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Abstract

BACKGROUND
Endoscopy-based Kyoto classification for gastritis and pathological topographic
distribution of neutrophil infiltration are correlated with gastric cancer risk.

AIM

To investigate the association between Kyoto classification and the topographic
distribution of neutrophil activity.
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METHODS

Kyoto classification score, ranging from 0 to 8, consisted of atrophy, intestinal
metaplasia, enlarged folds, nodularity, and diffuse redness. Neutrophil activity
was scored according to the updated Sydney System using biopsy samples
obtained from the greater curvature of the corpus and the antrum. The
participants were divided into four categories, inactive stomach, antrum-
predominant gastritis, pangastritis, and corpus-predominant gastritis, based on
the topographic distribution of neutrophil activity. Effects of sex, age, body mass
index, drinking habit, smoking habit, family history of gastric cancer, serum
Helicobacter pylori (H. pylori) antibody, and Kyoto score on topography of
neutrophil infiltration were analyzed.

RESULTS

A total of 327 patients (comprising 50.7% women, with an average age of 50.2
years) were enrolled in this study. H. pylori infection rate was 82.9% with a mean
Kyoto score of 4.63. The Kyoto score was associated with the topographic
distribution of neutrophil activity. Kyoto scores were significantly higher in the
order of inactive stomach, antrum-predominant gastritis, pangastritis, and corpus-
predominant gastritis (3.05, 4.57, 5.21, and 5.96, respectively). Each individual
score of endoscopic findings (i.e., atrophy, intestinal metaplasia, enlarged folds,
nodularity, and diffuse redness) was correlated with the topographic distribution
of neutrophil activity. On multivariate analysis, the Kyoto score, age, and serum
H. pylori antibody were independently associated with the topographic
distribution of neutrophil activity.

CONCLUSION
The Kyoto classification score was associated with the topographic distribution of
neutrophil activity.

Key Words: Kyoto classification; Helicobacter pylori; Neutrophil activity; Updated
Sydney System; Gastritis; Gastric cancer; Endoscopy; Pathology

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We investigated the association between endoscopy-based Kyoto classification
of gastritis and pathologically topographic distribution of neutrophil activity which related
to gastric cancer risk. Kyoto classification score is consisted of atrophy, intestinal
metaplasia, enlarged folds, nodularity, and diffuse redness. The subjects were divided into
four categories, inactive stomach, antrum-predominant gastritis, pangastritis, and corpus-
predominant gastritis, based on distribution of neutrophil activity. Kyoto scores were
higher in the order of inactive stomach, antrum-predominant gastritis, pangastritis, and
corpus-predominant gastritis. On multivariate analysis, Kyoto score was independently
associated with topographic distribution of neutrophil activity. In conclusion, Kyoto
classification score was associated with gastric cancer risk.

Citation: Toyoshima O, Nishizawa T, Yoshida S, Sakaguchi Y, Nakai Y, Watanabe H, Suzuki
H, Tanikawa C, Matsuda K, Koike K. Endoscopy-based Kyoto classification score of gastritis
related to pathological topography of neutrophil activity. World J Gastroenterol 2020; 26(34):
5146-5155

URL: https://www.wjgnet.com/1007-9327/full/v26/i34/5146.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i134.5146

INTRODUCTION

Stomach cancer is the third leading cause of cancer-related mortality in both sexes
worldwide according to the 2018 GLOBOCAN estimates!'. Thus, the key to obtaining
a significant effect on the prognosis of gastric adenocarcinoma and its economic
burden is to accurately identify at-risk individuals**.

The updated Sydney System is the most widely accepted method for the histological
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classification and grading of gastritis!™; it can also assess pathologic features related to
Helicobacter pylori (H. pylori) infection such as neutrophil activity, chronic
inflammation, atrophy, intestinal metaplasia, and gastric cancer’”. Neutrophil activity
is measured by continuing acute inflammation and is linked to tissue damage. The
density of intraepithelial neutrophils is correlated with the extent of mucosal damage
and intensity of H. pylori infection'®'l. The topographic distribution of neutrophil
activity has been reportedly associated with gastric cancer development!!l.
Endoscopy-led risk stratification is preferable since pathology-based evaluation is
more invasive. The endoscopic Kyoto classification of gastritis was advocated by the
Japan Gastroenterological Endoscopy Society in 2013. The Kyoto classification was
established with the aim to unify the endoscopic diagnosis of gastritis in daily practice
and match it with the histological diagnosis. The Kyoto classification score consisted of
scores in gastric atrophy, intestinal metaplasia, enlarged folds, nodularity, and diffuse
redness!'?l. Several studies have revealed the association of the Kyoto score with H.
pylori infection™"! and gastric cancer risk!"*l; however, the consistency of the Kyoto
score with pathological findings has not been clarified. Therefore, this study aimed to
investigate the relationship between the Kyoto score and pathological findings.

MATERIALS AND METHODS
Study design and subjects

This study was approved by the institutional review board at the Institute of Medical
Science, University of Tokyo on September 21, 2013 (approval No. 25-34-0921). All
participants provided written informed consent.

This cohort study consisted of participants who underwent esophagogastroduo-
denoscopy at Toyoshima Endoscopy Clinic from December 2013 to January 2016.
Esophagogastroduodenoscopies were performed either for screening, evaluation of
present symptoms, or surveillance of previous esophagogastroduodenal diseases.
Inclusion criteria were as follows: Patients aged > 20 years without history of gastric
neoplasia, surgical gastrectomy, or H. pylori eradication. Exclusion criteria involved a
withdrawal of concent.

Demographic characteristics including age, sex, body mass index, smoking history,
habitual drinking, and first-degree family history of gastric cancer were obtained™!. A
score of at least 400 on the Brinkman index was defined as positive smoking history.
Consumption of at least one alcoholic drink per day was defined as habitual drinking.

Endoscopy-based Kyoto classification score

Endoscopic Kyoto classification score for gastritis, from 0 to 8, is based on the total
scores of the following five endoscopic findings: Atrophy, intestinal metaplasia,
enlarged folds, nodularity, and diffuse redness. A high score represents increased risk
for gastric cancer and H. pylori infection!”.

Pathological atrophy is defined as the loss of normal glandular tissue of the gastric
mucosa. Endoscopic atrophy was classified according to the extent of mucosal
atrophy, as described by Kimura et al*>*). Non-atrophy and C1 were scored as
Atrophy score 0, C2 and C3 as Atrophy score 1, and O1 to O3 as Atrophy score 2.

Pathological intestinal metaplasia is defined as a phenotypic change from the
normal epithelial cell of the gastric mucosa to an intestinal phenotype. Endoscopically,
intestinal metaplasia typically appears as grayish-white and slightly elevated plaques
surrounded by mixed patchy pink and pale areas of the mucosa, forming an irregular
uneven surface. Villous appearance, whitish mucosa, and rough mucosal surface are
useful indicators for endoscopic diagnosis of intestinal metaplasial®!. Intestinal
metaplasia score 0 is defined as the absence of intestinal metaplasia; Intestinal
metaplasia score 1 as the presence of intestinal metaplasia within the antrum; and
Intestinal metaplasia score 2 as intestinal metaplasia extending into the corpus. The
Intestinal metaplasia score is calculated based on the diagnosis using the white light
imaging. Intestinal metaplasia diagnosis based on image-enhanced endoscopy and
chromo-endoscopy is not included in the Intestinal metaplasia score.

An enlarged fold is defined as a width of = 5 mm that is not flattened or is only
partially flattened by stomach insufflation. The absence and presence of enlarged folds
were scored as Enlarged folds score 0 and 1, respectively.

Nodular gastritis is characterized by a miliary pattern resembling “goose flesh”
mainly located in the antrum. The absence and presence of nodularity was scored as
Nodularity score 0 and 1, respectively.

Diffuse redness refers to uniform redness with continuous expansion observed in
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non-atrophic mucosa mainly in the corpus™. Regular arrangement of collecting
venules (RAC) is a condition where collecting venules are arranged in the corpus.
From a distance, it appears like numerous dots; up close, it has the appearance of a
regular pattern of starfish-like shapes. The absence of diffuse redness, presence of mild
diffuse redness or diffuse redness with RAC, and severe diffuse redness or diffuse
redness without RAC were scored as Diffuse redness score 0, 1, and 2, respectively.

Pathology (topographic distribution of neutrophil activity)

We obtained biopsy specimens from two sites, the greater curvature of the corpus and
the antrum™!. One experienced gastrointestinal pathologist diagnosed neutrophil
activity score based on the updated Sydney System in hematoxylin and eosin staining.
Neutrophil infiltration was graded on a scale of 0-3 (none, 0; mild, 1; moderate, 2;
severe, 3).

Based on the topographic distribution of neutrophil infiltration, the patients were
divided into four categories: “inactive stomach,” “antrum-predominant gastritis,”
“pangastritis,” and “corpus-predominant gastritis.” When neutrophil activity was null
for the antrum and the corpus, the diagnosis was “inactive stomach.” When the
antrum score was larger than that of the corpus, the diagnosis was “antrum-
predominant gastritis.” When neutrophil activity was positive, and the antrum score
was equal to that of the corpus, the diagnosis was “pangastritis.” When the corpus
score was larger than that of the antrum, the diagnosis was “corpus-predominant
gastritis!'*1.”

The serum anti-H. pylori antibody

Patients” blood samples were obtained on the day of esophagogastroduodenoscopy.
The serum antibody titer was measured by an enzyme-linked immunoassay kit using
antigens derived from Japanese individuals: E-plate Eiken H. pylori antibody II kit
(Eiken Chemical, Tokyo, Japan). We defined a cut-off value of 10 U/mL was identified
for H. pylori positivity as the manufacturer recommended!*""1.

Statistical analysis

We tested the association between the Kyoto classification score, including Atrophy,
Intestinal metaplasia, Enlarged folds, Nodularity, and Diffuse redness score, and the
four categories of topographic distribution of neutrophil activity by Kruskal-Wallis
and Steel-Dwass analysis. A multinomial logistic regression analysis was performed
using the four categories of gastritis as objective variables. Sex, age, body mass index,
drinking, smoking habit, first-degree family history of gastric cancer, serum H. pylori
antibody, and the Kyoto score were used as explanatory variables. A P value of < 0.05
was defined as statistical significance. Calculations were carried out using the
statistical software Ekuseru-Toukei 2015 (Social Survey Research Information Co., Ltd.,
Tokyo, Japan).

RESULTS

A total of 327 patients (comprising 50.7% women, with an average age of 50.2 years)
were enrolled in this study. H. pylori infection rate was 82.9% with a mean Kyoto score
of 4.63 (Table 1).

The Kyoto score was associated with the topographic distribution of neutrophil
activity (P < 0.001 calculated by Kruskal-Wallis test). Kyoto scores were significantly
higher in the order of inactive stomach, antrum-predominant gastritis, pangastritis,
and corpus-predominant gastritis (3.05, 4.57, 5.21, and 5.96, respectively; Figure 1).
Table 2 shows that each individual score of endoscopic findings (i.e., atrophy,
intestinal metaplasia, enlarged folds, nodularity, and diffuse redness) was correlated
with the topographic distribution of neutrophil activity. On multivariate analysis, the
Kyoto score, age, and serum H. pylori antibody were independently associated with
the topographic distribution of neutrophil activity (Table 3).

DISCUSSION

Our study revealed that the Kyoto score was associated with the topographic
distribution of neutrophil activity. Uemura et all'l reported the significance of gastritis
topography, and relative risks of gastric cancer for pangastritis and corpus-

WJG | https://www.wjgnet.com 5149 September 14,2020 | Volume?26 | Issue34 |



Toyoshima O et al. Kyoto score for neutrophil activity topography

Table 1 Baseline characteristics of patients

Baseline characteristics of patients

Number 327
Female sex, % 50.7

Age, mean (+ SD), yr 50.2 (12.3)
Body mass index, mean ( SD), kg/m? 22.4 (3.1)
Drinking, % 26.0
Smoking, % 8.3
Family history of gastric cancer, % 16.8
Positive Helicobacter pylori antibody, % 829
Kyoto score, mean (+ SD) 4.63 (1.89)
Atrophy score, mean (+ SD) 1.35 (0.69)
Intestinal metaplasia score, mean (+ SD) 0.61 (0.88)
Enlarged folds score, mean (+ SD) 0.47 (0.50)
Nodularity score, mean (+ SD) 0.40 (0.49)
Diffuse redness score, mean (+ SD) 1.71 (0.64)

Table 2 Association between Kyoto classification score and the topographic distribution of neutrophil activity

Inactive Antrum-predominant ... Corpus-predominant P
o Pangastritis -

stomach gastritis gastritis value
Atrophy score, mean (+ SD) 1.03 (0.80) 1.30 (0.64) 1.46 (0.61) 1.76 (0.52) <0.001
Intestinal metaplasia score, mean (+ 0.53 (0.83) 0.54 (0.83) 0.57 (0.88) 1.36 (0.91) <0.001
SD)
Enlarged folds score, mean (+ SD) 0.18 (0.39) 0.54 (0.50) 0.57 (0.50) 0.56 (0.51) <0.001
Nodularity score, mean (+ SD) 0.27 (0.45) 0.32 (0.47) 0.53 (0.50) 0.28 (0.46) <0.001
Diffuse redness score, mean (+ SD) 0.97 (0.85) 1.83 (0.49) 1.97 (0.25) 1.96 (0.20) <0.001

P value was calculated using Kruskal-Wallis test.

predominant gastritis were 15.6 and 34.5, respectively, as compared with antrum-
predominant gastritis. Namely, the risk of gastric cancer increased in the order of
antrum-predominant gastritis, pangastritis, and corpus-predominant gastritis. In this
study, Kyoto score also increased in a similar order.

Our data also showed that age, endoscopic atrophy score, and endoscopic intestinal
metaplasia score increased in the order of pathologically antrum-predominant active
gastritis, pangastritis, and corpus-predominant gastritis. Correa’s cascade in H. pylori-
associated gastritis follows the following consecutive steps: (1) Normal gastric mucosa;
(2) Nonatrophic antrum-predominant active gastritis; (3) Atrophy; (4) Intestinal
metaplasia; (5) Dysplasia; and (6) Cancer!™. Atrophic gastritis progresses from the
antrum to the corpus™®l. In the early phase of atrophic gastritis, neutrophils are
mainly infiltrated in the antrum. This condition could correspond to antrum-
predominant active gastritis. When atrophic gastritis progresses from the antrum to
the corpus, neutrophil infiltration in antrum and corpus would be similar. This
condition could correspond to pangastritis. Along with the atrophic gastritis
progression, intestinal metaplasia occurs, especially in the antrum. Since intestinal
metaplasia could be a harsh environment for H. pylori, topographic distribution of H.
pylori could alter from the antrum to the corpus™l. The density of H. pylori was also
correlated with neutrophil activity!’*. After the emergence of antral intestinal
metaplasia, neutrophil activity decreases in the antrum, and the status could be
categorized as corpus-predominant gastritis. Namely, pathologically active gastritis
could progress in the order of antrum-predominant gastritis, pangastritis, and corpus-
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Table 3 Multivariate analysis for the topographic distribution of neutrophil activity

Inactive Antrum-predominant ... Corpus-predominant P
stomach gastritis Pangastitis gastritis value
No. 73 82 147 25
Female sex, % 50.7 427 524 48.0 0.646
Age, mean (+ SD), yr 53.6 (14.1) 46.8 (10.4) 48.7 (11.3) 60.4 (10.9) <0.001
2Body mass index, mean (+ SD), kg/m 22.8 (3.1) 22.9 (3.6) 22.0 (2.8) 21.8 (3.2) 0.254
Drinking, % 27.4 23.2 25.2 36.0 0.758
Smoking, % 9.6 85 54 20.0 0.083
Family history of gastric cancer, % 13.7 183 15.0 32.0 0.162
Positive Helicobacter pylori antibody, — 45.2 927 95.2 88.0 <0.001
%
Kyoto score, mean (+ SD) 3.05 (2.36) 4.57 (1.52) 5.21 (1.35) 5.96 (1.17) <0.001

P value was calculated using the multinomial logistic regression analysis.

Kyoto score

P < 0.001 P =0.012 P =0.020
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Figure 1 Kyoto score according to the topographic distribution of neutrophil activity. Box-plots depicting the average Kyoto score. P value was
calculated using the Steel-Dwass test.

predominant gastritis (Figure 2). Imagawa et al® also suggested that gastritis
topography changes in the order of antrum-predominant gastritis, pangastritis, and
corpus-predominant gastritis as age advances. In our study, endoscopic atrophy and
intestinal metaplasia were associated with the development of pathologically active
gastritis.

A number of studies have shown that pathological topography of neutrophil
infiltration was correlated with gastric cancer risk™. Sakitani et al”! demonstrated that
neutrophil infiltration in the corpus was a risk factor for gastric cancer, especially for
the diffuse-type cancer. Matsuhisa et all* showed that among H. pylori-positive
patients, corpus-predominant gastritis was common in elderly Japanese and Chinese
whose prevalence of gastric cancer were high, whereas antrum-predominant gastritis
was prevalent in Thailand and Vietnam, which had low incidence of gastric cancer.
We previously reported that corpus-predominant gastritis and pangastritis were
associated with the risk allele of Prostate Stem Cell Antigen gene, a gastric cancer-related
single nucleotide polymorphism. The patients with corpus-predominant gastritis and
the pangastritis had low expression of Prostate Stem Cell Antigen in the gastric mucosa,
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Figure 2 Representative images of four categories of gastritis. A-C: Inactive stomach. A 49-year-old woman. Kyoto score: 3; Atrophy score: 1; Intestinal
metaplasia score: 0; Enlarged folds score: 0; Nodularity score: 0; Diffuse redness score: 2; D-F: Antrum-predominant gastritis. A 37-year-old man. Kyoto score: 4;
Atrophy score: 1; Intestinal metaplasia score: 0; Enlarged folds score: 1; Nodularity score: 0; Diffuse redness score: 2; G-I: Pangastritis. A 45-year-old man. Kyoto
score: 5; Atrophy score: 1; Intestinal metaplasia score: 0; Enlarged folds score: 1; Nodularity score: 1; Diffuse redness score: 2; J-L: Corpus-predominant gastritis. A
51-year-old woman. Kyoto score: 6; Atrophy score: 2; Intestinal metaplasia score: 2; Enlarged folds score: 0; Nodularity score: 0; Diffuse redness score: 2. Greater
curvature of the corpus (A, D, G and J); Lesser curvature of the corpus (B, E, H and K); Antrum (C, F, | and L).

JBaishideng®

as did the stomach cancer patients did™. It has also been reported that the presence of
neutrophil infiltration in the corpus is related to metachronous gastric cancer™ and
that activated neutrophils generate reactive oxygen and nitrogen species, which are
mutagenic and carcinogenic*”l. Although gastritis topography for gastric cancer risk
has ample evidence, Kyoto score for gastric cancer risk has not been fully assessed
yetl'®*1. Thus, this study provides evidentiary support that Kyoto score is useful for
assessing gastric cancer risk.

This study has several limitations. First, this was a retrospective, single-center
study. Second, interobserver agreement and reproducibility of the Kyoto classification
have not been demonstrated. Third, the category of inactive stomach included subjects
who had not been infected with H. pylori and those with spontaneous disappearance of
H. pylori. Since cancer risks of the two types of subjects are markedly different, it is
advisable that these patients will be investigated separately in the future**l.

CONCLUSION

In conclusion, the Kyoto classification score was associated with topographic
distribution of neutrophil activity.
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ARTICLE HIGHLIGHTS

Research background

The pathological topographic distribution of neutrophil activity in the gastric mucosa
correlates to gastric cancer development. Endoscopy-based Kyoto classification of
gastritis has also been reported to be associated with gastric cancer risk.

Research motivation
The consistency of the Kyoto classification score with the topographic distribution of
neutrophil activity was not clear.

Research objectives
To investigate the association between endoscopic findings of gastritis based on the
Kyoto classification and pathological topography of neutrophil activity.

Research methods

This study consisted of participants who underwent esophagogastroduodenoscopy at
the Toyoshima Endoscopy Clinic from December 2013 to January 2016. We obtained
two-points biopsy samples from the greater curvature of corpus and antrum. Based on
the pathological topographic distribution of neutrophil activity, the subjects were
divided into four categories: Inactive stomach, antrum-predominant gastritis,
pangastritis, and corpus-predominant gastritis. We tested the association between the
Kyoto classification score, including Atrophy, Intestinal metaplasia, Enlarged folds,
Nodularity, and Diffuse redness score, and the four categories of topographic
distribution of neutrophil activity.

Research results

We enrolled 327 patients. The Kyoto scores were significantly higher in the order of
inactive stomach, antrum-predominant gastritis, pangastritis, and corpus-predominant
gastritis (3.05, 4.57, 5.21, and 5.96, respectively). Especially, Atrophy score and
Intestinal metaplasia score were correlated with the topographic distribution of
neutrophil activity. On multivariate analysis, the Kyoto score, age, and serum
Helicobacter pylori antibody were independently associated with the topographical
distribution of neutrophil activity.

Research conclusions

Endoscopic findings of gastritis based on the Kyoto classification were associated with
the pathological topographic distribution of neutrophil activity and showed the
stepwise increase in the order of inactive stomach, antrum-predominant gastritis,
pangastritis, and corpus-predominant gastritis.

Research perspectives

Our study supports the hypothesis that endoscopic findings based on the Kyoto score
are useful for the assessment of gastric cancer risk. However, further studies are
warranted to clarify the association between the Kyoto classification of gastritis and
gastric cancer risk.
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