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	 Background:	 Neoadjuvant chemotherapy is an important treatment for advanced gastric cancer, but it has been unclear 
whether neoadjuvant chemotherapy is closely related to lymph node metastasis. Therefore, based on the dis-
ease characteristics of the cT2-cT4N0M0 gastric cancer population, this study established a nomogram predic-
tion model of lymph node metastasis risk in this gastric cancer population to help clinicians optimize clinical 
decision-making.

	 Material/Methods:	 We analyzed the data of 336 patients with advanced gastric cancer with CT imaging stage of cT2-cT4N0M0 ad-
mitted to the Third Department of the Fourth Hospital of Hebei Medical University from 2015 to 2021. Combined 
with the results of univariate and multivariate logistic regression analysis, 7 indicators were selected to estab-
lish a nomogram prediction model. The calibration curves, ROC curves, and decision curves were drawn against 
the nomogram model using R language.

	 Results:	 The results showed that the AUC value of the model and the external validation data set were 0.925 and 0.911, 
respectively. The P value of the Hosmer-Lemeshow test for the internal validation dataset was 0.082, and the 
P value of Hosmer-Lemeshow test for the external validation dataset was 0.076.The decision curve results 
showed that when the threshold probability was 0.1-0.9, this model could benefit patients by predicting the 
risk of lymph node metastasis in patients with advanced gastric cancer, and formulating appropriate treatment 
schemes accordingly.

	 Conclusions:	 This nomogram has shown good discrimination and fit, and can also be combined with imaging examination 
to screen the populations suitable for neoadjuvant chemotherapy, avoid the risk of misdiagnosis of N staging 
to the greatest extent, and to assist clinicians to optimize clinical decision-making.
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Background

According to the 2018 Global Cancer Statistics Report, approx-
imately 1.03 million people are newly diagnosed annually with 
gastric cancer worldwide, accounting for 5.7% of new cancer 
cases, and it is the fifth most common cancer and the third 
leading cause of cancer-associated death worldwide [1]. China 
has a relatively high incidence of gastric cancer. In 2015, about 
403 000 people developed gastric cancer, and the incidence 
and mortality ranked second and third in the spectrum of can-
cer incidence and mortality in China, respectively [2]. Despite 
a higher detection rate of early gastric cancer in China than 
before, patients with advanced gastric cancer still account for 
70.8% of all gastric cancer cases [3,4]. Currently, the mainstay 
of treatment for those patients includes surgery+chemotherapy 
or preoperative neoadjuvant therapy+surgery+postoperative 
chemotherapy. A large number of clinical studies have shown 
that lymph node metastasis in patients with advanced gastric 
cancer is an independent risk factor for evaluating their progno-
sis. According to the Chinese Expert Consensus on Perioperative 
Treatment of Locally Advanced Gastric Cancer (2021 Edition) 
and recommendations by the National Comprehensive Cancer 
Network (NCCN), neoadjuvant chemotherapy is recommend-
ed for patients with cT3-4aN+M0 gastric adenocarcinoma, and 
cT1-2N+M0, cT3-4a, and NM0 stage esophagogastric junction 
cancer. Therefore, adequate preoperative prediction of lymph 
node metastasis is of significance for the option of individual-
ized preoperative treatment, and helps to further increase the 
R0 resection rate and improve the prognosis. Currently, multi-
spiral CT is generally used as a staging assessment method 
for newly-treated patients. After determining TNM staging, 
corresponding treatment strategies can be adopted. Lymph 
node metastasis is primarily evaluated by the length diame-
ter (L), short diameter (S), L/S ratio, tissue density, and mor-
phological distribution, which, however, may produce a sig-
nificant error. It is generally believed that the accuracy of N 
staging is between 40% and 70% [5,6]. Although the combi-
nation of ultrasound gastroscopy, MRI, and PET-CT can further 
improve the accuracy of diagnosis, the actual practice will sig-
nificantly increase the patient’s financial burden for medical 
treatment. Therefore, this study aimed to establish a predic-
tive model to assess the metastasis risk of lymph node at each 
station in patients with advanced clinical stage T2-T4N0M0 
gastric cancer through the current statistically recognized no-
mogram method, and to correct the staging bias in a more 
economical and convenient fashion, thereby assisting the ac-
curate implementation of individualized treatment of those 
patients in the later stage.

A nomogram is a chart that integrates multiple predictive in-
dicators based on multivariate regression analysis to predict 
related clinical outcomes or the occurrence probability of a 
certain type of event. It has been applied to prediction of the 

related risks of gastric cancer, esophageal cancer, and breast 
cancer [7-9]. As for the current published literature at home 
and abroad, most risk prediction models of gastric cancer are 
based on patients with early gastric cancer. However, predic-
tion models are not available for assessing the risk of lymph 
node metastasis based on those with advanced gastric can-
cer. Therefore, to fill this gap, we constructed a nomogram 
prediction model for the risk of lymph node metastasis for 
this population.

Material and Methods

Research Subjects

A retrospective study was conducted on 336 patients with 
stage cT2-cT4N0M0 advanced gastric cancer by preoperative 
CT imaging who were treated in the Third Department of the 
Fourth Hospital of Hebei Medical University from 2015 to 2021. 
Among them, the clinical data of 236 patients were classified 
as an internal validation set, which was used to establish a 
prediction model and for internal validation. The clinical data 
of the remaining 100 patients were classified as an external 
validation set, which was used for external validation of the 
prediction model. All patients had primary advanced gastric 
cancer without distant metastasis or other tumors. None of 
the patients received neoadjuvant treatment prior to surgery. 
Radical gastric cancer resection and D2 lymph node dissec-
tion were performed in accordance with guidelines of gastric 
cancer treatment proposed by the Japanese Gastric Cancer 
Association (JGCA). Ethics statement: The study was approved 
by the Institutional Review Board of the Fourth Hospital of 
Hebei Medical University. All patients provided written in-
formed consent.

General data of patients were collected for constructing a no-
mogram model, including sex and age; and imaging reports 
and laboratory data were collected with respect to patient’s 
tumor size, tumor location, depth of invasion, degree of dif-
ferentiation, histological type (Lauren classification), presence 
of ulcers, presence of vascular tumor thrombus, immunohisto-
chemical results, tumor markers, and other indicators. Tumor 
size was measured as the largest diameter of the tumor, and 
tumor sites included cardia and stomach fundus, gastric body, 
and gastric antrum; depth of invasion included muscularis pro-
pria (T2), subserosal layer (T3), serosal layer (T4a) and inva-
sion of adjacent organs (T4b). Histological type was based on 
the Lauren classification (intestinal, diffuse, and mixed type). 
Immunohistochemistry included positive rate of Ki67 anti-
gen, and tumor markers included carcinoembryonic antigen, 
carbohydrate antigen 19-9, carbohydrate antigen 72-4, and 
alpha-fetoprotein.
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Statistical Analysis

SPSS 23.0 was used for statistical analysis of the data, and con-
tinuous variables are expressed as M±SD. Categorical variables 
in the 2 groups were compared using the chi-square test. The 
continuous variables were all tested for normal distribution, 
and the variables showing the normal distribution were com-
pared and analyzed by independent-sample t test. Variables 
with P value <0.05 in the chi-square test and t test were ana-
lyzed by univariate logistic regression analysis, thereby eval-
uating the effect of each variable on the lymph node metas-
tasis of advanced gastric cancer. The risk factors with P value 
<0.05 in the univariate logistic regression analysis were ana-
lyzed by multivariate logistic regression analysis to screen out 
the independent risk factors for lymph node metastasis in ad-
vanced gastric cancer (P<0.05). Based on the results of multi-
variate logistic regression analysis, R 4.1.2 software was used 
to construct a nomogram for predicting lymph node metasta-
sis in advanced gastric cancer patients, and the scores corre-
sponding to the risk factors contained in the chart were added. 
The higher the score, the greater the probability of the out-
come events, indicating a higher risk of lymph node metastasis.

In this study, the model was internally validated using 1000 
repetitions of bootstrap sample corrections, and the model was 
validated externally by the data of the external validation set. 
To evaluate the calibration of the model, the calibration curve 
of the internal validation data set and the external validation 
data set of the model was plotted. The calibration curve was 
the comparison between the actual risk and the predicted 
risk. The closer the curve was to the diagonal, the smaller the 
prediction error. The Hosmer-Lemeshow test was performed 
on the model to evaluate the goodness of fit (GOF) between 
the predicted value of the model and the actual value. P val-
ue >0.05 indicated no significant difference between the pre-
dicted value and the actual value, suggesting good fit of the 
model. The receiver operator characteristic (ROC) curve of the 
internal and external validation set was plotted and the area 
under the ROC curve (AUC) was calculated to evaluate the ac-
curacy of the model’s prediction results. AUC of 0.5-0.7 indi-
cated a low accuracy, AUC of 0.7-0.9 indicated moderate accu-
racy, and AUC of >0.9 indicated a high accuracy. The decision 
curve analysis (DCA) method [10] was used to develop the de-
cision curve of the 2 data sets to evaluate the degree of pa-
tient benefit under different positive thresholds. The abscissa 
of DCA was the threshold probability. When the estimated val-
ue of the predictive model reached a certain value, the proba-
bility of lymph node metastasis of patient i was designated as 
Pi; when Pi reached a certain threshold (denoted as Pt), the val-
ue was regarded as positive. The ordinate of DCA was the net 
benefit (NB), which was defined as [the number of true pos-
itives - the number of false positives×Pt/(1-Pt)]/sample num-
ber. The DCA curve could be obtained by plotting NB against Pt.

Results

General Characteristics of Patients

In this study, a total of 236 patients with advanced gastric can-
cer were included as an internal validation set, including 45.76% 
(108/236) patients with positive lymph node metastasis. The 
total number of lymph nodes cleaned in the internal validation 
set was 6294, and the average number of lymph nodes cleaned 
was 27 (20~33). A total of 100 patients with advanced gastric 
cancer were included as an external validation set, including 
50% (50/100) of patients with positive lymph node metasta-
sis. The total number of lymph nodes cleaned in the external 
validation set was 2577, and the average number of lymph 
nodes cleaned was 26 (19~32). However, there was no signif-
icant difference in the positive rate of lymph node metasta-
sis between the 2 sets (P>0.05). The characteristics of clinical 
data of patients in the 2 validation sets are shown in Table 1.

Univariate and Multivariate Logistic Regression Analysis

Univariate logistic regression analysis was conducted to screen 
the risk factors for positive lymph node metastasis in patients 
with advanced gastric cancer. The results showed that tumor 
size, tumor site, depth of invasion, degree of differentiation, 
Larune classification, presence of ulcers, presence of vascular 
tumor thrombus, and the positive rates of Ki67 antigen were 
all related to lymph node metastasis in advanced gastric can-
cer (P<0.05), as shown in Table 2. Multivariate logistic regres-
sion analysis of the above indicators showed that tumor site, 
degree of differentiation, depth of invasion, presence or ab-
sence of vascular tumor thrombus, and positive rate of Ki67 
antigen were independent risk factors for lymph node metas-
tasis in advanced gastric cancer (P<0.05), as shown in Table 3.

Construction of the Nomogram of the Prediction Model

Although the multivariate logistic regression analysis of this 
study showed that tumor size and Lauren classification were 
not independent risk factors for lymph node metastasis in 
advanced gastric cancer, both indicators were included in the 
model construction according to the clinical characteristics of 
advanced gastric cancer. Therefore, the indicators, including 
tumor site, tumor size, degree of differentiation, depth of inva-
sion, presence or absence of vascular tumor thrombus, positive 
rate of Ki67 antigen, and Lauren classification, were selected 
to construct a prediction model for lymph node metastasis of 
advanced gastric cancer, as shown in Figure 1.
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Variable

Internal validation set (n=236) External validation set (n=100)

LNM(+)
(n=108)

LNM(-)
(n=128)

c2 P
LNM(+)
(n=50)

LNM(-)
(n=50)

c2 P

Age 0.294 0.587 0.184 0.66

	 <60 36 47 15 17

	 ³60 72 81 35 33

Gender 1.073 0.3 0.19 0.66

	 Male 79 101 34 36

	 Female 29 27 16 14

Tumor site 33.25 <0.001 7.89 0.019

	 Cardia and stomach fundus 19 42 10 19

	 Gastic body 18 50 6 11

	 Gastric antrum 71 36 34 20

Degree of differentiation 38.54 <0.001 16.64 0.002

	 Poorly differentiated 72 34 27 13

	 Poorly to moderately differentiated 15 33 13 12

	 Moderately differentiated 19 56 5 22

	 Moderately to well- differentiated 1 3 3 1

	 Well-differentiated 1 2 2 2

Lauren type 36.57 <0.001 15.87 <0.001

	 Intestinal type 19 69 8 27

	 Diffuse type 37 34 15 8

	 Mixed type 52 25 27 15

Depth of invation 44.59 <0.001 27.30 <0.001

	 T2 28 89 9 34

	 T3 4 2 2 1

	 T4a 69 34 34 12

	 T4b 7 3 5 3

Presence of ulcers 5.93 0.15 3.04 0.12

	 Yes 87 85 39 31

	 No 21 43 11 19

Presence of vascular thrombi 86.64 <0.001 5.26 0.022

	 Yes 72 11 14 5

	 No 36 117 36 45

Table 1. General information of patients in the 2 validation sets.
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Table 1 continued. General information of patients in the 2 validation sets.

Variable

Internal validation set (n=236) External validation set (n=100)

LNM(+)
(n=108)

LNM(-)
(n=128)

c2 P
LNM(+)
(n=50)

LNM(-)
(n=50)

c2 P

Tumor size (cm) 4.09±0.18 3.00±0.13 – <0.001 3.90±0.19 2.74±0.19 – <0.001

Ki67 (%) 56.38±17.10 44.22±20.78 – <0.001 55.80±2.26 47.72±3.16 – 0.041

CEA (ng/ml) 9.44±3.88 3.74±0.68 – 0.15 3.42±0.62 4.80±1.61 – 0.98

CA19-9 (u/ml) 24.28±4.49 14.30±2.52 – 0.045 19.07±5.33 18.97±5.35 – 0.42

CA72-4 (u/ml) 10.21±3.57 4.79±0.91 – 0.12 5.27±2.10 5.95±1.62 – 0.79

AFP (ng/ml) 10.22±3.57 3.61±0.52 – 0.07 4.14±0.49 3.18±0.19 – 0.077

LNM – lymph node metastasis; CEA – carcinoembryonic antigen; CA19-9 – carbohydrate antigen 19-9; CA72-4 – carbohydrate antigen 
72-4; AFP – Alpha-fetoprotein.

Variables
Univariate analysis

OR 95% CI P

Tumor site 1.824 1.317~2.525 <0.001

Tumor size 1.522 1.267~1.828 <0.001

Depth of invasion 2.468 1.867~3.261 <0.001

Degree of differentation 2.292 1.685~3.117 <0.001

Larune classification 1.978 1.421~2.753 <0.001

Presence of ulcers 2.096 1.149~3.824 0.016

Presence of vascular tumor thrombus 21.273 10.187~44.421 <0.001

Ki67 1.033 1.019~1.049 <0.001

CA199 1.008 0.999~1.018 0.073

Table 2. Univariate analysis of lymph node metastasis in advanced gastric cancer in the internal validation data set.

Variables
Univariate analysis

OR 95% CI P

Tumor site 1.932 1.188~3.142 0.008

Tumor size 1.201 0.952~1.514 0.122

Depth of invasion 1.832 1.176~2.827 0.007

Degree of differentation 1.840 1.181~2.866 0.007

Larune classification 1.347 0.800~2.266 0.262

Presence of ulcers 1.171 0.429~3.192 0.758

Presence of vascular tumor thrombus 18.539 7.634~45.021 <0.001

Ki67 1.034 1.013~1.056 0.001

Table 3. Multivariate analysis of lymph node metastasis in advanced gastric cancer in the internal validation data set.
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Figure 1. �A nomogram model for predicting positive lymph node metastasis in advanced gastric cancer.
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Figure 2. ROC curve of internal validation data set.

1.0

0.8

0.6

0.4

0.2

0.0

1.0 0.8 0.6
Speci�city

AUC: 0.911

0.4 0.2 0.0

Se
ns

iti
vit

y

Figure 3. ROC curve of external validation data set.
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Internal and External Validation of the Nomogram of the 
Prediction Model

The ROC curve of the model was drawn, and the results 
showed that the AUC values of the model and the exter-
nal validation data set were 0.925 and 0.911, respectively 
(95%CI: 0.884-0.959;95%CI: 0.838-0.959). The above results 
demonstrated that the model had good accuracy, as shown in 
Figures 2 and 3. A calibration curve suggested that the predict-
ed probability of this model was in good agreement with the 
actual probability, as shown in Figures 4 and 5. The P value of 
Hosmer-Lemeshow test for the internal validation dataset was 
0.082 (Figures 6), and the P value of the Hosmer-Lemeshow 

test for the external validation dataset was 0.076 (Figure 7), 
indicating good GOF of the model. The decision curve results 
showed that when the threshold probability was 0.1-0.9; this 
model could benefit patients with respect to predicting the 
risk of lymph node metastasis in patients with advanced gas-
tric cancer and formulating appropriate treatment schemes 
accordingly.

Discussion

Lymph node metastasis of gastric cancer is the major route of 
metastasis for gastric cancer, and is also the major risk factor 
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Figure 4. Calibration curve of internal validation data set.

1.0

0.5

0.0

-0.5

-1.0

Nomogram model
All
None

0.0 0.2 0.4
Risk threshold

Cost: beneft ratio

0.6 0.8 1.0

1:100 1:4 2:3 3:2 4:1 100:1

St
an

da
riz

ed
 ne

t b
en

e�
t

Figure 6. DCA curve of internal validation data set.
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Figure 5. Calibration curve of external validation data set.
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Figure 7. DCA curve of external validation data set.
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for recurrence in patients with gastric cancer [11]. Currently, 
relevant experts have reached a consensus that a patient pop-
ulation with certain TNM stage of gastric cancer can signifi-
cantly benefit from preoperative neoadjuvant chemotherapy. 
However, due to the limitations of CT imaging for staging, some 
people who are suitable for neoadjuvant chemotherapy have 
no access to appropriate treatment measures. Therefore, we 
constructed a nomogram prediction model based on the tu-
mor site, tumor size, degree of differentiation, depth of inva-
sion, presence or absence of vascular tumor thrombus, positive 
rate of Ki67 antigen, and Lauren classification for predicting 
lymph node metastasis in advanced gastric cancer to help cli-
nicians provide rational treatment for patients with stage cT2-
cT4N0M0 advanced gastric cancer by preoperative imaging.

This study found that the tumor site was an independent risk 
factor for lymph node metastasis, and the rate of lymph node 
metastasis was higher in the gastric antrum than in other sites. 
Yokota et al [12] reported that the tumor site was closely relat-
ed to lymph node metastasis, which was also an independent 
prognostic factor for patients with gastric cancer. Qin et al [13] 
showed that the lymph node metastasis rate in the lower part 
of the stomach was 63.1%, which was higher than that in other 
sites, but the results were not significantly different. Hence, it 
still remains controversial whether there is an inevitable con-
nection between the tumor site and lymph node metastasis. 
However, based on the results of this study, we still incorpo-
rated this indicator into this model.

Currently, most research results at home and abroad [14-16] 
have shown that the depth of invasion, degree of differentia-
tion, and vascular tumor thrombus are independent risk fac-
tors for lymph node metastasis, which are consistent with our 
findings. A number of studies have reported that patients with 
deep tumor invasion have a significantly higher risk of lymph 
node metastasis [17]. The results of this study showed that 
the lymph node metastasis rate in stage T4 gastric cancer was 
67.5%, which was higher than that in stages T2 and T3. It was 
found that as the depth of tumor infiltration increased, tumor 
tissue invaded the perigastric lymphatic system of the serosal 
layer, leading to increased risk of lymph node metastasis. In 
addition, in this study, the proportion of poorly differentiated 
gastric cancer in the positive lymph node group was relative-
ly higher (66.7%), and the proportion of differentiated gastric 
cancer in the negative lymph node group was relatively higher 
(43.75%). In the positive lymph node group, the lymph node 
metastasis rate was higher in poorly differentiated gastric can-
cer than in moderately differentiated and well-differentiated 
gastric cancer, showing an overall negative correlation and sug-
gesting significant differences. In addition, based on the results 
of large-scale data research, several scholars have found that 
when the lymphatic and blood vessel invasion indicates a high-
er risk of lymph node metastasis, suggesting that the patient 

may have systemic metastasis [18]. Currently, the related tech-
niques can be used to detect the presence of tumor thrombi in 
larger blood vessels before surgery; however, it remains unclear 
whether tumor thrombi are present in smaller blood vessels.

To improve the accuracy of this model, we included an im-
munohistochemical index – the positive rate of Ki67 antigen, 
which generally refers to the percentage of positively stained 
cells in the nuclei of cancer cells. Ki67 antigen is a nuclear pro-
liferation antigen that participates in cell cycle regulation and 
cell proliferation, and is considered a reliable tumor marker. 
Its increase indicates strong proliferation activity and high in-
vasiveness of tumor cells, and it is considered to be related to 
the poor clinical outcomes of various malignant tumors. The 
results of this study showed that positive rate of Ki67 antigen 
was an independent risk factor for lymph node metastasis, and 
that there was a positive correlation between them. Tzanakis 
et al [19] found that the higher the positive rate of Ki67 anti-
gen, the higher the proportion of metastatic lymph nodes in 
the total number of lymph nodes dissected. A study showed 
that as the positive rate of lymph nodes increased, the posi-
tive rate of Ki67 antigen also increased significantly; the pos-
itive rate of Ki67 >50% was associated with the poor progno-
sis of patients [20]. Another meta-analysis also showed that in 
gastric cancer patients with lymph node metastasis, the posi-
tive rate of Ki67 antigen was significantly increased, suggest-
ing that the positive rate of Ki67 antigen could reveal the risk 
of lymph node metastasis of gastric cancer [21].

In addition to the above indicators, tumor size and Lauren clas-
sification are also included in this prediction model. Numerous 
studies have shown that tumor size and Lauren classification 
are independent risk factors for lymph node metastasis. A me-
ta-analysis by Zhao et al [22] has indicated that tumor size is 
significantly related to lymph node metastasis. Patients with 
larger tumors have a higher risk of lymph node metastasis than 
those with smaller tumors. Korean scholars Khalayleh et al [23] 
found that patients with gastric tumors <4 cm in diameter had 
a lower risk of lymph node metastasis than those with gastric 
tumors >4 cm in diameter. Chen et al [24] also reported that 
the risk of lymph node metastasis was the highest in patients 
with tumors >4 cm in diameter. This study showed that the av-
erage tumor size was 4.09 cm and 3.0 cm in the positive and 
negative lymph node positive groups, respectively, which was 
consistent with the above conclusion. Lauren classification cur-
rently refers to the revised classification proposed by Carneiro. 
Sui et al [25] found that patients with diffuse type had extreme-
ly high lymph node metastasis, and the degree of lymph node 
metastasis was significantly higher than in patients with intes-
tinal type. A clinical study based on a large database in Western 
countries indicated that the survival rate of patients with diffuse 
type was significantly lower than that of those with intestinal 
type, which was related to the poor adhesion of diffuse gastric 
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cancer cells, which is prone to spread as well as to poor differ-
entiation [26]. Due to the small number of cases in this study, 
the results showed that tumor size and Lauren classification 
were related to lymph node metastasis, which, however, were 
not independent risk factors. After comprehensive consideration 
of the research results of previous scholars and the biological 
characteristics of gastric tumors, tumor size and Lauren classi-
fication were still included into this prediction model.

To the bet of our knowledge, this nomogram is the first model 
based on preoperative imaging for a patient population with 
stage cT2-cT4N0M0 advanced gastric cancer, to screen those 
who are suitable for neoadjuvant chemotherapy by predicting 
the risk of lymph node metastasis. After being validated by a 
variety of statistical methods, this nomogram showed good 
discrimination and GOF. The DCA curve was drawn to deter-
mine the range of risk threshold that benefited patients, thus 
improving the accuracy of the prediction model. This study has 
several limitations. First, the sample size was small and there 
was a lack of multi-center studies based on medical records. 
Second, presence or absence of small vascular tumor thrombi 

could not be confirmed by currently available techniques. Third, 
the blood biochemical indicators of patients were not includ-
ed, to explore their relationship with lymph node metastasis. 
Finally, due to the lack of postoperative survival data of pa-
tients, this model failed to predict the prognostic survival rate 
of patients with advanced gastric cancer.

Conclusions

This nomogram showed excellent performance, and it can also 
be combined with imaging examination to screen the popula-
tions suitable for neoadjuvant chemotherapy, avoid the risk of 
misdiagnosis of N staging to the greatest extent, and to assist 
clinicians to optimize clinical decision-making.
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