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Article Info Background/Aims: Synchronous multiple gastric cancer (SMGC) accounts for approximately
Received November 17, 2022 6% to 14% of gastric cancer (GC) cases. This study aimed to identify risk factors for SMGC.
Revised February 2, 2023 Methods: A total of 14,603 patients diagnosed with GC were prospectively enrolled. Data includ-

Accepted February 20, 2023

ing age, sex, body mass index, smoking, alcohol consumption, family history, p53 expression,
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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
Corresponding Author SMGC.

gg;;":ﬁ":;orddo 00000000.9307.0405 RESUIES: The incidence of SMGC was 4.04%, and that of early GC (EGC) and advanced GC

E-mail nak?m.49@s.nfac.kr (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 [Cl], 1.223
t0 2.278; p=0.001), age (265 years OR, 1.532; 95% Cl, 1.169 to 2.008; p=0.002), and EGC (OR,
1.929; 95% Cl, 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 the government recommends performing esophagogastro-

duodenoscopy every 2 years as a screening test for adults
Although the mortality rate is decreasing, the incidence over 40 years of age. Due to the national screening system
of gastric cancer (GC) is very high in Korea.' Therefore, 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.” The intestinal type is known
to have a better prognosis than the diffuse type GC when
classified according to the Lauren classification.’
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
SMGC:s in patients with GC accounts for approximately
6% to 14% of GC cases.”” SMGC is also known to be asso-
ciated with advanced age, well-differentiated lesion, early
stage, microsatellite instability (MSI), and p53 mutations.”®
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.” TME is related to chronic in-
flammation and Helicobacter pylori infection of the gastric
epithelium is a major risk factor for GC." H. pylori-associ-
ated gastritis could promote TME including destruction of
tight junction protein." This is supported by the beneficial
effects of H. pylori eradication in reducing the risk of pri-
mary GC incidence'""” 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)." 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
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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/m?), normal (18.5 to <25 kg/m®), over-
weight (25 to <30 kg/m®) and obese (>30 kg/m®) 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.' 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=A749),53%)

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

Fig. 1. Cancer classification and distribution of single GC and SMGC.
GC, gastric cancer; SMGC, synchronous multiple GC; EGC, early GC;
AGC, advanced GC.

https://doi.org/10.5009/gnl220491 233



¢y l 144 8 90¢€'C Elep ON

(G'99) €01 (8'89) £20'€ (L) Ly (8'6)9LL (0'42) LSL (0ze) evL'e Sap
(G°€€) 2§ ([@'1e) vLE'L (8'88) €4€ (2'06) 06G'9 (0°€L) gy (0°89) 796'L oN sisejse}aw apou ydwiAy
vl L8l eiep oN
(6'92) GGL (9°6€) €18 29V
(L'eL) Lzy (7°09) 8¢€'L 293 uo1eDYISSe)D J3dUR)
6 185 y LSl Lz G09'L elep oN
(0°LE) 7S (6') £0Z (L'9L) L9 (€2) 891 (G'12) Lzl (0°€) GLE siayi0
(0€L) 6L (008 zLL'e (6°€L) 85 (L'82)950'C (LEL) LL (L°£€) G09'y asnyig
(0°08) €L (L'G%) L06'L (0°0L) 262 (0°69) L7867 (8'79) G9¢€ (6°68) 8ZY'L Jeunsajuj adfjy uaune
0v8 eiep oN
(0)0/(z’0) L ainu3
(L'79) 9€v/(2'29) L9 (G¥S) SLL'L Jamo
(L'€2) LSL/(€°02) 0ZL (792) eLv'e APPIN
(8CL) L8/(E°LL) 2Ol (C'61)G2S'e Jaddn uor}eo) Jown|
6 19€'L € 59 eiep oN
(Lo A
(7€) s (0°€L) 06y Al
(9°0L) €01 (¢'69)88€'C L)Y (G'1) z0L 11
(G'0Z) 0€ (2Y1) 68y (2'G6) 86€ (G76) 70€'9 I
(Gq)8 (G€)zzl (8°€) 9L (0'7) 892 [ U01}elISSe)D SS0.9
(G71-60) 887 (0'1Z-€0) 609 (2'6-20)G7'C 0Y1-10)9€C (G'6-0) 85'L/(S7L-2'0) 60°€ (0'12-1°0)09°€ wo ‘(2bued) ueaws ‘azis sowin|
(Z0) L 8
€0z 9
(Z0) 1 g
(80) S Y
(£'0L) €9 g
(8'£8) 81§ 14 SUOIS?) JO "ON
(Z€) 6l 7zl ZuL'L aAI)EAIBSUO)
0zl (zoL)ger'l  Adessyrowayy
(GZL) VL (L'GL) L6L'C oidodsopuy
(Z'z8) a8y (9°19) 6£9'8 anneJadg Juswieal]
81°E¥0£°ET 9V EFY8TT ZL'EF0C 7T 02'€¥80%7Z 81°E¥0£'€T SV EF8EET LW/B ‘gSFURBW ‘|Ng
(2'€8) 621 (8'G9) L9L'E (6°€L) LLE (8'99) 868" (7'9L) LGY (1799) £92'6 Sl
(8'91) 92 (7€) 979'L (L'9Z)0LL (cee)oey'e (9°€2) 6EL (6°€€) 9Ly Slewa4 83
(0°1G) 6L (0°L%) 2922 (7'85) 97 LTy 6Tl'e (8'99) €€ (677Y) £82'9 1K 692
(0°6Y) 9L (0°€G) 1GG'C (9°L7) GLL (€L8) 661" (¢'€v) 65z (L°GS) 922'L 1K y9s
9G°11¥50°G9 LG'ELFG0°Z9 8L LL¥58Y9 Z6°LLF0EL9 LT LLFEE'GY y8'ZLFGLLY JA*gsFURBW BBy
(GGL=U) DONS  (€18%=u) 09 3)buIS (LZ7=U) 0ONS  (8Z€'L=U) 09 31buIS +(089=U] UoIsa) Joulw/(06G=u) Jolejy (€10'71=Y)

6 Jljs1IejoRIRYy)
(896'7=U) 09V U] (67L'£=U) 093 U] (065=U) DONS 09 31uUIS

Gut and Liver, Vol. 18, No. 2, March 2024

J9INS Yim pue 99 16UIS YIm sjuslied Jo SansLaldeIey) surjaseq °|, a1qe]

234 www.gutnliver.org



Song DH, et al: Synchronous Multiple Gastric Cancer

"9WI} dWIES dY} }e Juasaud suoisa) Huowe Jayawelp 3596U0) aU} Y3IM UOIS3) B S9}0Uap UOISa) Jole,

"snuIA Jleg-ureysd3 ‘Ag3 A

-11ge3S 9)N31es0IdIW ‘SSI *YBIY IS ‘H-ISIW ‘MO] ISIN “T-ISW *Ainigelsul sunjaiesoudiul ‘S| xapul ssew Apog ‘|Ng 109 paduepe 09y ‘09 Alies ‘393 09 a1dinu SNouolydUAS *OgINS 1adued dLiseb ‘g9
"3SIMJBY]0 Pa)eDIpul SS31UN (%) Jaquunu se pajuassald ale eyeq

0L 6122 202 607'e 082 0989 ejep oN
(1'95) 97 (827 LLL'L (z05)0L1 (L'6Y)876'L (9°08) £G1 (8'G7) LL2'e  1sed gjuaLng
(6°GY) 6€ (¢'L8)€87'L (8'6%) 601 (€0S) 126'L (7°6Y) €51 (¢'5) 9L8'E JanaN JauLg
z 68y A 96L 62 L66'L elep oN
(5'65) 16 (7°9%) 1£0'Z (7'€5) 21T (7'LY) G60'E (€'G5) 0LE (¢'97) 466G sed % uaung
(50%) 29 (9°€5) £7€'Z (9°9%) 581 (9°28) LET'E (LY%) 152 (8'€5) 59%'9 Jam9N Jaows
€6 orz'e L2 958"y 08¢ 1£8'6 ejep oN
(LLL)LL (¢'el) 402 (9°€1) 02 (7'LL) 627 (891) L€ (0'91) 899 SoA
(£28) 1S (8'98) 09€'L (7'98) LZ1 (928 £70' (2'S8) 641 (0%8) 7l5'c oN Kioys1y Aiweq
€8 591'e 912 18"y ele G6L'6 elep oN
(€GL) L1 (€L 121 [LL)€z (G'L) €8l (£21) 7€ (7L L1E aAISOd
(L98) 19 (L'26) L2S'L (8'88) 281 (5'26) 1LT'T (L'L8) €T (9°26) L06'E anneban Ag3
91 1zy'L m gelL'e L7l 982'9 ejep oN
(€Zl) Ll (60L) LLE (1'91) 05 (5°8) 95¢ (691) L9 (5'6) LEL H-ISI
(8'.8) 2zl (1°68) 120'€ (6°€8) 092 (5'16) 6€8'E (1'S8) Z8€ (5'06) 966'9 T-ISW/SSW ISW
Ge £76'L c8 89L'L el 825G elep oN
(£'8¢) 97 (€'L8) 1L0'L (6€€) ¥LL (9°€€) 698'L (1'G€) 091 (67€) 796 sop
(L'19) VL (L'29) 66L'L (1'99) zz2 (7°99) 169'€ (679) 962 (1'69) 1Z5'S oN ggd
6 1ze'L v 209 Iz 89.'€ elep o
(L'92) 6€ (£92)8L6 s (80) 1S (8L (5°6) LL6 E
(€'€L) LOL (L€L) 7LS'T (8'86) ZLY (2°66) 5£9'9 (2'26) 61G (508 7LZ'6 oN UOISBAUI SNOUBA
6 8lE'l y 0LS [z 9zL'e e1ep oN
(6'69) 201 (0°0L) L¥7'C (£91)89 (LLL) 25 (2'0€) 041 (€'1€) 6LZ'E sop
(1°08) 77 (0°0€) 8v0°L (L'€8) 67€ (6°88) 900'9 (8'69) €6€ (£'89) 890'L oN uoiseAul aneyduwi]
4 5l ! 91 €l 890'L e1ep oN
€Ll (9°12) L£O'L (z0) L (€0) 12 (0I5l (9°91) £68'L SsoA
(8'26) 2yl (7'8L) L9L'E (8'66) 617 (L°66) 167'L (7'L6) 295 (7'G8) Z50°LL oN sisejsejlaW Jueysiq
(SSL=U) Q9NS  [(E18'7=Y)0931BUIS  (LZy=U) JOWS ‘£=u) 99 9\buIS +(089=U) uoIS3] JouIw/(geG=u) Jofely €10°71=U) S
(896'7=U) 09V U] (67L'£=Y) 093 U] (065=U) DOWS 99 91buis o

panunuog | siqey

https://doi.org/10.5009/gnl220491 235



Gut and Liver, Vol. 18, No. 2, March 2024

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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Table 2. Univariate and Multivariate Analysis for Patients by Logistic Regression

Multivariate analysis for single GC and SMGC in AGC

Multivariate analysis for single GC and SMGC in EGC

Multivariate analysis for single GC and SMGC

Multivariate analysis Uiiiivariie Multivariate analysis Uliiivarisie Multivariate analysis

Univariate

Factor

OR (95% Cl) p-value

p-value

OR (95% Cl) p-value

p-value

OR (95% CI) p-value

p-value

Age

Reference
2.038 (1.599-2.599)

Reference

1.532 (1.169-2.008)

<bbyr

0.361

<0.001

<0.001

0.002

<0.001

265 yr

Sex

Reference
4.711 (1.764-12.582)

Reference
1.533 (1.169-2.011)

Reference
1.669 (1.223-2.278)

Female

Male
Body mass index, kg/m’

0.02

<0.001

0.002

0.003

0.001

<0.001

Reference
1.144(0.521-2.511)

<18.5 (underweight)
18.5 to <25 [normal)

0.737
0.725
0.441

0.002
<0.001

1.155 (0.518-2.578)
0.629 (0.193-2.045)

25 to <30 (overweight)

>30 (obesity)

Tumor size*

0.004

Reference
0.355(0.179-0.705)

Reference
0.350 (0.270-0.454)

<3 cm/<2.2 cm/<5 cm

0.003

<0.001

<0.001

<0.001

0.134

0.780 (0.563-1.080)

0.002

>3 cm/>2.2 cm/>5 cm
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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
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20 40 60 80 100

Follow-up (mo)

Fig. 2. Survival rate of gastric cancer (GC) and synchronous multiple
GC (SMGC). (A) Survival rate of single GC and SMGC. (B) Survival rate
of GC according to Lauren classification. (C) Survival rate of SMGC ac-
cording to Lauren classification.

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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p-value

Multivariate

In AGC patients
aHR (95% Cl)

Univariate
p-value

p-value

Multivariate

In EGC patients
aHR (95% Cl)

Univariate
p-value

p-value

Multivariate

In GC patients
aHR (95% Cl)

Univariate
p-value

Factor

Table 3. Continued
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Family history

Reference
0.773(0.537-1.113)

Reference
0.774 (0.549-1.092)

No

0.166

0.018

0.979

0.145

0.001

Yes
Smoking

Reference
0.974(0.723-1.311)

Reference
0.951(0.738-1.225)

No

0.860

<0.001

0.088

0.968

<0.001

Yes
Alcohol

Reference
0.921(0.707-1.200)

GC, gastric cancer; EGC, early GC; AGC, advanced GC; aHR, adjusted hazard ratio; Cl, confidence interval; EBV, Epstein-Barr virus; MSI, microsatellite instability; MSI-L, MSI low; MSI-H, MSI high; MSS,

microsatellite stability.

Reference
0.951(0.738-1.225)

No

0.543

<0.001

0.857

0.696

<0.001

Yes

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,"””" 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.'*"* 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.*”"’

Risk factors for SMGC are known to be associated with
the elderly, males, early T stage, differentiated type tumor,
p53 mutations, and MSL"*""** Qur multivariate analysis
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Fig. 3. Survival rate of early gas-
tric cancer (GC) and advanced GC.
(A) Survival rate of single GC and
synchronous multiple GC (SMGC])
in early GC. (B) Survival rate of GC
according to Lauren classification in
early GC. (C) Survival rate of single
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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.”

In general, tumor multiplicity is related to genetic fac-
tors.”” 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,”” meaning that environmental fac-
tors were also related. Furthermore, the incidence of MSI
in GC varies between East and West.” 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.**
Although EBVaGC rarely has lymphatic metastasis, it is
often diagnosed at an advanced stage.” 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

GC and SMGC in advanced GC. (D)
Survival rate of GC according to Lau-
ren classification in advanced GC.

20 40 60 80 100
Follow-up (mo)

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,” and
when there were multiple lesions, the minor lesions tended
to be located adjacent to the major lesions.*"® 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.”' 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,” were not performed
consistently.””" 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
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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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