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Abstract

Background Despite many advantages, the development

of synchronous or metachronous neoplasm is one of the

main concerns with endoscopic resection. We aimed to

clarify the independent risk factors for synchronous or

metachronous gastric neoplasm.

Methods We retrospectively reviewed the medical

records of all patients who had undergone endoscopic

resection for gastric high-grade dysplasia or early gastric

cancer between April 2001 and February 2011.

Results Among 971 subjects, 56 synchronous neoplasms

and 42 metachronous neoplasms developed during

12–131 months of follow-up. In univariate analysis, age

over 65 years, male gender, absence of Helicobacter pylori

infection, lower third location, mucosal atrophy, and

intestinal metaplasia were related to multiple gastric neo-

plasms. In multivariate analysis, absence of H. pylori

infection [odds ratio (OR) 1.610, 95 % confidence interval

(CI) 1.038–2.497)], lower third location (OR 1.704, 95 %

CI 1.070–2.713), and intestinal metaplasia (OR 4.461,

95 % CI 1.382–14.401) were independent risk factors for

multiple gastric neoplasms. For synchronous neoplasm,

primary tumor size less than 1 cm was the only

independent risk factor. For metachronous neoplasm,

absence of H. pylori infection (OR 2.416, 95 % CI

1.214–4.810) was found to be the only independent risk

factor. H. pylori eradication was found to be unrelated to

the development of metachronous gastric neoplasms.

Conclusions For tumors located in the antrum and

accompanied by intestinal metaplasia, meticulous endo-

scopic evaluation with close follow-up after endoscopic

resection is recommended.

Keywords Endoscopic resection � Precancerous

conditions and cancerous lesions � Gastrointestinal disease

Introduction

Endoscopic resection has been widely used as curative

treatment of gastric tumors, which preserves the stomach and

allows radical resection. Especially, endoscopic submucosal

dissection (ESD) allows en bloc resection with tumor-free

margins, even in cases with large and ulcerative lesions [1,

2]. According to previous reports, the complete en bloc

resection rate of ESD was over 80 %, which was signifi-

cantly higher than that of conventional endoscopic mucosal

resection [3]. Despite its convenience, there is a major con-

cern about the high rate of newly developed neoplasms after

endoscopic resection in the remaining gastric mucosa. In

previous studies, the incidence of synchronous or metach-

ronous gastric cancer after surgical resection was reported to

range from as high as 4.8–20.9 % [4–9] to as low as

1.8–2.4 % [10, 11]. In another study, the incidences of

synchronous and metachronous gastric cancer after endo-

scopic resection were 11 and 14 %, respectively [12].

There have been several studies suggesting possible

predictive factors for metachronous gastric cancer. In one
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study, metachronous gastric cancer tended to develop in the

same third of the stomach as the primary lesion with

similar macroscopic and differentiated type [12]. Another

two studies showed that atrophy in the background gastric

mucosa was associated with the development of metach-

ronous gastric cancer [13, 14]. In another study, undiffer-

entiated histologic appearance of the primary lesion was

related to the occurrence of synchronous or metachronous

gastric cancer [15]. Helicobacter pylori infection is also

considered to be a major risk factor for gastric cancer;

however, there are still many debates about whether this is

an independent risk factor for the development of

metachronous gastric cancer [16, 17]. However, all these

studies enrolled relatively small numbers of subjects and

had short follow-up periods. Also, as high-grade dysplasia

is considered as a premalignant lesion, it seems reasonable

to include these premalignant lesions to evaluate the risk of

synchronous or metachronous gastric neoplasms.

Therefore, this study was designed to clarify the inde-

pendent risk factors for synchronous or metachronous

gastric neoplasm development after endoscopic resection

of gastric high-grade dysplasia and early gastric cancer

(EGC) with a large number of subjects enrolled.

Materials and methods

Patients

A total of 1,889 patients had undergone ESD or endoscopic

mucosal resection for gastric neoplasms at Seoul National

University Hospital between April 2001 and February

2011. Endoscopic resection was performed for lesions with

the following criteria: any lesions of low-to-high grade

dysplasia regardless of size, or well-to-moderately differ-

entiated adenocarcinoma confined to mucosa less than

2 cm in diameter by endoscopic measurements without

evidence of lymph nodal/distant metastases on abdominal

computerized tomography/endoscopic ultrasonography.

Pre-ESD size measurement was performed macroscopi-

cally in comparison with fully open forceps. For the initial

diagnosis, two pieces of mucosa were biopsied. After

complete endoscopic resection for gastric neoplasms, fol-

low-up endoscopy was scheduled at the third, sixth, and

twelfth months and thereafter every year.

High-grade dysplasia was defined as an intraepithelial

neoplasia of category 4 in the revised Vienna classification

including epithelial dysplasia regardless of mucosal ele-

vation, and EGC was defined as an invasive carcinoma of

category 5 [18]. Undifferentiated histologic appearance

was defined as a tumor in which more than 50 % of the

tumor area contains poorly differentiated, signet ring cell,

poorly cohesive, or mucinous carcinoma.

The status of H. pylori infection was evaluated by using

the rapid urease test at the antrum and histologic exami-

nation at the antrum and body. Infection was considered to

be present if either of the tests gave a positive result.

Intestinal metaplasia or mucosal atrophy was considered to

be present if the histologic examination of the biopsy

sample taken from the antrum and body revealed mild or

higher-grade intestinal metaplasia or mucosal atrophy in

the Sydney classification.

This study was approved by the Institutional Review

Board of Seoul National University Hospital. Patient con-

sent was waived, given the retrospective nature of this

study.

Definition of synchronous and metachronous gastric

neoplasm

In this study, synchronous neoplasm was defined as a

newly developed high-grade dysplasia or adenocarcinoma

at another site in the stomach within 1 year after endo-

scopic resection for the primary lesion or a simultaneously

existing lesion. Metachronous neoplasm was defined as a

tumor which had developed more than 1 year after the

primary procedure.

Data analysis

All subjects were grouped into one of the following groups:

single neoplasm group, synchronous neoplasm group, and

metachronous neoplasm group. Patients with multiple

synchronous and/or metachronous tumors detected during

the follow-up periods were assigned as to their first new

lesions, and for these patients only the first new lesions

were investigated. For patients with multiple lesions

detected simultaneously, the most advanced lesion was

counted as the primary one.

To search for potential risk factors that influence the

development of multiple neoplastic lesions, the following

variables were analyzed; age (younger than 65 years, or

65 years or older), gender, H. pylori status, pathologic

diagnosis (high-grade dysplasia or EGC), tumor differen-

tiation (well-to-moderately differentiated or undifferenti-

ated), depth of tumor invasion (mucosa or submucosa),

lymphovascular invasion, tumor size (less than 1 cm, or

1 cm or larger), location (upper, middle, or lower third) of

the primary lesion, atrophy, and intestinal metaplasia in the

background gastric mucosa.

Statistical analysis

Categorical variables were analyzed with the chi square

test and Fisher’s exact test for univariate analysis. Those

variables with p\ 0.200 in the univariate analyses were
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examined in multivariate binary logistic regression models.

We considered p\ 0.050 to be significant. All p values are

presented uncorrected for multiple testing. All of the

analyses were performed with use of Statistical Package for

the Social Sciences, version 20.0 for Windows (SPSS,

Chicago, IL, USA).

Results

Among the 1,889 cases of endoscopic resections, 713

patients with low-grade dysplasia were excluded because

of its low malignant potential, and 135 patients were

excluded because of less than 1 year of follow-up. Seventy

patients were excluded because of additional gastrectomy

for noncurative ESD. Therefore, a total of 971 subjects,

including 184 patients with high-grade dysplasia and 787

patients with EGC, were reviewed retrospectively (Fig. 1).

Among a total of 971 subjects, 873 had single neoplasms

and 98 had multiple neoplasms (56 synchronous lesions

and 42 metachronous lesions). Among the 56 synchronous

neoplasms, 33 were detected simultaneously with the pri-

mary lesions. The cumulative incidence of metachonous

neoplasm was 1.4 per 100 person-years.

Baseline characteristics

Overall, the mean age was 63 years and the proportion of

males was 74 % (Table 1). The rate of H. pylori infection

was 55 %. More than 80 % of the primary lesions were

adenocarcinomas. The mean diameter of the primary lesions

was 1.9 cm. Most of the lesions were located in the lower

third of the stomach, with a rate of 61 %, whereas in the

middle third and upper third the rates were 30 and 9 %,

respectively. Atrophic gastritis was found in 70 % of patients

and intestinal metaplasia was found in 88 % of patients.

Undifferentiated histologic appearance, submucosal inva-

sion, and lymphovascular invasion were detected in 9.6, 8.8

and 1.8 % of patients, respectively. The mean follow-up

duration was 37.1 ± 19.3 months (range 12–131 months).

Among the three groups, the mean age was significantly

higher in the synchronous and metachronous neoplasm

groups (p = 0.019). However, H. pylori infection was less

common in the synchronous and metachronous neoplasm

groups than in the single neoplasm group (p = 0.011).

Intestinal metaplasia was more prevalent among the mul-

tiple neoplasm groups (p = 0.018).

Risk factors for multiple gastric neoplasms

Univariate analysis for multiple neoplasms showed that age

over 65 years, male gender, H. pylori infection, lower third

location, gastric atrophy, and intestinal metaplasia were

related to multiple gastric neoplasms (Table 2). Among

these factors, H. pylori infection exhibited an inverse

relationship with multiple neoplasms. Multivariate analysis

with these variables revealed that the absence of H. pylori

infection [odds ratio (OR) 1.610; p = 0.033], lower third

location (OR 1.610; p = 0.046), and intestinal metaplasia

(OR 4.321; p = 0.014) were the independent risk factors

for multiple neoplasms (Table 3).

The H. pylori prevalence was 61.1 % (312/511) among

those younger than 65 years, and 47.4 % (200/422) among

those aged 65 years or older. Most of the H. pylori-negative

patients did not recall whether they had had previous eradi-

cation therapy or not. Among the patients with H. pylori

infection, 236 received eradication therapy and 276 did not.

Among those with eradication therapy, metachronous gastric

Fig. 1 A total of 971 subjects,

including 184 high-grade

dysplasia patients and 787 early

gastric cancer patients. EMR

endoscopic mucosal resection,

ESD endoscopic submucosal

dissection
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neoplasm had developed in 3.0 %, and in 2.2 % among those

with no eradication, which was not statistically significant.

(p = 0.570). The time interval between the primary proce-

dure and metachronous tumor development was also not

different between the H. pylori eradication group and the

noneradication group (29.9 months vs 31.3 months,

p = 0.893). Kaplan–Meier analysis of the cumulative inci-

dence of metachronous tumor showed no significant differ-

ence between the two groups with respect to eradication

(p = 0.620) (Fig. 2).

For synchronous neoplasm, compared with single neo-

plasm, univariate analysis showed that carcinoma, primary

tumor size less than 1 cm, and intestinal metaplasia were

positively related, and tumor size less than 1 cm was found to

be the only independent risk factor in multivariate analysis

(Table 4). For metachronous neoplasm, compared with single

neoplasm, univariate analysis showed that age over 65 years,

male gender, absence of H. pylori infection, lower third

location, and intestinal metaplasia were positively related

factors. In the multivariate analysis, the absence of H. pylori

infection was revealed as the independent risk factor and the

lower third location showed near significance (Table 5).

Stratification of follow-up duration

Because those with longer follow-up duration showed a ten-

dency of more frequent development of multiple gastric neo-

plasms, subgroup analyses were performed with stratification

by 4 years of follow-up. The cut-off of 4 years was taken

because with this cut-off the most significant difference in the

development of multiple gastric neoplasms was obtained.

Among the 671 patients who had been followed up for less than

4 years, univariate analysis demonstrated that age over

65 years, absence of H. pylori infection, intestinal metaplasia,

and submucosal invasion were associated with multiple neo-

plasms, and none of these were independently related to mul-

tiple neoplasms in multivariate analysis during the first 4 years

after the detection of the primary lesion. In this analysis, only

intestinal metaplasia showed near significance (OR 4.087,

95 % confidence interval 0.966–17.292; p = 0.056). In uni-

variate analysis among the 300 patients who had been followed

up for 4 years or more, age over 65 years, male gender, absence

of H. pylori infection, tumor size less than 1 cm, lower third

location, intestinal metaplasia, and undifferentiated histologic

appearance were shown to be related to multiple neoplasms.

However, multivariate analysis showed that lower third loca-

tion was the only independent risk factor for multiple neo-

plasms among patients with more than 4 years of follow-up

(OR 2.425, 95 % confidence interval 1.148–5.122;p = 0.020).

Characteristics of primary and synchronous

or metachronous lesions

In terms of the characteristics of synchronous or metach-

ronous lesions, 60 % were located in the same third of the

stomach and 72 % had the same histologic finding of

Table 1 Baseline characteristics

Overall

(n = 971)b
Single neoplasm

(n = 873)b
Synchronous

neoplasm (n = 56)b
Metachronous

neoplasm (n = 42)b
pc

Mean age (years)a 63.05 (9.508) 62.79 (9.631) 64.57 (7.813) 66.60 (8.166) 0.019

Male gender (%) 721/971 (74.3) 640/873 (73.3) 44/56 (78.6) 37/42 (88.1) 0.076

Helicobacter pylori positive (%) 512/933 (54.9) 471/838 (56.2) 28/55 (50.9) 13/40 (32.5) 0.011

Carcinoma (%) 787/971 (81.1) 704/873 (80.6) 50/56 (89.3) 33/42 (78.6) 0.255

Mean size (cm)a 1.862 (1.208) 1.863 (1.216) 1.720 (1.169) 2.027 (1.079) 0.463

Location 0.299

Upper third (%) 87/971 (9.0) 83/873 (9.5) 2/56 (3.6) 2/42 (4.8)

Middle third (%) 292/971 (30.1) 262/873 (30.5) 16/56 (28.6) 10/42 (23.8)

Lower third (%) 592/971 (61.7) 524/873 (60.0) 38/56 (67.9) 30/42 (71.4)

Atrophy (%) 524/753 (69.6) 470/683 (68.8) 33/43 (76.7) 21/27 (77.8) 0.352

IM (%) 819/932 (87.9) 727/837 (86.9) 53/55 (96.4) 39/40 (97.5) 0.018

Undifferentiated (%) 93/970 (9.6) 87/872 (10.0) 4/56 (7.1) 2/42 (4.8) 0.435

SM invasion (%) 85/970 (8.8) 75/872 (8.6) 7/56 (12.5) 3/42 (7.1) NA

LV invasion (%) 17/971 (1.8) 16/873 (1.8) 1/56 (1.8) 0 (0.0) NA

IM intestinal metaplasia, LV lymphovascular, NA not applicable, SM submucosal
a The standard deviation is given in parentheses.
a Each denominator is the valid number for the variable. Some of them are less than the total number for each group, because of missing data.

Especially for atrophy, many are missing data because of superficial biopsy samples that were inadequate for gland evaluation.
b Among the three groups
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dysplasia or carcinoma as the primary lesions. However,

the level of tumor differentiation was same in only 35 % of

the synchronous or metachronous cancers.

Discussion

Although surgical resection has been considered as the

only curative treatment for gastric neoplasm, nowadays

endoscopic resection is also widely used. Moreover, as

more and more gastric cancers are diagnosed at early stages

rather than at advanced stages by the national cancer

screening program in Korea, the role of endoscopic

resection is growing explosively. However, since endo-

scopic resection spares a large area of gastric mucosa, the

later development of synchronous or metachronous neo-

plasms in another site from the primary lesion is one of the

main concerns with this innovative procedure. So far,

definite risk factors for these multiple gastric neoplasms

have not yet been established.

Previously, a few studies suggested risk factors for

metachronous cancer, such as H. pylori infection [17],

chronic atrophic gastritis [13, 14, 16], and undifferentiated

histologic appearance [15]. However, there have been

many limitations in terms of relatively small numbers of

patients, lack of evaluation for premalignant dysplastic

Table 2 Univariate analysis for multiple neoplasms

Single

neoplasm

(n = 873)a

Multiple

neoplasms

(n = 98)a

OR p

Age C 65 years

(%)

402/873 (46.0) 55/98 (56.1) 1.488 0.058

Male gender (%) 640/873 (73.3) 81/98 (82.7) 1.735 0.045

Helicobacter

pylori positive

(%)

471/838 (56.2) 41/95 (43.2) 0.682 0.015

Carcinoma (%) 704/873 (80.6) 83/98 (84.7) 1.328 0.332

Size C 1 cm (%) 691/872 (79.2) 73/97 (75.3) 0.787 0.362

Lower third

location (%)

524/873 (60.0) 68/98 (69.4) 1.610 0.072

Atrophy (%) 470/683 (68.8) 54/70 (77.1) 1.680 0.149

IM (%) 727/837 (86.9) 92/95 (96.8) 4.840 0.005

Undifferentiated

(%)

87/872 (10.0) 6/98 (6.1) 0.688 0.219

SM invasion (%) 75/872 (8.6) 10/98 (10.2) 1.208 0.595

LV invasion (%) 16/873 (1.8) 1/98 (1.0) 0.652 1.000

IM intestinal metaplasia, LV lymphovascular, OR odds ratio, SM

submucosal
a Each denominator is the valid number for the variable.

Table 3 Multivariate analysis for multiple neoplasms

OR 95 % CI p

Age C 65 years 1.429 0.924–2.211 0.108

Male gender 1.547 0.889–2.692 0.123

Absence of Helicobacter pylori 1.610 1.038–2.497 0.033

Lower third location 1.610 1.008–2.569 0.046

IM 4.321 1.338–13.957 0.014

CI confidence interval, IM intestinal metaplasia, OR odds ratio

Fig. 2 Kaplan-Meier analysis of cumulative incidence of metachro-

nous tumor with respect to eradication therapy

Table 4 Subgroup multivariate analysis for synchronous neoplasms

compared with single neoplasm

OR 95 % CI p

Carcinoma 2.014 0.842–4.817 0.116

Size\ 1 cm 1.917 1.060–3.469 0.031

IM 3.933 0.942–16.418 0.060

CI confidence interval, IM intestinal metaplasia, OR odds ratio

Table 5 Subgroup multivariate analysis for metachronous neoplasms

compared with single neoplasm

OR 95 % CI p

Age C 65 years 1.886 0.967–3.680 0.063

Male gender 2.302 0.882–6.006 0.089

Absence of Helicobacter pylori 2.454 1.233–4.885 0.011

Lower third location 2.093 1.001–4.379 0.050

IM 5.236 0.706–38.817 0.105

CI confidence interval, IM intestinal metaplasia, OR odds ratio

Risk factors for multiple gastric tumors 821
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lesions, and adjustment with multiple factors. For these

reasons, this study was designed to clarify the independent

risk factors for synchronous or metachronous gastric neo-

plasms, including high-grade dysplasia and EGC with a

large volume.

In this study, less than 10 % of subjects developed either

synchronous or metachronous neoplasms during the fol-

low-up period of 12–131 months (median 35 months).

More than half of these multiple neoplasms were detected

within 1 year, showing the importance of short-term fol-

low-up within the first year after the primary procedure.

However, almost 20 % of the secondary lesions were also

found more than 3 years after endoscopic resection, sug-

gesting that long-term follow-up also cannot be ignored. In

a previous study of metachronous gastric cancer after

endoscopic resection, the overall incidence was reported to

be 8.2 % during an average of 3.1 years of follow-up, and

the cumulative 3-year incidence of metachronous gastric

cancer was 5.9 % [19]. Another study reported that

metachronous gastric cancers had an overall incidence of

14 % during a median of 57 months of follow-up [12], and

yet another study showed the incidence of synchronous and

metachronous multiple gastric cancers after endoscopic

resection to be 14.5 and 8.5 %, respectively [15]. As high-

grade dysplasia was also included in this study, the rate of

synchronous or metachronous tumor development might be

lower than that found in previous studies because of the

lower invasiveness or multiplicity of dysplastic epithelium

than invasive carcinoma. Moreover, most of the lesions

with low-grade dysplasia which were found during the

study period were also removed by endoscopic resection in

this study. Although there have been many debates about

the malignant potential of low-grade dysplasia, complete

removal of all dysplastic epithelium might reduce the risk

of synchronous or metachronous tumor development.

This study has revealed that absence of H. pylori

infection, lower third location, and intestinal metaplasia are

independent risk factors for multiple neoplasms. Specifi-

cally, a primary tumor size less than 1 cm was related to

synchronous lesions, and the absence of H. pylori infection

and lower third location were related to metachronous

lesions.

The reason why synchronous lesions were more likely to

be small is unclear. However, considering that most of the

simultaneous multifocal lesions were in the same third of

the stomach, there are chances that some small multifocal

lesions combine as they grow, becoming single lesions.

In this study, H. pylori infection exhibited an inverse

relationship with metachronous lesions. It is hard to discuss

the statistical significance because of the large difference

among the numbers of patients included in each group.

However, one of the possibilities is that there might be

many previous infections among the H. pylori-negative

patients and the past long-term infection might have had

more effect on metachronous tumorigenesis than newly

developed current infection. The fact that the current

prevalence of H. pylori infection among the older patients

was lower than that of the younger patients suggests this

assumption. Moreover, H. pylori eradication therapy was

shown to be ineffective in preventing metachronous

lesions. For the effect of H. pylori eradication on metach-

ronous tumor development, a prospective randomized

controlled trial has suggested that H. pylori eradication

therapy had prophylactic power against metachronous

gastric cancer [17], whereas another long-term follow-up

study showed that baseline mucosal atrophy, but not H.

pylori status, was independently related to the development

of metachronous gastric cancer [16]. Because the propor-

tion of subjects with intestinal metaplasia was much larger

in this study than in the previous randomized controlled

trial, it seems H. pylori eradication therapy could not

reverse neoplastic changes and had no preventive role in

the progression to metachronous tumors. Moreover, the

mean interval to develop new lesions was shown to be no

longer in H. pylori-eradicated patients than in persistently

H. pylori-infected patients, which explains why H. pylori

eradication therapy has no effect in delaying the dysplastic

progress.

Since the follow-up duration is strongly associated with

the development of metachronous neoplasm, we performed

an additional stratification analysis. Within 4 years after

the primary procedures, nothing was revealed to be an

independent risk factor for multiple neoplasms; however

intestinal metaplasia showed near significance. On the

other hand, lower third location was the only risk factor for

multiple neoplasms in long-term follow-up. This finding

confirms that these variables are still closely related to

multiple neoplasms even after adjustment for the follow-up

duration.

Although H. pylori is well known to be associated with

development of atrophic gastritis, intestinal metaplasia, and

gastric cancer, there is no clear evidence that intestinal

metaplasia is improved by H. pylori eradication [20, 21]. It

seems that once intestinal metaplasia develops, H. pylori

eradication cannot prevent malignant progression. There-

fore, our results seem to mean that irreversible intestinal

metaplasia is more critical than H. pylori status in the

development of multiple gastric neoplasms.

Similarly to the previous study [12], this study showed

that new lesions tend to develop in the same third of the

stomach with the same histologic features as the primary

ones. Endoscopic resection can be applied as long as the

new lesions are detected early enough to meet the criteria

for it. In the current study, all the patients with new lesions

except for five were treated with endoscopic resections.

Among these five, two had carcinoma larger than 2 cm

822 J. H. Lim et al.

123



with undifferentiated histologic appearance, another two

had muscular invasion, and the other one had two separate

new lesions, including one recurred lesion. All five had risk

factors such as intestinal metaplasia and lower third loca-

tions, and the new lesions were detected during scheduled

follow-up. These findings suggest that gastric antral neo-

plasms with intestinal metaplasia treated with endoscopic

resections are likely to develop new lesions during follow-

up.

This study contains the limitations of its retrospective

nature. However, it has the advantage of a large number of

patients with multiple neoplasms.

In conclusion, this study suggests that patients who had

undergone endoscopic resection for gastric neoplasms

located in the antrum with intestinal metaplasia tend to

develop synchronous or metachronous lesions regardless of

H. pylori status. Therefore, for patients with these char-

acteristics, more meticulous endoscopic examination with

close follow-up should be considered. Further prospective,

randomized studies are necessary to set up a tailored fol-

low-up schedule for those who are at high risk of multiple

gastric neoplasms.
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