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Background/Aims: Synchronous multiple gastric cancer (SMGC) accounts for approximately 
6% to 14% of gastric cancer (GC) cases. This study aimed to identify risk factors for SMGC.
Methods: A total of 14,603 patients diagnosed with GC were prospectively enrolled. Data includ-
ing age, sex, body mass index, smoking, alcohol consumption, family history, p53 expression, 
microsatellite instability, cancer classification, lymph node metastasis, and treatment were col-
lected. Risk factors were analyzed using logistic regression analysis between a single GC and 
SMGC.
Results: The incidence of SMGC was 4.04%, and that of early GC (EGC) and advanced GC 
(AGC) was 5.43% and 3.11%, respectively. Patients with SMGC were older (65.33 years vs 
61.75 years, p<0.001) and more likely to be male. Lymph node metastasis was found in 27% 
of patients with SMGC and 32% of patients with single GC. Multivariate analysis showed that 
SMGC was associated with sex (male odds ratio [OR], 1.669; 95% confidence interval [CI], 1.223 
to 2.278; p=0.001), age (≥65 years OR, 1.532; 95% CI, 1.169 to 2.008; p=0.002), and EGC (OR, 
1.929; 95% CI, 1.432 to 2.600; p<0.001). Survival rates were affected by Lauren classification, 
sex, tumor size, cancer type, distant metastasis, and venous invasion but were not related to the 
number of GCs. However, the survival rate of AGC with SMGC was very high.
Conclusions: SMGC had unique characteristics such as male sex, older age, and EGC, and the 
survival rate of AGC, in which the intestinal type was much more frequent, was very good (Trial 
registration number: NCT04973631). (Gut Liver 2024;18:231-244)
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INTRODUCTION

Although the mortality rate is decreasing, the incidence 
of gastric cancer (GC) is very high in Korea.1 Therefore, 

the government recommends performing esophagogastro-
duodenoscopy every 2 years as a screening test for adults 
over 40 years of age. Due to the national screening system 
and improvement in diagnostic ability in esophagogastro-
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duodenoscopy, it has become possible to diagnose cancer 
at an early stage, which has increased rapidly from 54.0% 
in 2003 to 2007, 63.5% in 2008 to 2012, and 81.0% in 2013 
to 2018 in one Korean report.2 The intestinal type is known 
to have a better prognosis than the diffuse type GC when 
classified according to the Lauren classification.3

Synchronous multiple GC (SMGC) is a disease in which 
two or more cancer lesions exist simultaneously and each 
lesion must exist as a separate lesion regardless of metas-
tasis. Previous studies have shown that the proportion of 
SMGCs in patients with GC accounts for approximately 
6% to 14% of GC cases.4,5 SMGC is also known to be asso-
ciated with advanced age, well-differentiated lesion, early 
stage, microsatellite instability (MSI), and p53 mutations.6-8 
The occurrence of SMGC might be associated with the 
tumor microenvironment (TME), which consists of cancer 
cells and various other components, including infiltrating 
immune cells, blood vessels, signaling molecules, and ex-
tracellular matrix proteins.9 TME is related to chronic in-
flammation and Helicobacter pylori infection of the gastric 
epithelium is a major risk factor for GC.10 H. pylori-associ-
ated gastritis could promote TME including destruction of 
tight junction protein.10 This is supported by the beneficial 
effects of H. pylori eradication in reducing the risk of pri-
mary GC incidence11,12 and prevention effect of metachro-
nous GC with a hazard ratio (HR) of 0.32 (95% confidence 
interval [CI], 0.15 to 0.66; p=0.002).13 Therefore, we hy-
pothesized that the risk factors and survival rates of SMGC 
are different from those of single GC. This study aimed to 
identify the characteristics of single and multiple GC and 
to determine the risk factors for SMGC and survival rate 
for GC and SMGC according to the Lauren classification.

MATERIALS AND METHODS

1. Study population
A total of 14,598 patients diagnosed with GC between 

May 2003 and February 2020 at the Seoul National Uni-
versity Bundang Hospital were analyzed. Data were pro-
spectively collected from surgical cohort and medical GC 
cohort of the Seoul National University Bundang Hospital 
from 2003. Clinical data warehouses and electronic medi-
cal records (EMRs) were also reviewed. Age, sex, primary 
cancer number, height, weight, body mass index (BMI), 
smoking, alcohol consumption, family history, p53, MSI, 
Epstein-Barr virus (EBV), cancer classification, distant 
metastasis, lymph node metastasis, lymphatic invasion, 
venous invasion, treatment, histology and tumor diam-
eter were acquired from medical and surgical cohort and 
EMRs. Age, height, weight and BMI were confirmed at 

the time of GC diagnosis, and the location, size, number 
and histology of GC were confirmed by the pathological 
results after surgery or endoscopy. Alcohol consumption, 
smoking, and family history of GC were assessed using 
questionnaire from the medical or surgical GC cohort and 
by EMR. Among patients with SMGC, those with residual 
cancer after endoscopic treatment and underwent surgery 
were excluded. Regular follow-up endoscopy was per-
formed after endoscopic treatment and surgery. Most pa-
tients were generally referred to local hospitals after more 
than 5 years of follow-up. The dates and causes of death of 
the enrolled patients were cross-reviewed with data from 
EMR and the National Statistical Office for verification. 
Random information that guaranteed patient anonymity 
was compiled and submitted by a third party to the Na-
tional Statistical Office, and received data related to patient 
death. This study was reviewed and approved by the In-
stitutional Review Board of the Seoul National University 
Bundang Hospital (IRB number: B-2006-618-004). This 
study was performed following the protocols approved by 
the ethics committee. According to IRB guidelines for un-
named surveys, written informed consent among patients 
were not required. 

2. Data variable
SMGC has been identified by diagnostic endoscopy and 

pathology of surgery and endoscopic treatment. Regular 
follow-up endoscopy was performed to check whether GC 
was developed or recurred at least 1 year after the endo-
scopic treatment and surgery to distinguish it from missing 
GC and recurrence. The age was divided into two groups 
based on the age of 65 as defined by the Welfare of Senior 
Citizens Act of Korea. The location was classified into three 
groups: upper, middle, and lower according to surgical 
pathological report format. BMI was divided into under-
weight (<18.5 kg/m2), normal (18.5 to <25 kg/m2), over-
weight (25 to <30 kg/m2) and obese (≥30 kg/m2) according 
to World Health Organization criteria. Histological clas-
sification was based on Lauren classification and histology 
was confirmed after surgery and endoscopic treatment. 
Single GC was classified as intestinal type, diffuse type, 
and others. The others included both indeterminate and 
mixed types. SMGC was classified into all intestinal types, 
all diffuse types, and others according to Lauren classifica-
tion of each cancer. The others were mixtures of intestinal 
and diffuse types. SMGC was classified into major and 
minor lesions according to tumor size. A major lesion was 
the lesion with the longest diameter or the deepest depth 
among the lesions that presents simultaneously. Otherwise, 
it was defined as a minor lesion. Early GC (EGC) and ad-
vanced GC (AGC) were classified according to pathologi-
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cal findings after endoscopic treatment and surgery well 
as imaging tests such as computed tomography excluding 
the metastasis, and EGC was defined as cancer invasion 
into the submucosal layer. However, if surgery could not be 
performed or surgery was refused, especially in old age or 
in the presence of other serious diseases, classification was 
based on computed tomography findings as well as endos-
copy. Actually, these cases were very few not affecting the 
results. The gross types of EGC and AGC were evaluated 
based on the pathological and endoscopic findings. EGC 
was classified into three types (I: polypoid type, II: super-
ficial type, and III: excavated type) according to the Paris 
classification and AGC was classified according to the Bor-
rmann classification.14 Tumor size was based on the patho-
logical findings. Lymphovascular invasion was diagnosed 
after confirming tumor emboli by staining the lymphatic 
vessels with D2-40 staining. EBV positive was diagnosed 
when tumor cells were stained blue by EBV RNA in situ 
hybridization. When staining of tumor cell nuclei regard-
ing p53 immunohistochemistry was more than 10%, it was 
determined as p53 positivity.

3. Statistical analysis
Statistical analysis was performed using SPSS software 

version 22.0 (IBM Corp., Armonk, NY, USA). Baseline 
characteristics and variables were analyzed using univari-
ate analysis by the chi-square test and logistics regression. 
Risk factors were evaluated using odds ratio (OR) and 
95% CI in multivariate analysis using logistics regression. 
Survival rates according to Lauren classification were com-
pared using the Kaplan-Meier survival analysis and each 
p-value was confirmed through the log-rank test and Cox 
proportional hazards regression. Cox proportional hazards 
regression was used to adjust for various variables related 
to survival, and multivariate analyses were performed to 
determine the HRs. A p-value of <0.05 was considered sta-
tistically significant.

RESULTS

1. Baseline characteristics of single GC and SMGC
A total of 14,603 patients were included, with 14,013 

patients with a single GC (95.96%) and 590 patients (4.04%) 
with SMGC. In average, patients with single GC were 
followed for 3.55 years and patients with SMGC were fol-
lowed for 3.69 years in our study. For those patients with 
endoscopic treatment, single GC were followed for 4.16 
years, and SMGC were followed for 5.02 years. For those 
patients with the surgery, single GC were followed for 
4.17 years, and SMGC for 3.81 years. Among the 14,603 

patients, 7,749 had EGC (53%) and 4,968 had AGC (34%), 
except for 1,872 (13%) without pathological data (Fig. 1).

Table 1 shows the baseline characteristics of the patients. 
Patients with SMGC were older than those with single GC 
(65.33 years vs 61.75 years, p<0.001). The number of elder-
ly patients (≥65 years) was 6,287 (44.9%) in the single GC 
group and 335 (56.8%) in the SMGC group; 9,267 (66.1%) 
patients in the single GC group and 451 (76.4%) patients 
in the SMGC group were males. A total of 518 (87.8%) 
patients with two cancer lesions were the most common in 
the SMGC group.

According to the Lauren classification, the intestinal 
type was 7,428 (59.9%) and the diffuse type was 4,605 
(37.1%) in a single GC. The other consisted of mixed type 
and the indeterminate type was 375 (3.0%) in a single GC. 
In the SMGC group, all lesions were intestinal type in 365 
(64.8%) patients and diffuse type in 77 (13.7%) patients.

In the EGC, there were 7,328 (60.4%) patients in single 
GC group and 421 (73.1%) patients in the SMGC group. 
Distant metastases were observed in 1,893 (14.6%) patients 
with a single GC and 15 (3%) patients with SMGC. Surgery 
was the most common treatment modality for patients 
with GC (61.6%) and SMGC (82.2%). In EGC group, dur-
ing the follow-up period, the endoscopic treatment rate in-
creased from 10% in 2003 to 30% recently, and the surgical 
treatment rate decreased from 80% to 60%. Overexpression 
of p53 was observed in 2,964 (34.9%) patients with a single 
GC and 160 (35.1%) patients with SMGC. EBV positivity 
was observed in 34 (12.3%) and MSI high in 67 (14.9%) of 
patients with SMGC.

Among patients with SMGC, the total number of le-

SMGC in AGC
(n=155, 3.11%)
SMGC in AGC
(n=155, 3.11%)

Single GC in EGC
(n=7,328, 94.57%)

Single GC in AGC
(n=4,813, 96.89%)

SMGC in EGC
(n=421, 5.43%)
SMGC in EGC
(n=421, 5.43%)

AGC
(n=4,968, 34%)

AGC
(n=4,968, 34%)

EGC
(n=7,749, 53%)

EGC
(n=7,749, 53%)

No data
(1,872, 13%)

No data
(1,872, 13%)

Fig. 1.Fig. 1. Cancer classification and distribution of single GC and SMGC. 
GC, gastric cancer; SMGC, synchronous multiple GC; EGC, early GC; 
AGC, advanced GC.
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sions was 1,270, of which 590 were major, and 680 were 
minor. The average size of the major lesion was 3.09 cm 
and that of the minor lesion was 1.58 cm in SMGC. The 
average size of a single GC was 3.6 cm. The lower third 
of the tumor location was most common in both major 
and minor lesions of SMGC. In single GC, intestinal type, 
lower third, and EGC were the most common.

2. Risk factors of SMGC
Univariate and multivariate analyses were performed 

using the logistic regression, and the results are summa-
rized in Table 2. In the univariate analysis, age, sex, BMI, 
tumor size, cancer classification, lymph node metastasis, 
distant metastasis, MSI, EBV, and smoking were associ-
ated with SMGC. Sex, age group, and cancer classification 
were risk factors according to multivariate analysis. Male 
patients with SMGC were more common than those with 
a single GC (OR, 1.669; 95% CI, 1.223 to 2.278; p=0.001). 
The incidence of SMGC was higher in the elderly (≥65 
years) (OR, 1.532; 95% CI, 1.169 to 2.008; p=0.002) and 
in the EGC (OR, 1.929; 95% CI, 1.432 to 2.600; p<0.001). 
However, BMI, tumor size, lymph node metastasis, distant 
metastases, MSI, EBV, and smoking were not significantly 
associated in the multivariate analysis.

3. Comparison of risk factors in EGC patients with 
single GC and SMGC
The total number of patients with EGC was 7,749, of 

which 7,328 had a single GC and 421 had SMGC. In the 
univariate analysis, sex, age, tumor size, lymphatic inva-
sion, MSI, and smoking were associated with SMGC. Ac-
cording to multivariate analysis, in patients with SMGC 
compared to patients with single GC, the patients were 
predominantly male (OR, 1.533; 95% CI, 1.169 to 2.011; 
p=0.002) and the elderly (≥65 years) was more common 
(OR, 2.038; 95% CI, 1.599 to 2.599; p<0.001). The inci-
dence of SMGC was lower in tumor size (>2.2 cm) (OR, 
0.350; 95% CI, 0.270 to 0.454; p<0.001), and lymphatic 
invasion was more common (OR, 1.600; 95% CI, 1.169 to 
2.190; p=0.003). MSI high patients were more common 
(OR, 1.520; 95% CI, 1.067 to 2.166; p=0.02).

4. Comparison of risk factors in AGC patients with 
single GC and SMGC
There were 4,968 patients with AGC (single GC, 4,813; 

SMGC, 155). Univariate analysis showed that sex, tumor 
size, distant metastasis, EBV, and smoking were associated 
with SMGC. According to multivariate analysis, there were 
significant associations with male sex (OR, 4.711; 95% CI, 
1.764 to 12.582; p=0.02), tumor size (>5 cm) (OR, 0.355; 
95% CI, 0.179 to 0.705; p=0.003), EBV infection (OR, 
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2.783; 95% CI, 1.136 to 6.821; p=0.025) and smoking (OR, 
0.468; 95% CI, 0.231 to 0.949; p=0.035). There was no sig-
nificant association between age, Borrmann classification, 
lymphatic invasion, venous invasion, p53, MSI, distant and 
lymph node metastasis, family history, and alcohol con-
sumption.

5. Survival analysis of patients according to the 
Lauren classification
According to the Lauren classification, single GCs were 

divided into intestinal and diffuse types, and SMGCs were 
classified as all intestinal, all diffuse, and immixture. An 
immixture is a combination of intestinal and diffuse types. 
As a result of plotting a Kaplan-Meier graph according to 
Lauren classification in GC, the survival rate of all intesti-
nal types was higher than that of all diffuse types (Fig. 2).

Cox proportional hazard regression analysis was per-
formed and the results are summarized in Table 3. Age, tu-
mor size, number of primary cancers, cancer type, lymph 
node metastasis, distant metastasis, lymphatic invasion, 
venous invasion, p53, MSI, family history, smoking, and 
alcohol assumption were risk factors in the univariate Cox 
proportional hazard regression analysis. After adjusting for 

variables identified by univariate analysis using Cox regres-
sion analysis, the risk of all diffuse types was higher than 
that of all intestinal types (adjusted HR, 1.460; p=0.002). 
Moreover, when even one intestinal type was included, 
there were no differences compared to the survival rate of 
all intestinal types (p=0.412).

6. Risk factor of patients according to the Lauren 
classification in EGC patients
Fig. 3 shows the result of plotting the Kaplan-Meier 

graph according to the number of cancers and Lauren clas-
sification in EGC. There were no differences in survival 
rates between the single GC and SMGC groups. There 
was no difference in survival rate according to the Lauren 
classification. Multivariate analysis was performed using 
Cox regression to specifically identify factors that affect the 
survival rate according to the Lauren classification. The 
same variables as those of patients with GC were used for 
the Cox regression analysis. Age, tumor size, lymph node 
metastasis, lymphatic invasion, and MSI were risk factors 
in the univariate analysis. After correcting for the variables 
identified by univariate analysis using Cox regression anal-
ysis, as in patients with GC, the risk of all diffuse types was 
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higher than that of all intestinal types (adjusted HR, 1.762; 
p=0.043). Moreover, when even one intestinal type was in-
cluded, there were no differences compared to the survival 
rate of all intestinal types (p=0.519) (Table 3). In the Cox 
regression, the univariate variable did not show a signifi-
cant p-value of 0.05 or more as shown in the Kaplan-Meier 
graph, but a difference occurred when other variables were 
adjusted.

7. Risk factor of patients according to the Lauren 
classification in AGC patients
Fig. 3 is the result of plotting the Kaplan-Meier graph 

according to number of cancer and Lauren classification 
in AGC. There were differences in survival rates between 
single GC and SMGC, and survival rates according to the 
Lauren classification. As a result of correcting for variables 
identified through univariate analysis using Cox regression 
analysis, as in patients with GC, the risk of all diffuse types 
was higher than that of all intestinal types (adjusted HR, 
1.388; p=0.016). And when even one intestinal type was 
included, there was no difference compared with survival 
rate of all intestinal types (p=0.323) (Table 3).

DISCUSSION

Our study showed that 4.04% of the patients had SMGC 
(EGC, 5.43% and AGC, 3.11%), and the patients with 
SMGC were older and more likely to be male. Multivari-
ate analysis showed that SMGC was associated with sex 
(male OR, 1.669), age (≥65 years OR, 1.532), and EGC (OR, 
1.929). Survival rates were affected by Lauren classification, 
sex, tumor size, cancer type, distant metastasis, and venous 
invasion but were not related to the number of GCs. How-
ever, the survival rate of AGC with SMGC was high.

Previous studies have shown that the proportion of 
SMGC in patients with GC accounts for approximately 
6% to 14% of GC cases,4,5,7,15 and in the present study, the 
incidence of SMGC was about 4.04%. The reason for the 
difference in the SMGC ratio was that most of the existing 
studies focused on EGC in which the rate of SMGC was 
higher than that of AGC, and were included only those 
that were curative status, or only cases that treated by en-
doscopic treatment or surgery. However, in our study, all 
data were included regardless of the treatment method and 
GC progression.16-18 In the present study, when the rate of 
SMGC of EGC was calculated, the incidence rate of SMGC 
was 5.43%, similar to that of the previous study.6,7,17

Risk factors for SMGC are known to be associated with 
the elderly, males, early T stage, differentiated type tumor, 
p53 mutations, and MSI.6-8,17,19,20 Our multivariate analysis 
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also showed that older age (≥65 years), males, and EGC 
were associated with SMGC, similar to previous studies. 
These associations appear to be related to TME, which 
causes the intestinal type GC at multifocal sites where atro-
phy and intestinal metaplasia occur.21

In general, tumor multiplicity is related to genetic fac-
tors.19 However, the p53 mutation was not relevant and 
the MSI lost its significance in multivariate analysis. This 
difference might be due to the higher incidence of GC in 
Korea than in the West,22 meaning that environmental fac-
tors were also related. Furthermore, the incidence of MSI 
in GC varies between East and West.23 Therefore it might 
have influenced the association with the incidence of mul-
tiple GCs in our study with Koreans.

EBV infection-associated GC (EBVaGC) is more com-
mon in young people and males and is located in the 
upper part of the stomach. According to Lauren classi-
fication, diffuse GC was more common in EBVaGC.24,25 
Although EBVaGC rarely has lymphatic metastasis, it is 
often diagnosed at an advanced stage.26 In this study, when 
multivariate analysis was performed by dividing only AGC 
cases, EBV infection was associated with the risk of SMGC, 
which is believed to be attributable to the characteristics of 

EBVaGC.
The gross classification of EGC and AGC was not as-

sociated with the risk of multiple GC. In the overall data, 
tumor size was not associated with the risk of SMGC, but 
tumor size was associated when EGC and AGC were clas-
sified separately. Family history, smoking, and alcohol 
consumption were factors that increased the risk of GC, 
but the association with multiple GC was not found. These 
results were similar to those of previous studies. There 
were some missing data in the case of not responding to 
drinking and smoking through the survey in our study, 
but drinking and smoking did not significantly affect the 
results. Furthermore, the gross classification of EGC and 
AGC was not associated with the risk of multiple GC.

In the case of endoscopic treatment, the location of the 
GC is not important, but in the case of surgery, it becomes 
an important factor in determining the treatment method 
(e.g., proximal gastrectomy, distal gastrectomy, total gas-
trectomy, pylorus-preserving gastrectomy). GC has been 
known to occur most frequently in the lower third,27 and 
when there were multiple lesions, the minor lesions tended 
to be located adjacent to the major lesions.6,18 In our study, 
the major and minor lesions were in the same third in 60% 
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of the cases and in 90% of the cases, the minor lesions were 
in the third adjacent to the major lesion. Therefore, when 
GC is detected, it is important to check the adjacent site 
during esophagogastroduodenoscopy because it is usually 
located in the adjacent area of multiple GC, which could 
prevent further treatment. However, it could occur with a 
low probability, even in a remote location; therefore, cau-
tion is required.

A previous study reported that the survival rates of 
single GC and SMGC were similar.21 However, there was a 
difference in survival rates in this study. To determine the 
cause of the difference in survival rate, the survival rate was 
confirmed by dividing EGC and AGC and a survival rate 
graph was drawn according to the Lauren classification 
(immixture is a case in which intestinal and diffuse types 
are mixed in SMGC) This difference was believed to be the 
result of the integration of the results of the cancer classi-
fication (EGC and AGC) and Lauren classification. When 
survival rates were analyzed in the EGC and AGC groups, 
there were no differences between single GC and SMGC in 
EGC (p=0.691); however, a significant difference remained 
in AGC (p=0.001) (Fig. 3). Considering the factors affect-
ing the survival rate according to the Lauren classification, 
the number of GC was not related to the survival rate, 
and the distribution of GC according to the Lauren clas-
sification was important. In multiple GCs, all diffuse types 
were at the highest risk, and there were no differences in 
survival rate compared with all intestinal types if there was 
at least one intestinal type. A comprehensive analysis of 
SMGC, including the tissue type of GC in each AGC/EGC 
regarding survival rate, has not been reported in a large 
cohort.

Our study had several limitations. First, although our 
study had a larger sample size than other studies, it was 
conducted at a single institution. Second, our study was 
a prospective observational cohort study, which prospec-
tively collected data from the surgical cohort and the 
medical cohort, but all data were not filled up consistently. 
Therefore, there was a limitation that p53, EBV, atrophic 
gastritis, intestinal metaplasia, H. pylori and its eradication 
treatment which are related with GC,28 were not performed 
consistently.29,30 Although the data are not clean in compar-
ison to complete prospective design, we tried to minimize 
selection bias during the very long period. In addition, 13% 
of cases lacked pathological dates mainly because surgery 
could not be performed or surgery was refused, especially 
in the old age or in the presence of other serious diseases. 
Despite these limitations, our study had three strengths. 
First, the sample size was relatively large. Second, all GCs, 
including AGC and EGC, were analyzed. Third, in a previ-
ous study, only the prognoses of a single GC and multiple 

GCs were compared. In contrast, our study provided new 
information by comparing the prognosis according to his-
tology using the Lauren classification.

In conclusion, SMGC had unique characteristics such 
as male sex, older age, and EGC, and the survival rate was 
very good in cases of AGC in which the intestinal type was 
much more frequent.
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