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Authors investigated the clinicopathological features of remnant gastric cancer based on initial disease of partial

gastrectomy. Pyloric metaplasia was a characteristic feature in the anastomosis area accompanied by foveolar epithelial

hyperplasia, which is a characteristic of reflux gastritis. Remnant gastric cancers that occurred following benign disease

were strongly associated with pyloric metaplasia of the anastomosis site, whereas malignant remnant gastric cancers

were characterized by both pyloric metaplasia and intestinal metaplasia. EBV-type gastric cancer was highly represented

in the benign group (31.8%), while it was present in only 3% of the malignant cases. In the benign group, remnant gastric

cancer occurred after 10 years or more, and was almost located within 3 cm from the anastomosis site. These findings

may be helpful to the endoscopic surveillance for remnant stomach.

Keywords: remnant gastric cancer ; partial gaastrectomy ; pyloric metaplasia ; intestinal metaplasia ; pathogenesis

1. Introduction

Early diagnosis of gastric cancer according to national screening programs and advanced surgical treatment have led to

an increase in the five-year survival rates in Korea and Japan . Gastric resection with lymph node dissection is the

only curative treatment for these patients . Metachronous cancer in the remnant stomach after partial gastrectomy has

gained great interest due to the increased application of organ function-preserving surgery .

The hypothesized risk factors for remnant gastric cancer include Helicobacter pylori (H. pylori) infection, changes in the

gastric mucosa due to bile reflux, and the type of anastomosis methods . However, most of these studies are

retrospective and disease incidence and pathogenesis were not investigated. Several studies have reported that the

changes in gastric mucosa caused by bile reflux after subtotal gastrectomy may increase the prevalence of remnant

gastric cancer. This was in contrast to the results of other studies reporting that bile reflux may decrease H. pylori infection

and generated a controversy about the relevant risk factors . In order to understand the risk factors and features of

remnant gastric cancer, combined pathological analysis of the anastomosis site and background mucosa is required.

However, to date, very few studies have addressed this issue.

Recent studies have suggested new molecular classifications of gastric cancer, aimed at improving prognosis and

treatment . Presumably, a better understanding of the changes occurring in the anastomosis mucosa, as well as

molecular subtype classification based on immunohistochemistry, will shed light on the pathogenesis of remnant gastric

cancer.

2. Remnant Gastric Cancer and Disease of Partial Gastrectomy 

Numerous studies have described the clinical features of remnant gastric cancer. However, the pathogenesis and cause

of the disease remains controversial. Moreover, little is known regarding the histological features of the anastomosis site

and background mucosa in remnant gastric cancer. The present study investigated the clinical features of remnant gastric

cancer based on initial disease of partial gastrectomy. In addition, histological analysis and molecular classification based

on immunohistochemistry were conducted to investigate the pathogenesis of remnant gastric cancer. Remnant gastric

cancers that occurred following benign disease were strongly associated with pyloric metaplasia of the anastomosis site,

whereas malignant remnant gastric cancers were characterized by both pyloric metaplasia and intestinal metaplasia.

In accordance with previous studies, a significant difference was observed between the benign and the malignant group in

the duration of the interval between the initial partial gastrectomy and the occurrence of remnant gastric cancer.

Numerous studies have hypothesized that the shorter interval in the malignant group is related to the presence of a

precancerous lesion, such as atrophic gastritis and intestinal metaplasia .
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Reflux gastritis from bile may occur in the remnant stomach and its major histological feature is known as foveolar

epithelial hyperplasia without inflammation . In the present study, we analyzed the distribution and severity of reflux

gastritis in detail. Pyloric metaplasia, in addition to foveolar epithelial hyperplasia, was observed around the anastomosis

site. These characteristic pyloric metaplasia were frequently observed in the remnant stomach. On the other hand, the

literature focusing on pyloric metaplasia in the remnant stomach is extremely poor . Pyloric metaplasia is a

phenomenon by which fundic-type glands transform into mucin-secreting pyloric-type glands, and has been reported to

occur in two forms. One is “antralization”, in which pyloric metaplasia occurs in the fundic glands of the angle of stomach

and gradually progresses toward the proximal part. As a result, the border of the fundic and pyloric mucosa (fundic-pyloric

border) also moves toward the proximal part  This phenomenon is associated with H. pylori gastritis and is usually

accompanied by intestinal metaplasia . The other mechanism is “spasmolytic polypeptide-expressing metaplasia

(SPEM),” which occurs separately as a spot within the fundic gland region, arises from chief cell transdifferentiation, and

further progresses into intestinal metaplasia . Whether these two conditions are related remains unclear. Pyloric

metaplasia observed in the present study exhibited distinct characteristics from the two aforementioned mechanisms.

First, it started from the anastomosis site of the remnant stomach after partial gastrectomy. Second, it was accompanied

by foveolar epithelial hyperplasia, which is a characteristic of reflux gastritis. Third, it was not accompanied by intestinal

metaplasia.

We demonstrated that pyloric metaplasia was the main preneoplastic change in the benign group. A previous study also

reported pyloric metaplasia in the remnant stomach. However, the relationship between pyloric metaplasia and the initial

disease status was not clarified, nor was the time interval from initial surgery evaluated . In that study, only the

presence or absence of pyloric metaplasia was recorded, but its grade was not taken into consideration. In the present

study, we demonstrated that although pyloric metaplasia was present in almost all examined cases, its degree of severity

was much higher in the benign group. High-grade pyloric metaplasia was prevalent in the background mucosa around the

carcinomas in the benign group, while its incidence was much lower in the malignant group. This suggested that reflux-

induced changes had a stronger impact on the carcinogenic background in the benign group than in the malignant group.

Notably, high-grade intestinal metaplasia was only observed in the background mucosa of the malignant cases. High-

grade intestinal mucosa is the result of mucosal changes due to prolonged H. pylori gastritis. Therefore, H. pylori gastritis

and reflux-induced gastritis could have a similar influence on carcinoma development in the malignant group. It can be

assumed that partial gastrectomy in the benign group was performed before H. pylori gastritis could progress into the

body and, therefore, background mucosa had no chance to develop.

Significant differences in EBV and CDX2 expression were found between the two groups. EBV-type gastric cancer was

highly represented in the benign group (31.8%), while it was present in only 3% of the malignant cases, which is lower

than the average incidence among total gastric cancers (5–10%) . EBV-type gastric cancer exhibits unique molecular

alterations . However, the mechanism of its development is not well-established. EBV-type gastric cancer is highly

prevalent in the cardia and body among remnant gastric cancers, but it has no relationship with H. pylori infection . In

a recent study, the EBV infection rate was higher in patients with remnant gastric cancer compared with those with

conventional gastric cancer. It has been reported that Billroth II anastomosis, carcinoma at the anastomosis site, diffuse

type, and EBV genome polymorphisms are related to the EBV-associated remnant gastric cancer . CDX2 was less

expressed in the benign group than malignant group, and this could be related to the low grade of intestinal metaplasia in

the background mucosa of benign cases . CDX2 is a homeobox gene expressed in the intestinal mucosa and has a role

in the differentiation of intestinal epithelium . CDX2 is expressed in all gastric carcinomas that develop an intestinal

phenotype, but it is also present in a proportion of cases with gastric phenotype . The clinical relevance of the different

molecular subtypes of gastric carcinoma is not clear at present, but carcinogenic factors might differ depending on the

initial disease.

Annual endoscopic surveillance after gastrectomy in the malignant group should be recommended even after the 5- year

follow-up because the tumors seems to occur at a constant rate without changing over the years. In the benign group,

remnant gastric cancer occurs after 10 years or more, and at the time of diagnosis, about 50% is stage II or higher (Figure

S1). Meanwhile high-grade pyloric metaplasia was mainly distributed within 3 cm from the anastomosis site in the benign

group (Figure S2). Considering the data of the present study, it could be suggested to carefully observe the anastomosis

area (within 3 cm) in the endoscopic surveillance 10 years from the partial gastrectomy performed for the benign cause.

(Figure 2)
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Figure 2. Scheme of clinical surveillance for remnant gastric cancer.
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