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Abstract
Background: In clinical practice, the accurate prediction of para-aortic lymph node status and the
selection of appropriate surgery methods can significantly affect the prognosis of patients with gastric
cancer. In the present study, we reviewed the data of patients who underwent radical gastric cancer
surgery with dissection of para-aortic lymph nodes (PANs) within the last 20 years and assessed the
possible independent predictors of PAN status.
Methods: We included 308 patients with gastric cancer who fulfilled the inclusion criteria, and logistic
regression and neural network were utilized to identify the possible independent predictors of PAN status.
Results: Logistic regression analysis showed that male sex, Borrmann types III and IV, T4 stage, and
pancreatic or splenic metastases were significant risk factors of PAN metastasis after adjusting for other
factors, and the accuracy rate was 71.8%. After inputting all parameters into the neural network, the
accuracy was 98%.
Conclusion: The neural network has significant benefits in predicting PAN status in patients with gastric
cancer. The finding of this study may be useful in predicting PAN metastasis.

Introduction
The prevalence of gastric cancer is high in China and in other countries worldwide[1, 2]. Due to its adverse
biological behavior, gastric cancer-related mortality is high[3, 4]. The number of lymph node metastases
is the main factor affecting the prognosis of gastric cancer[5, 6]. Moreover, lymph node staging based on
the number of lymph node metastases is an important method for the identification of prognosis and
treatment strategies[7, 8]. With regard to the different stages of gastric cancer, surgery remains the most
important treatment method for surgically resectable gastric cancer[9, 10]. Therefore, how to effectively
predict the location and number of lymph node metastases before and during surgery is a key factor
affecting surgery-related decisions and improves surgical outcomes.
Previous studies have shown that when patients present with para-aortic lymph node metastasis,
dissection of para-aortic lymph nodes has survival benefits[11, 12]. In the past, para-aortic lymph node
metastasis is defined as distal metastasis (M1) in TNM staging, in Japan, when carrying out D2 radical
surgery and N1 and N2 lymph node dissection, routine dissection of para-aortic lymph nodes is also
performed[13, 14]. Furthermore, in some medical centers, para-aortic lymph node dissection is also used
as a routine surgical procedure to improve the prognosis of advanced gastric cancer[15, 16]. However, it is
often challenging to accurately determine the metastasis status of para-aortic lymph nodes. By contrast,
a set of effective prediction system has not been established. Thus, we can only perform retrospective
analysis to identify factors associated with metastasis, which results in bias in the selection of predictors
to some extent. In our follow-up patient population, the proportion of patients who undergo routine paraaortic lymph node dissection is not high, which limits the possibility of using a large sample size to
improve prediction sensitivity.
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In the last decade, we previously carried out a retrospective analysis of risk factors that may affect paraaortic lymph node metastasis and found that gender, tumor site, and gross appearance were independent
predictors. However, we did not carry out modeling and validation of the prediction system. Since then,
some patients have undergone para-aortic lymph node dissection. Recently, we used two sets of the
SPSS software and logistic regression and neural network to identify patients who fulfilled the inclusion
criteria, and the possible independent predictors of para-aortic lymph nodes (PAN) status were assessed.
Furthermore, we conducted a preliminary validation as relatively ideal statistical results will have clinical
application value. In this section, we will individually introduce the methods and results of the
aforementioned two parts.

Materials And Methods

Patients
A total of 308 patients were enrolled. In this group, PANs were dissected from the level of the celiac trunk
down to the root of the inferior mesenteric artery (station nos. 16a2 and 16b1). The inclusion criteria were
as follows: 1) patients with histologically confirmed gastric cancer, 2) those who underwent D2 plus paraaortic nodal dissection (PAND), 3) those with complete medical record, 4) patients of every period of
diagnosis and every surgeon are roughly equal, and 5) those who never received neoadjunctive therapies.
All patients were followed-up via mail or telephone interviews. The last follow-up was conducted in
December 2018. Clinical, surgical, and pathological findings and all follow-up data were collected and
recorded in the database.
The study protocol was approved by the ethics committee of The First Hospital of China Medical
University, and informed consent was obtained from all participants. All methods were performed in
accordance with the relevant guidelines and regulations.

Endpoints And Follow-up
Overall survival time was calculated from the date of surgery until the date of death or last follow-up
contact. Patient data were censored during the last follow-up when they were still alive. Follow-up
assessments were conducted every 6 months for the first 5 postoperative years and every 12 months
thereafter until death.

Statistical analysis
The clinicopathological parameters that could be identified pre- or intraoperatively as the indication for
PAND were compared between patients with and without PAN metastasis. Fisher’s exact test or X2 test
were used to assess the differences in the proportion of patients. To assess the association between
various factors and PAN metastasis, binary logistic regression analysis was carried out for variable
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selection. The Kaplan–Meier survival curves were used to estimate 5-year overall survival. For univariate
analyses, the prognostic factors of interest and the diagnostic period were covariates in the Cox
regression model. Multivariate analyses were conducted using the Cox proportional hazards regression
model to assess the risk factors associated with survival. Two-sided P values were calculated and
presented. Statistical analysis was performed using the SPSS software version 23.0 and the SPSS
Modeler version 18.0.

Result
The patients were aged 26–80 (median age: 59) years. Of the participants, 216 were men and 92 were
women. In our study, the proportion of patients with PAN metastasis was stratified with N stage. In N1
cases, approximately 10.8% (12/111) of patients presented with PAN metastasis. Meanwhile, in N2 and
N3 cases, PAN metastasis was observed in 29.7% (22/74) and 87.7% (71/81) of patients, respectively.
PAND was not carried out in N0 cases. Of the 255 patients, 16 presented with a tumor in the upper third,
25 in the middle third, and 160 in the lower third of the stomach. Total gastrectomy was performed in 77
patients (Table 1).
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Table 1
Characteristics of PAN + and PAN - population (n = 308)
Characteristics

PAN- (n = 203)

PAN+ (n = 105)

Age (years)
≤ 55
> 55

p Value
0.577

84 (41)
119 (59)

40 (38)
65 (62)

Sex (%)

0.006

Men

132 (65)

84 (80)

Women

71 (35)

21 (20)

Tumor size (%)
≤ 4 cm
> 4 cm
Site of tumour (%)
Upper stomach
Middle stomach

75 (37)
128 (63)
5 (2)
6 (3)

35 (33)
70 (67)
11 (11)
19 (18)

Lower stomach

131 (65)

29 (28)

2/3 stomach

48 (24)

28 (26)

Whole stomach

13 (6)

18 (17)

Pathological tumour stage (%)

0.531
< 0.001

0.003

T2

115 (57)

59 (56)

T3

81 (40)

32 (31)

T4

7 (3)

14 (13)

Pathological nodal stage (%)
N0
N1
N2
N3

42 (21)
99 (49)
52 (26)
10 (4)

0 (0)
12 (11)
22 (21)
71 (68)

< 0.001

Gross type (%)
Borrmann II
Borrmann III
Borrmann IV
Peritoneum metastasis (%)
Type of gastrectomy (%)

71 (35)
119 (59)
13 (6)
13 (6)

10 (10)
76 (72)
19 (18)
7 (7)

< 0.001
0.929
< 0.001

Total

22 (11)

55 (52)

Subtotal
Surgery
D2
D3
Palliative

181 (89)
89 (44)
89 (44)
25 (12)

50 (48)
52 (50)
24 (23)
29 (27)
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< 0.001

Characteristics

PAN- (n = 203)

PAN+ (n = 105)

p Value

Combined organ metastasis
Pancreas or spleen

14 (7)

23 (22)

< 0.001

Transverse colon

24 (12)

14 (13)

Multiple organs

16 (8)

12 (11)
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Univariable analyses
OR (95% CI)

Multivariable analyses
p

OR (95% CI)

Age (years)

p
0.651

≤55

1 (Ref)

1 (Ref)

>55

1.147 (0.708-1.859)

0.578

0.245 (0.315-1.343)

Gender

0.651
0.008

Women

1 (Ref)

1 (Ref)

Men

2.152 (1.231-3.761)

0.007

2.968 (1.337-6.589)

Tumor size

0.008
0.311

≤4cm

1 (Ref)

1 (Ref)

>4cm

1.172 (0.714-1.924)

0.531

1.350 (0.757-1.780)

Tumour site

0.311
0.142

Whole stomach

1 (Ref)

1 (Ref)

Upper stomach

1.439 (0.355-5.837)

0.610

1.582 (0.282-8.882)

0.602

Middle stomach

0.101 (0.032-0.312)

<0.001

0.081 (0.022-0.302)

<0.001

Lower stomach

0.265 (0.084-0.842)

0.024

0.369 (0.095-1.427)

0.148

2/3 stomach

0.629 (0.176-2.253)

0.477

0.502 (0.093-2.716)

0.424

Gross appearance

<0.001

Borrmann types II

1 (Ref)

1 (Ref)

Borrmann types III

4.534 (2.203-9.333)

<0.001

5.092 (2.042-12.696)

<0.001

Borrmann types IV

10.377 (3.944-27.304)

<0.001

20.857 (5.532-78.643)

<0.001

Tumour stage

0.242

T2

1 (Ref)

1 (Ref)

T3

0.770 (0.460-1.290)

0.321

1.316 (0.671-2.581)

0.424

T4

3.898 (1.493-10.182)

0.005

3.872 (1.038-14.451)

0.044

Organs involved

0.087

No

1 (Ref)

1 (Ref)

Pancreas or spleen

4.371 (2.102-9.088)
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<0.001

2.832 (1.100-7.293)

0.031

Transverse colon

1.552 (0.750-3.212)

0.236

0.963 (0.355-2.613)

0.941

Multiple organs

1.996 (0.889-4.482)

0.094

0.879 (0.293-2.639)

0.818

Peritoneum metastasis

0.616

No

1 (Ref)

1 (Ref)

Yes

1.004 (0.403-2.701)

0.929

0.709 (0.185-2.717)

0.616

Table 2: OR for histological metastasis of para-aortic lymph nodes (PAN)—univariable and multivariable
analysis (n = 308)

PAN metastasis was histologically found in 105 (34.1%) of 308 patients. The association between the
possible risk factors and PAN metastasis is shown in Table 2. After adjusting for other variables, male
sex, Borrmann types III and IV, T4 stage, and metastasis to the pancreas or spleen identified during
surgery were the significant risk factors of PAN metastasis (Table 2). The overall accuracy of the
multivariate logistic regression was 71.8% (Fig. 1), and the area under the ROC curve was 0.749 (Fig. 2).
In the neural network calculation steps in the figure, the left to right figures showed the patient data that
were entered. The data were divided into the training and validation groups (green frame), which
accounted for 67% and 33% of all data, respectively. The type of data was defined, and the variables (red
frame) for calculation were selected. Variables, such as sex, age, and tumor site, were included, and the
number of para-aortic lymph node metastases was set as the target variable. The calculation parameters
(pink frame) were set, and output calculation results (blue frame) were observed. From left to right,
detailed information about the overall efficacy rate (99%), prediction strength of various variables, overall
structural map of the neural network, and accuracy of the training and validation groups was presented in
Fig. 3.

Discussion
In our study, several factors were not uniformly distributed between the para-aortic lymph node
metastasis and non-metastasis groups. With regard to sex, the proportion of male participants with
metastasis was higher. In terms of middle and upper abdominal tumors and cumulative tumors in the
entire stomach, the proportion of patients with metastasis significantly increased. In patients with T4
stage or Borrmann type IV (i.e., invasion of the serosa), the proportion of patients with metastasis
increased. The appearance of metastases also indicated a higher N stage, larger surgery area, lower
degree of radical treatment, and higher proportion of organ metastasis.
In the multivariate regression analysis, factors such as male sex, Borrmann types III and IV, T4 stage, and
pancreatic or splenic metastases can be the factors associated with pre- and intraoperative treatment
decisions, which can be used for the independent prediction of para-aortic lymph node metastases.
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Experience as a result of caseload, surgical skill, and case selection are extremely important. Physicians
from different hospitals may have individual surgical habits and judgments about disease conditions. By
contrast, physicians from the same department usually have similar treatment ideas due to long-term
preoperative discussion, perioperative ward round, and interactions between the mentor and student. A
retrospective study conducted at a single center can prevent subjective differences between different
hospitals as much as possible. Even so, the selection bias in retrospective analysis cannot be prevented.
The patient’s condition, as determined using preoperative and intraoperative findings, and even financial
status are the factors affecting intraoperative treatment decisions.
In future studies, two perspectives should be used in prospective clinical studies: the clinicopathological
factors associated with para-aortic lymph node metastasis must be determined and the associated
specific lymph node sites should be identified. In addition, a study about whether the metastasis status of
specific lymph node sites should be included and whether there are sentinel lymph nodes for para-aortic
lymph nodes must be conducted. A previous article has shown that station No.7 was the only significant
indicator of PAN metastasis after adjusting for other variables. The diagnostic sensitivity and specificity
of station No.7 for PAN metastasis were high, which is clinically useful, and this may be a convenient
diagnostic indicator of PAN metastasis.
We focused on the principles of the surgeons and did not include N stage as a variable because it is
challenging to accurately determine N stage before and during surgery. We introduced the variable
peritoneal metastasis status and found that the accuracy significantly improved compared with before.
Improvements in accuracy are dependent on the operability of continuous variables, such as tumor size
and age, and do not require manual grouping such as that in the past. The predictors extracted from the
two software were different. However, the accuracy of the modeler was higher, and the operations were
simpler. The accuracy can still be improved. In the future, more data analysis methods could be
introduced, which include decision trees, C5.0, and other methods that are preliminarily used in medical
data analysis to better determine the optimal analytical method for different data types. In addition,
clinical experience must also be introduced to more effectively optimize the accuracy of model prediction
and generate more data for validation.
In conclusion, sex, Borrmann type, T stage, and combined organ metastasis were associated with PAN
metastasis. Neural networks can be a good predictive model.
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Figure 1
Overall accuracy calculated using multivariate logistic regression

Figure 2
Receiver operating characteristic curve calculated using multivariate logistic regression
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Figure 3
From left to right, the calculation steps of the neural networks were presented: the patient data were
entered, data were divided into the training and validation groups (green frame), the type of data was
defined, and variables were selected for calculation (red frame), calculation parameters (pink frame), and
output calculation results (blue frame).
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