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Abstract
Objective

This study analyzed the characteristics of early gastric cancer lymph node metastasis and survival
prognosis after surgical resection in western population, and established a predictive model.

Methods

Patients with stage T1a and T1b gastric cancer from 2010 to 2015 were screened from the surveillance,
epidemiology and final outcome databases. Patients with multiple in situ tumors, distant metastases,
and incomplete data were excluded. The risk factors for lymph node metastasis in early gastric cancer
were analyzed by binary logistic regression and the chi-square test. Multivariate Cox analysis and the
Kaplan-Meier test were used to evaluate the prognostic factors and survival rates of patients with early
gastric cancer after surgical resection. The prediction model of lymph node metastasis and survival rate
of early gastric cancer was established and verified by R software.

Results

In 2294 patients, the lymph node metastasis rate was 14.5% (333/2294). Binary logistic multivariate
regression analysis showed that tumor size (>2cm), tumor grade (lll/1V), and stage T1b were risk factors
for lymph node metastasis of early gastric cancer. Area under the curve (AUC) is 0.782.A predictive model
was developed based on risk factors, and the model C index was 0.771, indicating that the model has
good predictive ability. In addition, survival analysis of 2294 patients showed that the 5-year OS and CSS
(75.4% and 88.7%) in patients without EGC were significantly higher than those with lymph node
metastasis (64.3% and 72.8%) (P<0.05). Multivariate COX analysis showed that age, sex, race, tumor size,
submucosal invasion and lymph node metastasis were independent factors influencing the prognosis of
early gastric cancer. A cancer-specific survival (CSS) prediction model was constructed based on
prognostic risk factors. The 3-year area under the CSS curve (AUC) was 0.706, and the 5-year area under
the CSS curve (AUC) was 0.710. The prediction model is more consistent with the actual situation.

Conclusions

We established a reliable prediction model for lymph node metastasis of early gastric cancer and a
prognostic model for early gastric cancer, which provided a good basis for clinical treatment decision.

Introduction

Gastric cancer is one of the most common malignant tumors, ranking fifth in morbidity and third in
mortality worldwide[1, 2]. Early gastric cancer is defined as lesions confined to the mucosa and/or
submucosa, regardless of size or lymph node metastasis[3]. Data show that the incidence of early gastric
cancer in Western countries is lower than in Asian countries[4, 5].
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The treatment of early gastric cancer is being gradually replaced by more minimally invasive methods
such as endoscopic mucosectomy and endoscopic submucosal dissection[6, 7]. Compared with surgical
gastrectomy, endoscopic treatment has the advantages of shorter operation time, less trauma, faster
recovery and fewer complications[8-10]. In western countries, endoscopic mucosectomy and endoscopic
submucosal dissection have been increasingly used in the treatment of stage T1 colorectal cancer, but
the treatment of early gastric cancer still mostly involves radical surgical resection[7, 11]. The main risk of
minimally invasive endoscopic treatment is lymph node metastasis, which seriously affects the
prognosis of patients, and lymph node dissection is required for patients with lymph node metastasis[12,
13]. The lymph node metastasis rate of early gastric cancer is rarely reported in western countries but is
14.4%-22%[7, 14]. Therefore, most patients with early gastric cancer in western populations do not have
lymph node metastasis, and surgery in these patients would lead to overtreatment. Methods to reduce
unnecessary radical surgery and to identify patients with early gastric cancer who are at high risk of
lymph node metastasis are worth exploring.

According to the guidelines of the Japanese Gastric Cancer Association (JGCA), well-differentiated,
nonulcerated intramucosal carcinoma with a diameter of less than 2 cm is the absolute indication for
endoscopic therapy, while ulcerated and undifferentiated submucosal carcinomas are the expanded
indications[15]. There is no clear standard for endoscopic therapy for patients with early gastric cancer in
western countries. In addition, there is insufficient evidence for the prognosis of survival in patients with
early gastric cancer after surgical resection in the western population. It is feasible to explore the risk
factors and survival prognosis of lymph node metastasis of early gastric cancer by analyzing the
relationships between the clinical features of patients with early gastric cancer after surgical resection
and the risk and survival rates of lymph node metastasis. Therefore, a large national registration
database (surveillance, epidemiology and end results [SEER] database) and data on the surgical removal
of the specimen and the survival prognosis were used to explore risk factors of early gastric cancer lymph
node metastasis and prognosis of survival to establish effective treatment strategies for western
populations with early gastric cancer.

Methods

The data comes from the SEER database of the National Cancer Institute, which covers basic information
for approximately 28% of US cases. Because the information in this database is publicly used, we have
authorized the database (account number: 12846-Nov2019), so the patient's informed consent is not
required.This research has passed the ethical review of the research institution and provided proof. From
the database, we mainly collected relevant information, including general characteristics, clinical tumor
characteristics, pathological characteristics, treatment methods, survival and prognosis. Inclusion criteria:
1. Postoperative diagnosis of early gastric cancer (T1a and T1b); 2. Complete survival information.
Exclusion criteria: 1. Suffered from multiple tumors in situ; 2. Distant metastasis; 3. Incomplete tumor
staging; 4. Incomplete information.
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Tumor site, grade, and histology were coded according to the International Classification of Diseases for
Oncology, version 3. Tumor stage was coded according to the AJCC tumor—node—metastasis staging

system, 71" edition[16].

Gastric cancer patients were diagnosed from 2010 to 2015. Ages were divided into <50 years old, 50-60
years old, 60-70 years old, 70-80 years old, and > 80 years old. Race was divided into white, black, and
other (American Indian/AK Native, Asian/Pacific Islander). Tumor size was divided into <2 cm, 2-5 cm, >5
cm and unknown. Tumor grade was divided into Grade |, Grade I, Grade Ill, Grade IV and unknown. Tissue
classification included adenocarcinoma, signet ring cell carcinoma and others. The depth of tumor
invasion included T1a and T1b. The location of the primary tumor was divided into cardia, fundus,
gastric body, antrum, pylorus, lesser curvature, greater curvature, and overlapping/NOS.

In this study, the incidence of lymph node metastasis, risk factors, overall survival rate (0OS) and tumor-
specific survival rate (CSS) of early gastric cancer were mainly observed,and construct the prediction
model.

Statistical analysis

For descriptive statistics, the chi-square test or Fisher's exact probability method were used to compare
categorical variables. Binary logistic regression was used to analyze the risk factors for lymph node
metastasis of early gastric cancer. The results are represented by odds ratios (ORs) and 95% confidence
intervals (Cls). Meanwhile, a forest map was plotted using GraphPad Prism 2019b. For survival analysis,
the multivariate Cox test was used to analyze OS and CSS, and the results are presented as odds ratios
(ORs) and 95% confidence intervals (Cls).

Kaplan-Meier curves were used to calculate 3- and 5-year OS and CSS rates, and the log-rank test was
used to identify significant differences across groups. The follow-up times for all the analyses were from
the date of diagnosis until the date of death, last contact, or the end of the study period. If the patient was
alive, the patient was censored at the date of last contact. To evaluate CSS, patients who died due to
colorectal cancer were identified using the cause of death specified on the death certificate. Patients who
died from causes unrelated to their colorectal cancer diagnosis were censored at their date of death.The
prediction model of lymph node metastasis and CSS was established and verified by R software.

Statistical analyses were performed using IBM SPSS software for Windows, version 23.0 (IBM
Corporation, Armonk, NY, USA). A P value of < 0.05 was considered statistically significant.

Results

Single-factor analysis of lymph node metastasis in EGC patients

According to our inclusion and exclusion criteria, 2,294 surgically resected patients were ultimately
included (Figure 1). Among them, there were 1,961 (85.5%) patients with negative lymph nodes and 333
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(14.5%) patients with positive lymph nodes. The total lymph node metastasis rate was 14.5%. Single
factor analysis showed that race, tumor size, tumor grade, tumor type, tumor site, and tumor infiltration
depth were associated with lymph node metastasis, and the results have statistical significance (P<0.05)
(Table 1).

Multivariate analysis of lymph node metastasis

To more accurately analyze the risk factors for lymph node metastasis in patients, we conducted binary
logistic regression analysis on factors P<0.1 (age, race, tumor size, tumor grade, tumor tissue type, tumor
site, and infiltration depth) and drew a forest map. The results showed that tumor size, grade and
infiltration depth were independent risk factors for lymph node metastasis in patients with early gastric
cancer (Figure 2). The lymph node metastasis rates of patients with tumor sizes of 2-5 cm (OR 1.766,
95% Cl 1.330-2.343, P<0.001) and >5 cm (OR 4.308, 95% Cl 2.738-6.779, P<0.001) were significantly
higher than that of patients with tumor size <2 cm. The lymph node metastasis rates of patients with
grade Il (OR 2.273,95% CI 1.295-3.991, P<0.05) and Ill/IV (OR 3.957,95% ClI 2.263-6.919, P<0.001) were
higher than that of patients with grade | early gastric cancer. The lymph node metastasis rate in patients
with stage T1b (OR 4.108, 95% Cl 2.994-5.637, P<0.001) was significantly higher than that in patients
with stage T1a (Table 2).

Construction and verification of Nomogram

A nomogram for predicting LNM was established based on the following three independent risk factors
(Figure 3): tumor size, tumor grade, and depth of invasion. The calibration curve shows that the
nomogram is well calibrated, with a C index of 0.771 (Figure 4). When predicting risk factors for LNM, the
area under the ROC curve was 0.782 (Figure 5). The establishment of nomogram is helpful to predict
LNM.

Survival analysis of patients with early gastric cancer

In patients with early gastric cancer, we conducted a multivariate Cox risk analysis on the OS and CSS of
the patients. The results found that lymph node metastasis is the most powerful risk factor for the
increase in mortality in patients with early gastric cancer. Patients with lymph node metastasis had poor
OS (OR 1.538,95% Cl 1.214-1.949, P<0.001) and CSS (OR 2.000, 95% CI 1.489-2.685, P<0.001). In
addition, age, race, sex, tumor size, and depth of tumor invasion were significantly associated with
survival. (Table 3).

Next, the presence or absence of lymph node metastasis and tumor infiltration depth were analyzed by
Kaplan-Meier test, and the 3- and 5-year OS and CSS were calculated. According to the results shown in
Figure 3B and Figure 4B, the 3- and 5-year OS rates of EGC patients without lymph node metastasis
(84.1% and 75.4%) were significantly higher than those with lymph node metastasis (72.0% and 64.3%)
(P<0.05). The 3- and 5-year OS rates of T1a patients (86.4% and 79.6%) were significantly higher than
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those of T1b patients (78.3% and 68.0%) (P<0.05). Similar results were observed for CSS rate (Figure 3A
and Figure 4A).

Construction and validation of CSS prognostic normogram

CSS prognostic prediction models were constructed based on risk factors affecting prognosis of early
gastric cancer and validated internally (Figure 8). The 3-year and 5-year CSS prognostic calibration curves
show that the prediction model is well calibrated, and the model is more consistent with the actual
situation (Figure 9).The area under 3-year and 5-year CSS prognostic ROX curves were 0.706 and 0.710,
respectively (Figure 10), indicating that prognostic risk factors for early gastric cancer can better reflect
the 3-year and 5-year prognostic survival of patients.

Discussion

The incidence of EGC in western countries is much lower than in Asian countries. In Asian countries, the
number of new cases of early gastric cancer accounts for approximately 50% of the total[17]. Asian
countries, especially Japan, have conducted a large number of studies on the treatment of EGC and
formulated relevant treatment standards. Endoscopic mucosectomy and endoscopic submucosal
dissection have been widely used in the treatment of EGC and have been established as the standard
methods of endoscopic resection of early upper gastrointestinal tumors in Japan[18]. Compared with
Asian countries, the progress of endoscopic treatment technology in western countries is relatively slow,
and the treatment of EGC is still based on radical surgical resection[19, 20]. Therefore, it is not clear
whether EGC is suitable for endoscopic therapy in western populations, especially for patients who are
candidates for endoscopic therapy. In addition, at present, the sensitivity and specificity of endoscopic
ultrasonography and CT and other imaging examinations for the determination of EGC lymph node
metastasis are not ideal[21, 22], and the preoperative prediction of lymph node metastasis is not reliable.
Analyzing the relationship between the clinicopathological features of EGC patients and lymph node
metastasis can be used as a supplementary means for the preoperative diagnosis of lymph node
metastasis to more clearly define the treatment of EGC patients.

Lymph node metastasis is a major factor in the endoscopic treatment and prognosis of EGC patients[23,
24]. In this study, we found that the lymph node metastasis rate of stage T1 gastric cancer after surgical
resection was 14.5% (333/2294). Studies from Asia have shown that the rate of lymph node metastasis
in EGC is 10-25.3%[12, 25], which is consistent with our findings. Patients less than 50 years old are more
likely to develop LNM than patients in other age groups. When the subgroups were stratified by tumor
location, the incidence of gastric pyloric tumor LNM was the highest. This phenomenon may be due to
the multiple sets of lymph nodes near the pylorus. The risk factors for lymph node metastasis in western
countries are similar to those in Asian countries. However, the ethnicities of Asian populations are
relatively homogeneous. In western populations, the lymph node metastasis rate and survival prognosis
are different between different races. The potential risk of lymph node metastasis in white EGC patients
is lower than those of blacks or American Indians and Asia-Pacific Islanders.
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The treatment of early gastric cancer includes endoscopic resection and radical surgery. For endoscopic
resection treatment, the American Gastroenterology Association (AGA) updated the clinical practice of
endoscopic submucosal dissection in 2019, indicating that absolute indications for EGC endoscopic
treatment include moderate and well-differentiated, ulcer-free mucosal lesions with a size <2 cm; the
expanded indications were moderate and well-differentiated superficial cancers, >2 cm, lesions <3 cm
that are ulcerative or containing early submucosal infiltration, and poorly differentiated <2 cm superficial
cancers[26]. From our results, it can be seen that when the tumor is a poorly differentiated or
undifferentiated submucosal tumor with a size >2 cm, the rate of lymph node metastasis will increase 2-4
times. Therefore, the expanded indications of endoscopic treatment in western countries should be
employed with caution.In this study, we developed and validated a predictive model for evaluating LNM in
EGC patients.With the help of the prediction model, we can accurately determine the high-risk patients
with EGC at LNM and choose the best surgical treatment.

This study analyzed the survival prognosis of 2294 patients. The results showed that EGC patients with
lymph node metastasis had the worst prognosis, which may be related to the likelihood of tumor
recurrence caused by lymph node metastasis. At the same time, advanced age, male size, large tumor
size and stage T1b result in the poor prognosis of EGC patients. It is worth noting that race also affects
the survival prognosis of EGC patients. Our results show that American Indians and Asian Pacific
Islanders have a better prognosis than black and white patients, with black patients having the worst
prognosis. The etiology of the difference in lymph node metastasis and survival outcome of EGC among
different races is still unclear. The inherent molecular and biological differences between different ethnic
groups may be the causes of the differences in survival among heterogeneous Western populations.

Studies in Asian countries have shown that the 5-year survival rate of EGC patients after effective
treatment can reach more than 90%[27-29]. In this study, the Kaplan-Meier method was used to analyze
the survival rate of EGC patients. The results showed that the 5-year tumor-specific survival rate of EGC
patients without lymph node metastasis was 88.7%, and the 5-year tumor-specific survival rate of EGC
patients with T1a was 91.4%. This is similar to the 5-year survival rate of the Asian population. In other
words, EGC patients without lymph node metastasis and T1a western populations can benefit from
endoscopic treatment.We have also developed and validated a prognostic model for cancer-specific
survival of patients with EGC. For patients with a high risk of poor prognosis, surgical resection and
lymph node dissection alone are not enough, and further adjuvant treatment may be needed.

This study has some limitations and advantages. The SEER database was used in this study, which does
not capture tumor ulcers, lymphatic infiltration, and other indicators that have been shown to be risk
factors for lymph node metastasis in EGC patients in Asian countries and should be taken into account
when deciding treatment for EGC patients[30, 31]. Moreover, the SEER database covers only 28% of the
U.S. population, with the possibility of sampling error. However, the SEER database is one of the largest
registries allowing comparative analysis of EGC, providing a large sample size to assess risk factors for
lymph node metastasis and survival outcomes in EGC patients by analyzing commonly used but often
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overlooked clinicopathological features.Finally, patients receiving adjuvant chemoradiotherapy were not
included in this study, so an analysis of this specific population may be required.

In summary, tumor size, tumor grade and tumor infiltration depth are risk factors for lymph node
metastasis of EGC.Endoscopic therapy for differentiated intramucosal tumors is an alternative
therapy.For patients with prognostic risk factors, surgical treatment and lymph node dissection alone are
not enough, and adjuvant therapy may be needed to improve survival rate.In this study, we established a
reliable prediction model for lymph node metastasis of early gastric cancer and a prognostic model for
early gastric cancer, providing a good basis for clinical treatment decision making.
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Table 1. Characteristics of study subjects and lymph node metastasis rate
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Variable

Age(years)
<50
50-60
60-70
70-80
>80
Race
White
Black
Others
Sex
Male
Female
Tumor size
<2cm
2-5cm
>5cm
unknown
Grade
Gradell
Grade ll
Grade lll/IV
unknown
Organization Type
Adenocarcinoma

Signet ring cell
carcinoma

others

Totalln%
2294

191(8.3%)
380(16.5%)

(

(

661(28.8%)

678(29.5%)
(

384(16.9%)

1441(62.8%)
279(12.1%)
574(25.1%)

1401(61.0%)
893(39.0%)

1011(44.0%)
767(33.4%)
125(5.4%)
391(17.2%)

351(15.3%)
755(32.9%)
916(39.9%)
272(11.9%)
1793(78.1%)
351(15.3%)

lymph node metastasis

N %N

NO(1961)

153(80.1%)
321(84.4%)
568(85.9%)
577(85.1%)
342(89.0%)

1257(87.2%)
224(80.2%)
480(83.6%)

1196(85.3%)
765(85.6%)

908(89.8%)
603(78.6%)
78(62.4%)

372(95.1%)

335(95.4%)
656(86.8%)
710(77.5%)
260(95.5%)

1553(86.6%)
288(82.0%)
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lymph node metastasis

An%N

YES(333)

38(19.9%)
59(15.6%)
93(14.1%)
101(14.9%)
42(11.0%)

184(12.8%)
55(19.8%)
94(16.4%)

205(14.7%)
128(14.4%)

103(10.2%)
164(21.4%)
47(37.6%)
19(4.9%)

16(4.6%)
99(13.2%)
206(22.5%)
12(4.5%)

240(13.6%)
63(18.0%)

value

0.063

0.004

0.843

0.000

0.000

0.012




Depth

T1a

T1b

Primary site
Cardia
Fundus
Body
Antrum
Pylorus
Lesser curve

Greater curve

Overlapping/NOS

150(6.6%)

1145(56.3%)
1149(43.7%)

706(30.8%)
55(2.4%)
251(10.9%)
666(29.1%)
64(2.7%)
216(9.4%)
89(3.9%)
247(10.8%)

120(82.0%)

1083(94.5%)
878(76.4%)

627(88.8%)
49(89.0%)
209(83.2%)
558(83.7%)
47(73.4%)
185(85.6%)
75(84.3%)
211(85.4%)

30(18.0%)

62(5.5%)
271(23.6%)

79(11.2%)
6(11.0%)
42(16.8%)
108(16.3%)
17(26.6%)
31(14.4%)
14(15.7%)
36(14.6%)

0.000

0.017

Table 2. Multivariate analysis of the risk of LNM in EGC
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Variable

Age(years)
<50
50-60
60-70
70-80
>80
Race
White
Black
Others
Tumor size
<2cm
2-5cm
>5cm
unkown
Grade
Grade |
Gradelll
Grade lll/IV
unknown
Depth
T1a
T1b
Organization Type

Adenocarcinoma

Signet ring cell carcinoma

others

Totallin% 2294K

191(8.3%)
380(16.5%

(

(

661(28.8%

678(29.5%
(

)
)
)
384(16.9%)

1441(62.8%)
279(12.1%)
574(25.1%)

1011(44.0%)
767(33.4%)
125(5.4%)
391(17.2%)

351(15.3%)
755(32.9%)
916(39.9%)
272(11.9%)

1145(56.3%)
1149(43.7%)

1793(78.1%)
351(15.3%)

150(6.6%)
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OR(95%CI)

2.191(1.280-3.751)
1.703(1.070-2.710)
1.478(0.971-2.251)
1.412(0.936-2.129)

1(Reference)

1(Reference)
1.518(1.039-2.218)
1.202(0.885-1.632)

1(Reference)

1.766(1.330-2.343)
4.308(2.738-6.779)
0.750(0.437-1.288)

1(Reference)

2.273(1.295-3.991)
3.957(2.263-6.919)
1.647(0.734-3.695)

1(Reference)

4.108(2.994-5.637)

1(Reference)

1.068(0.734-1.553)

1.047(0.643-1.703)

value
0.057
0.004
0.025
0.068
0.100

0.085

0.031
0.239
0.000

0.000
0.000
0.297
0.000

0.004

0.000

0.226

0.000

0.000
0.938

0.731

0.853




Primary site 0.383
Cardia 706(30.8%) 1(Reference)
Fundus 55(2.4%) 0.776(0.306-1.970)  0.5940.781
Body 251(10.9%) 1.067(0.678-1.678)  0.707
Antrum 666(29.1%) 1.072(0.746-1.540)  0.034
Pylorus 64(2.7%) 2.159(1.059-4.402)  0.412
Lesser curve 216(9.4%) 0.810(0.490-1.340) 0.596

Greater curve 89(3.9%) 0.832(0.420-1.646) 0.869

Overlapping/NOS 247(10.8%) 0.961(0.601-1.537)

Table 3. Analysis of influencing factors of overall survival rate and tumor-specific survival rate of early
gastric cancer

Page 14/31



Variable

Age(years)
<50
50-60
60-70
70-80
>80

Race
White
Black
Others

Sex
Male

Female

Tumor size
<2cm
2-5cm

>5cm

Grade
Grade |
Gradelll
Grade lll/IV

Depth
T1a

0S
OR(95%CI)

1(Reference)

1.344(0.757-2.385)
2.256(1.336-3.811)
2.792(1.660-4.696)

6.330(3.756-10.667)

1(Reference)
1.305(1.043-1.748)
0.586(0.459-0.749)

1(Reference)

0.633(0.519-0.772)

1(Reference)
1.345(1.082-1.673)
1.976(1.405-2.780)

1(Reference)
0.874(0.654-1.168)
1.005(0.754-1.338)

1(Reference)
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value

0.000

0.313

0.002

0.000

0.000

0.000

0.023
0.000

0.000

0.001

0.008
0.000

0.576

0.363
0.975

CSS
OR(95%CI)

1(Reference)

1.489(0.724-3.063)
2.318(1.193-4.506)
2.266(1.164-4.411)
4.388(2.231-8.629)

1(Reference)
1.241(0.872-1.767)
0.513(0.361-0.727)

1(Reference)

0.653(0.496-0.860)

1(Reference)
1.580(1.167-2.140)
2.216(1.408-3.488)

1(Reference)
0.840(0.548-1.287)
1.157(0.767-1.746)

1(Reference)

value

0.000

0.280

0.013

0.016

0.000

0.000

0.230
0.000

0.002

0.002

0.003
0.000

0.106

0.423
0.486




T1b 1.368(1.110-1.686) 0.003  1.693(1.252-2.291) 0.001

lymph node metastasis

NO 1(Reference) 1(Reference)
N1-3 1.538(1.214-1.949) 0.000 2.000(1.489-2.685) 0.000
Figures
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Multi-factor analysis forest diagram of lymph node metastasis in early gastric cancer
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A nomogram for predicting lymph node metastasis in patients with EGC
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Figure 3

A nomogram for predicting lymph node metastasis in patients with EGC
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Lymph node metastasis AUC=0.782
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ROC curve for predicting risk factors of lymph node metastasis in EGC (AUC=0.782)
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ROC curve for predicting risk factors of lymph node metastasis in EGC (AUC=0.782)
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Tumor-specific survival rate (A) and overall survival rate (B) for lymph node metastasis
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Tumor-specific survival rate (A) and overall survival rate (B) at the depth of tumor invasion
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A nomogram for predicting the CSS survival rate of patients with EGC
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Correction chart of survival prediction model for patients with EGC
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3-year Survival AUC= 0.706 5-year Survival AUC=0.71
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Figure 10

3-year and 5-year CSS survival rate ROC curve (After 1000 bootstraps, the 3-year survival rate AUC=0.706,
and the 5-year survival rate AUC=0.710)
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3-year and 5-year CSS survival rate ROC curve (After 1000 bootstraps, the 3-year survival rate AUC=0.706,
and the 5-year survival rate AUC=0.710)
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