may also affect the study outcome, it needs to be con-
sidered in the future relevant studies.

Conclusion

In this study, a nomogram model was established to pre-
dict the risk of esophageal stenosis after ESD. Both inter-
nal and external validations showed that the model has
good predictive performance and can be well adapted to
different populations and medical centers. It is a free tool
beneficial to clinical risk assessment, which has a positive
significance for preventing esophageal stenosis and guid-
ing clinical practice. However, more prospective valida-
tion is needed in the future.

Abbreviations

ESCC Esophageal squamous cell carcinoma

ESD Endoscopic submucosal dissection

LGIN Low-grade intraepithelial neoplasia

HGIN High-grade intraepithelial neoplasia

NLR Neutrophil-lymphocyte ratio

PLR Platelet-lymphocyte ratio

LMR Lympho-monocyte ratio

VIFs Variance Inflation Factors

OR Odds ratio

95%Cl 95% Credibility Interval

ROC Receiver Operating Characteristic

AUC Area Under ROC Curve

BMI Body mass index

L-D Longitudinal diameter of the resected specimen
PCMD Percentage of the circumferential mucosal defect

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512876-023-02855-8.

Additional file 1.
Additional file 2.

Authors’ information
All authors participated in this study.

Acknowledgements
The authors thank Prof Yang Guodong for the excellent assistance.

Authors’ contributions

MZ, TX conducted this study design and manuscript drafting. WJT, CYL, CK,
and RXY contributed to the acquisition of clinical data. YGD provided the
statistical analysis and review this paper.

Funding

This study was supported by the Construction of Key Experimental Platform
for Pancreatic Diseases in Sichuan Province (185XHZ0371) and the Hospital-
level project of the Affiliated Hospital of North Sichuan Medical College
(20227D005). The funders rationally apply scientific research funds to the
project.

Page 11 of 12

Availability of data and materials

The datasets generated and analyzed during the current study are not pub-
licly available for the sake of considering the principle of protecting patient
privacy but are available from the respective authors upon reasonable request.

Declarations

Ethics approval and consent to participate

The present study was performed at The Affiliated Hospital of North Sichuan
Medical College under the Declaration of Helsinki. Verbal consent was
obtained from the participants and approved by the ethics committee of
The Affiliated Hospital of North Sichuan Medical College for this study(ethical
batch number: 2022ER018-1).

Consent for publication
Not applicable.

Competing interests
The authors have no conflict of interest to declare.

Author details

'Department of Gastroenterology, The Affiliated Hospital of North Sichuan Medi-
cal College, Sichuan, China. “Department of Gastroenterology, Sichuan Mianyang
404 Hospital, Mianyang, Sichuan, China. *Department of Gastroenterology,
Langzhong People’s Hospital, Langzhong, Sichuan, China. “Department of Clini-
cal Medicine, North Sichuan Medical College, Nanchong, Sichuan, China.

Received: 23 September 2022 Accepted: 15 June 2023
Published online: 01 July 2023

References

1. BrayF, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Erratum: Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries[J]. CA Cancer J Clin. 2020;70(4):313.

2. Lao-Sirieix P, Fitzgerald RC. Screening for oesophageal cancer[J]. Nat Rev
Clin Oncol. 2012,9(5):278-87.

3. Shah PM, Gerdes H. Endoscopic options for early stage esophageal
cancer[J]. J Gastrointest Oncol. 2015;6(1):20-30.

4. Ning B, Abdelfatah MM, Othman MO. Endoscopic submucosal dissection
and endoscopic mucosal resection for early stage esophageal cancer[J].
Ann Cardiothorac Surg. 2017,6(2):88-98.

5. Mahawongkajit P Tomtitchong P, Boochangkool N, Limpavitayaporn P, Kanlerd
A, Mingmalairak C, et al. Risk Factors for Esophageal Stricture in Grade 2b and
3a Corrosive Esophageal Injuries[J]. J Gastrointest Surg. 2018,22(10):1659-64.

6. Aadam AA, Abe S. Endoscopic submucosal dissection for superficial esophageal
cancer[J]. Dis Esophagus. 2018;31(7). https.//doi.org/10.1093/dote/doy021.

7. ShiQ JuH,Yao LQ, Zhou PH, Xu MD, Chen T, et al. Risk factors for postop-
erative stricture after endoscopic submucosal dissection for superficial
esophageal carcinoma(J]. Endoscopy. 2014;46(8):640-4.

8. Ono S, Fujishiro M, Niimi K, Goto O, Kodashima S, Yamamichi N, et al. Pre-
dictors of postoperative stricture after esophageal endoscopic submu-
cosal dissection for superficial squamous cell neoplasms[J]. Endoscopy.
2009;41(08):661-5.

9. MiwataT, Oka S, Tanaka S, Kagemoto K, Sanomura Y, Urabe Y, et al. Risk
factors for esophageal stenosis after entire circumferential endoscopic
submucosal dissection for superficial esophageal squamous cell
carcinomalJ]. Surg Endosc. 2016;30(9):4049-56.

10. Cheng H, Sun X, Ji X, Zhang J, Lv J, Li T, et al. Risk factors and the potential
of nomogram for predicting hospital-acquired pressure injuries[J]. Int
Wound J. 2020;17(4):974-86.

11. Peng K, Wang S, Gao L, You H. A nomogram incorporated lifestyle
indicators for predicting nonalcoholic fatty liver disease[J]. Medicine
(Baltimore). 2021;100(26): €26415.

12. Chao YK, Chang HK, Tseng CK, Liu YH, Wen YW. Development of a
nomogram for the prediction of pathological complete response after
neoadjuvant chemoradiotherapy in patients with esophageal squamous
cell carcinomalJ]. Dis Esophagus. 2017;30(2):1-8.


https://doi.org/10.1186/s12876-023-02855-8
https://doi.org/10.1186/s12876-023-02855-8
https://doi.org/10.1093/dote/doy021

Mu et al. BMC Gastroenterology (2023) 23:226

13. Gabbert HE, Shimoda T, Hainaut P, Nakamura Y, Field JK, Inoue H. Squamous
cell carcinoma of the oesophagus. In: Hamilton SR, Aaltonen LA, editors.
World Health Organization classification of tumours. Pathology and genet-
ics. Tumours of the digestive system. Lyon: IARC Press; 2000. p. 8-19.

14. Rice TW, Ishwaran H, Ferguson MK, Blackstone EH, Goldstraw P. Cancer of
the Esophagus and Esophagogastric Junction: An Eighth Edition Staging
Primer[J]. J Thorac Oncol. 2017;12(1):36-42.

15. Lambert R, Lightdale C. The Paris endoscopic classification of superficial
neoplastic lesions: esophagus, stomach, and colon: November 30 to
December 1, 2002[J]. Gastrointest Endosc. 2003;58(6 Suppl):S3-43.

16. LiuM, Liu Z, Cai H, Guo C, Li X, Zhang C, et al. A Model To Identify
Individuals at High Risk for Esophageal Squamous Cell Carcinoma and
Precancerous Lesions in Regions of High Prevalence in China[J]. Clin
Gastroenterol Hepatol. 2017;15(10):1538-46.

17. KishidaY, Kakushima N, Kawata N, Tanaka M, Takizawa K, Imai K, et al.
Complications of endoscopic dilation for esophageal stenosis after endo-
scopic submucosal dissection of superficial esophageal cancer[J]. Surg
Endosc. 2015;29(10):2953-9.

18. Katada C, Muto M, Manabe T, Boku N, Ohtsu A, Yoshida S. Esophageal
stenosis after endoscopic mucosal resection of superficial esophageal
lesions[J]. Gastrointest Endosc. 2003;57(2):165-9.

19. Lewis JJ, Rubenstein JH, Singal AG, Elmunzer BJ, Kwon RS, Piraka CR.
Factors associated with esophageal stricture formation after endoscopic
mucosal resection for neoplastic Barrett's esophagus[J]. Gastrointest
Endosc. 2011;74(4):753-60.

20. Mizuta H, Nishimori |, Kuratani Y, Higashidani Y, Kohsaki T, Onishi S. Predictive
factors for esophageal stenosis after endoscopic submucosal dissection for
superficial esophageal cancer[J]. Dis Esophagus. 2009;22(7):626-31.

21. Chen M, Dang Y, Ding C, Yang J, Si X, Zhang G. Lesion size and circumferen-
tial range identified as independent risk factors for esophageal stricture after
endoscopic submucosal dissection[J]. Surg Endosc. 2020;34(9):4065-71.

22. Tang J,Kong F, Li J, Liu F, Kong X, Li Z. Independent risk factors for
esophageal refractory stricture after extensive endoscopic submucosal
dissection[J]. Surg Endosc. 2021;35(7):3618-27.

23. SunY, Zhang L. The clinical use of pretreatment NLR, PLR, and LMR in
patients with esophageal squamous cell carcinoma: evidence from a
meta-analysis[J]. Cancer Manag Res. 2018;10:6167-79.

24. Yodying H, Matsuda A, Miyashita M, Matsumoto S, Sakurazawa N, Yamada
M, et al. Prognostic Significance of Neutrophil-to-Lymphocyte Ratio and
Platelet-to-Lymphocyte Ratio in Oncologic Outcomes of Esophageal Cancer:
A Systematic Review and Meta-analysis[J]. Ann Surg Oncol. 2016,23(2):646-54.

25. Broughton GN, Janis JE, Attinger CE. The basic science of wound
healing[J]. Plast Reconstr Surg. 2006;117(7 Suppl):12S-34S.

26. ChenW, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statis-
tics in China, 2015[J]. CA Cancer J Clin. 2016;66(2):115-32.

27. Pasquer A, Gronnier C, Renaud F, Duhamel A, Théreaux J, Carrere N, et al.
Impact of Adjuvant Chemotherapy on Patients with Lymph Node-Pos-
itive Esophageal Cancer who are primarily Treated with Surgery[J]. Ann
Surg Oncol. 2015;22(Suppl 3):51340-9.

28. Funakawa K, Uto H, Sasaki F, Nasu Y, Mawatari S, Arima S, et al. Effect of
endoscopic submucosal dissection for superficial esophageal neoplasms
and risk factors for postoperative stricture[J]. Medicine (Baltimore).
2015;94(1):e373.

29. Gunin AG, Petrov VV, Golubtzova NN, Vasilieva OV, Kornilova NK. Age-
related changes in angiogenesis in human dermis[J]. Exp Gerontol.
2014;55:143-51.

30. Shimoda Y, Matsuo K, Ono K, Soma Y, Ueyama T, Matoba S, et al. Aging dif-
ferentially alters the expression of angiogenic genes in a tissue-depend-
ent manner[J]. Biochem Biophys Res Commun. 2014;446(4):1243-9.

31. GanaW, De Luca A, Debacq C, Poitau F, Poupin P, Aidoud A, et al. Analysis
of the Impact of Selected Vitamins Deficiencies on the Risk of Disability in
Older People[J]. Nutrients. 2021;13(9):3163.

32. Zhao SL, Gu CD. Advances in the research of scar stricture after esopha-
geal burn. Zhonghua Shao Shang Za Zhi. 2013;29(5):459-62.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Construction and external validation of a nomogram model for predicting the risk of esophageal stricture after endoscopic submucosal dissection: a multicenter case–control study
	Abstract 
	Introduction
	Materials and methods
	Patients
	Data collection
	Variables and Definitions:

	Statistical analysis

	Results
	Participant characteristics
	Univariate and multivariate logistic regression analysis
	Nomogram development
	Nomogram validation

	Discussion
	Conclusion
	Anchor 16
	Acknowledgements
	References


