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Abstract

Kyoto global consensus reports that the current ICD-10 classification for gastritis
is obsolete. The Kyoto classification of gastritis states that severe mucosal atrophy
has a high risk of gastric cancer, while mild to moderate atrophy has a low risk.
The updated Kimura-Takemoto classification of atrophic gastritis considers five
histological types of multifocal corpus atrophic gastritis according to stages C2 to
O3. This method of morphological diagnosis of atrophic gastritis increases
sensitivity by 2.4 times for severe atrophy compared to the updated Sydney
system. This advantage should be considered when stratifying the high risk of
gastric cancer. The updated Kimura-Takemoto classification of atrophic gastritis
should be used as a reference standard (gold standard) in studies of morpho-
functional relationships to identify serological markers of atrophic gastritis with
evidence-based effectiveness. The use of artificial intelligence in the serological
screening of atrophic gastritis makes it possible to screen a large number of the
population. During serological screening of atrophic gastritis and risk strati-
fication of gastric cancer, it is advisable to use the Kyoto classification of gastritis
with updated Kimura-Takemoto classification of atrophic gastritis.

Key Words: Atrophic gastritis; Cancer risk stratification; Gastric cancer prevention;
Classification of gastritis
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Core Tip: Prevention of gastric cancer is an actual challenge of modern oncology. Its implementation is
possible by means of serological screening of atrophic gastritis with accurate morphological diagnostics
within the framework of the Kyoto classification of gastritis. If the Kyoto classification of gastritis is
supplemented with the updated classification of Kimura-Takemoto atrophic gastritis, then it will be easier
to estimate the risk of developing stomach cancer. The new system of gastric cancer risk stratification has
the prospect of practical application in any population. For gastric cancer prevention at the level of large
populations, we suggest using computer programs. The authors' computer program is given in this
manuscript.

Citation: Kotelevets SM, Chekh SA, Chukov SZ. Cancer risk stratification system and classification of gastritis:
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INTRODUCTION

The statement that Helicobacter pylori (H. pylori) is the main cause of gastritis, atrophic gastritis, and
gastric and duodenal ulcers belongs to the Kyoto global consensus. “Question of the hour” of gastroen-
terology is whether the current ICD-10 classification for gastritis is appropriate for use. Kyoto global
consensus reports that the current ICD-10 classification for gastritis is obsolete[1]. At the present time,
the complete classification of atrophic gastritis is absent. Lahner et al[2] mention autoimmune atrophic
gastritis other than H. pylori-induced atrophic gastritis. There are very few modern publications on the
topic of reflux-induced atrophic gastritis. Gad Elhak ef al[3] revealed that after cholecystectomy, the
incidence of reflux-induced atrophic gastritis increases, and the incidence of H. pylori-associated gastritis
decreases. Nishidoi et al[4] found a relationship between resection of the stomach of male Wistar rats
and the incidence of remnant stomach carcinoma. Moreover, the larger part of the stomach was
removed, the more often carcinoma of the stomach remnant developed. The pathway of carcinogenesis
in this case is considered duodeno-gastric reflux, especially bile acid reflux. Histologic examination of
the gastric mucosa revealed atrophic gastritis. Bile acid reflux contributes to the development of
atrophic gastritis and increases the incidence of intestinal metaplasia of the gastric mucosa[5].

Japanese authors Toyoshima et al[6] proposed an integral system for stratification of the risk of gastric
cancer development, including the Kyoto classification of gastritis and neutrophil activity which was
scored according to the updated Sydney System using biopsy samples obtained from the greater
curvature of the corpus and the antrum. The Kyoto classification is based on the following scoring
criteria: Atrophy, intestinal metaplasia, enlarged folds, nodularity, and diffuse redness ranging from 0
to 8. This is a visual endoscopic rating. The morphological assessment is restricted only by neutrophil
activity scoring in a small number of biopsy specimens taken by means of the Sydney system.
Histological evaluation of the mucosal atrophy and intestinal metaplasia is absent.

The integrated assessment of the risk of developing stomach cancer using the updated Kimura-
Takemoto classification of atrophic gastritis has many possibilities because biopsy specimens are
available in optimal numbers. There are five biopsy specimens for the gastric corpus and one for the
antrum. Each biopsy specimen represents the stage of gastric mucosal atrophy from C1 to O2[7]. The
Kyoto global consensus states that severe mucosal atrophy has a high risk of gastric cancer, while mild
to moderate atrophy has a low risk[1]. The updated Sydney system takes into account two types of
multifocal atrophic gastritis: Antral atrophic gastritis and corpus atrophic gastritis[8-13]. The updated
Kimura-Takemoto classification of atrophic gastritis considers five histological types of multifocal
corpus atrophic gastritis according to stages C2 to O3. This method of morphological diagnosis of
atrophic gastritis increases sensitivity by 2.4 times for severe atrophy compared to the updated Sydney
system. This advantage should be considered when stratifying the high risk of gastric cancer[7].

NON-INVASIVE SEROLOGICAL SCREENING FOR MULTIFOCAL ATROPHIC GASTRITIS

Endoscopic and morphological diagnosis of atrophic gastritis cannot be used for a large number of the
population. Non-invasive serological screening for atrophic gastritis is essential at the first step in the
prevention of gastric cancer. The search for effective serological markers of gastric mucosal atrophy is a
very long process. Modern methods for the detection of atrophic gastritis and risk of gastric cancer
using gastrin-17 (G-17), pepsinogen-I (PG-I), and the ratio of PG-I/PG-II are not perfect. Development
of markers for atrophic gastritis and risk of gastric cancer continues[9,14-20]. Uniform criteria for
assessing the concentration levels of the markers G17, PG1, PG2, and PG1/PG2 ratio are not defined
when using by various authors. The location of gastric mucosal atrophy (antral atrophic gastritis, corpus
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atrophic gastritis, and multifocal atrophic gastritis) is not taken into account when using serological
levels and other criteria to assess the severity of atrophy. The updated Sydney system was used in all
morpho-functional studies as a reference method. At the same time, it does not have sufficient
sensitivity to detect multifocal atrophic gastritis[7,21-28].

USE OF COMPUTER DATA PROCESSING TO RISK STRATIFICATION OF GASTRIC
CANCER

The use of machine processing can improve the efficiency of finding markers. Kotelevets CM and Chekh
SA selected three markers of gastric mucosal atrophy from 47 factors associated with atrophy using
computer data processing in 360 patients. In addition, serological criteria for mild, moderate, and severe
atrophy were determined for the gastric antrum and corpus. These criteria were used for screening of
about 5000 patients. Patient data, including personal data, were recorded in the registry after obtaining
informed consent. Then, depersonalized referrals for serological testing were issued to the patient.
Blood samples are stored at low temperature (-20 degrees Celsius). The analysis is performed on an
enzyme immunoassay analyzer, which has 96 cells. Five of them are used for calibration samples, and
the rest are used for patient samples. The optical density values are entered into the program, where the
concentration values are calculated taking into account the calibration samples. Concentration values
can be entered directly if the instrument used provides calibration (Figure 1). The time for obtaining
optical densities on an enzyme immunoassay analyzer is 3.5 h. The researcher enters the year of birth
and gender for each patient, and receives recommendations from the program (adjust them if
necessary). The results are given to the patient in printed form, indicating the patient's full name, and
affixing a signature and seal (Figures 2 and 3). This screening technique was presented in detail at the
Third Congress of Therapists of the North Caucasian Federal District (Stavropol, May 19, 2016). This
approach allowed to save the lives of patients with precancerous gastric disease[29,30]. Machine
processing allows to reduce the fuzziness and randomness in data handling and thus can serve as the
primary choice for obtaining results and big data analysis to make informed decisions. Artificial
intelligence and Bidirectional Deep Neural Networks (BiDEN) are increasingly used for stratification of
risk of gastric cancer development. Modern information technologies make it possible to obtain
numerous multiomics data during screening of atrophic gastritis[29-33]. They are also used to evaluate
data obtained from endoscopic and histological findings from initial endoscopy, barium double-contrast
radiography of the upper gastrointestinal tract, and endoscopic three-dimensional (3D) reconstruction
of the mucosal surface[34-36].

PERSPECTIVE FOR SEROLOGICAL SCREENING FOR ATROPHIC GASTRITIS

Due to the limitations of the endoscopic method of examining the stomach, a full-fledged endoscopic
screening for atrophic gastritis and precancerous changes in the gastric mucosa in the population is not
possible[37]. The Kyoto global consensus states that serological tests are useful for risk stratification of
gastric cancer[1]. Therefore, it seems useful to include a section on serological screening for atrophic
gastritis in the Kyoto classification of gastritis. For many years, the best markers of atrophic gastritis,
precancerous changes, and the risk of gastric cancer have been PG-1, PG-2, G-17, the ratio of PG-1/PG-2,
and antibodies to Helicobacter pylori (H. pylori). This has been confirmed by numerous multicenter
studies and meta-analyses[37-46]. The current analysis is carried out, first of all, regarding the
economics of serological screening for atrophic gastritis and precancerous changes in the gastric mucosa
and determining the risk of gastric cancer. The main requirement for any screening is the availability of
implementation in a large population. The cost should be low and the method should be non-invasive.
These conditions are met by serological screening using markers PG-1, PG-2, G-17, the ratio of PG-
1/PG-2, and anti-H. pylori IgG[47-49]. The effectiveness of serological screening of atrophic gastritis is
significantly increased if serological markers are used that allow to differentiate between mild,
moderate, and severe mucosal atrophy. The use of such markers by means of computer data processing
made it possible to save more than four lives within seven years in a group of 2220 people[28,29].

PATHOLOGICAL ASPECTS OF USE OF CLASSIFICATIONS OF GASTRITIS

Accurate diagnosis of chronic atrophic gastritis is of critical importance in monitoring stomach cancer,
which remains the leading cause of death of cancer patients worldwide. According to the International
Agency for Research on Cancer (IARC) GLOBOCAN project, worldwide, there were 1033701 new cases
of gastric cancer (representing 5.7% of all cancer cases diagnosed)[50]. Gastric carcinogenesis is a
complex multifactorial process. Currently, obvious evidence has been obtained about the main role of H.
pylori in the development of gastric cancer[51]. H. pylori was declared a class 1 carcinogen by the World
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Figure 1 Calculation of laboratory parameters by optical density.
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Health Organization committee of experts, even though the final mechanism of H. pylori-associated
carcinogenesis has to be studied[52]. The main events in the pathogenesis of gastric cancer include the
interaction of H. pylori virulent factors, environmental factors, and genetically determined sensitivity of
the patient's organism. At least 70% of cases of non-cardiac gastric cancer are associated with the
consequences of H. pylori infection[53]. It is also known that the risk of developing gastric cancer in H.
pylori-infected subjects is significantly (from 6 to 25 times or more) higher than that in uninfected[54].
Gastric cancer is divided into two main types according to the Lauren classification - intestinal and
diffuse. Intestinal gastric cancer, in accordance with the Correa paradigm[55], occurs through the
sequential development of a cascade of pathological changes, starting with gastritis, followed by the
appearance of atrophy, intestinal metaplasia, dysplasia, and finally, adenocarcinoma. Diffuse gastric
cancer occurs de novo, without obvious previous histological changes in the gastric mucosa[56]. Both
types of gastric cancer are characterized by the clear association with H. pylori infection[57]. H. pylori
infection usually occurs in early childhood, and there is global interest to determine the age period from
which it makes sense to carry out H. pylori eradication as a preventive measure for the development of
gastric cancer - the so-called “point of no return” of precancerous changes in the gastric mucosa. An
increased risk of developing gastric cancer in chronic H. pylori infection is associated with increased
proliferation of gastric epithelial stem cells, and this increase occurs in two ways: As a response to
damage to the gastric mucosa requiring intensive regeneration, and as a direct consequence of activation
of intraepithelial signaling pathways associated with accelerated cell division. Studies of the surgical
material of resected stomachs carried out in the first half of the last century showed that in cases of
gastric cancer, there was always detected chronic gastritis of greater severity than in cases of peptic
ulcer disease[58]. The researchers also noted that the foci of adenocarcinoma were more often found in
areas of chronic inflammation, especially in atrophic gastritis. The advantage and necessity of
histological examination are that it reveals causative relationships in the pathogenesis of H. pylori-
associated gastric mucosal injury, establishing the presence of bacteria and the consequences of an
inflammatory response to the infection as a cascade of changes, starting with acute inflammation,
followed by transformation into a chronic course, with further disruption of regeneration processes in
the form of atrophy, metaplasia, dysplasia, and finally, tumor growth. This defines the histological
examination of gastric specimens as diagnostic “gold standard”[59-61]. At the same time, the problems
of histological examination remain, such as sampling (the number and site of biopsies), the staining
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methods, and the pathologist's experience[61-64]. Although atrophy and intestinal metaplasia (IM) are
independent stages of the Correa cascade, they are often detected simultaneously. Atrophy is defined by
most pathologists as the loss of specialized glandular tissue (for example, the loss of the main gastric
glands in the stomach corpus mucosa)[65]. Atrophy is usually detected in the form of a multifocal or
diffuse process, and in the cases of atrophy of the oxyntic mucosa, one can reveal the appearance of
mucous glands characteristic of the antral mucosa - the so-called pseudopiloric metaplasia (PM)[58]. IM
is the replacement of the original gastric glands with intestinal crypts lined with absorbent and goblet
cells, in combination with inflammatory infiltration of the mucosal lamina propria[65]. According to
studies, PM correlates more closely with the presence of gastric cancer than IM, and may be a precursor
of neoplastic changes[66]. One of the possible explanations for the relationship between the loss of
parietal cells in atrophic gastritis and the development of metaplastic changes is the fact that the loss of
parietal cells is associated with a decrease in the levels of signaling molecules modulating the growth
and differentiation of stem cells of the gastric mucosa, which leads to increased proliferation and
accumulation of undifferentiated progenitor cells[67]. Among such signaling molecules, there is a family
of Sonic hedgehog (SHH) proteins, which are considered one of the key regulators of growth and differ-
entiation of a wide range of tissues during embryogenesis. Inmunohistochemical studies have shown
that SHH is expressed by parietal cells[68], and SHH levels are reduced in patients with atrophic
gastritis[69]. Experimental studies have shown that SHH-deficient mice developed IM in the gastric
mucosa[70]. In acute pharmacological ablation of parietal cells, rapid and reversible development of PM
was observed[71]. There are three categories of IM based on the structure of the crypts formed and the
type of mucin. Type I (or complete type of) IM resembles a small intestinal mucosa in structure, while
enterocytes, Paneth cells and goblet cells containing sialomucins are detected in direct crypts. Type III
IM resembles a large intestinal mucosa: Columnar epithelial cells containing sulfomucins are found in
the convoluted crypts. Type Il is an incomplete small intestinal metaplasia without Paneth cells, or there
can be the mixture of the first and third types. Type III IM is considered to be more precancerous. Thus,
in a prospective study of 1281 patients, Filipe ef al[72] found that with the development of type III IM,
the risk of developing gastric cancer is increased by 3.8 times compared to type I IM. Despite the fact
that atrophy and IM often accompany each other in patients with chronic gastritis, these conditions
represent two different processes. The mechanisms of development of these two conditions continue to
be studied. It is important that the pathologists separately evaluate the severity of gastric atrophy and
IM, with the interpretation of the degree of their progression. The mechanism of IM development is
caused in general by an impairment of differentiation of gastric mucosal proliferating stem cells. In
particular, the differentiation of these cells is regulated by the homeobox genes, Hox and ParaHox
clusters containing the Pdx1, Cdx1, and Cdx2 genes. The latter seem to be the most important in the
expression of the small-intestinal phenotype, unlike Cdhl genes, whose expression is realized in the
direction of the large-intestinal phenotype[73]. The Cdx2 protein is not found in the normal gastric
mucosa, but is expressed in the IM sites, as well as in the cases of Barrett's esophagus. The mechanism of
induction of Cdx2 gene expression in chronic gastritis has to be elucidated. After the development of
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RESULTS OF SEROLOGICAL SCREENING FOR GASTRIC PRECANCER
(ATROPHIC GASTRITIS)

Hospital name : ........

Patientdata: ........

Sample number - 68
Gastrin — 17 - 0 pmol/l
Pepsinogen — 1 - 0 mkg/l

Anti — H. Pylori Ig - 116 EIU

You urgently need to do an esophagogastroscopy and visit a
gastroenterologist with a conclusion.

You are recommended anti-Helicobacter therapy in accordance with the
Maastricht Consensus, in the absence of allergies to medications.

Doctor's signature : //»/L/J' é

Date of issue of the document : March 15, 2010
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Figure 3 The conclusion of the patient after serological screening.
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IM, according to the Correa cascade, dysplasia develops in the gastric mucosa, and the mechanism of
this transition also remains unclear. The concept proposed by Correa in 1975[74] is generally accepted,
according to which the metaplastic epithelium itself is a precursor of neoplasia. An alternative
hypothesis suggests that IM is nothing more than an adaptive process in response to chronic damage.
IM foci may be surrounded by areas of enhanced apoptosis, while apoptosis in the IM foci is reduced
[75]. This is due to the expression of trefoil peptides that reduce apoptosis and stimulate differentiation
in the direction of IM. The progression of gastric carcinogenesis is stimulated by the accumulation of
genetic changes, which, in particular, manifest themselves at the chromosomal level. The molecular
changes underlying these precursor processes require further study. The increased risk of developing
gastric cancer may also be due to other factors that occur during the development of atrophic gastritis.
These factors may include constantly enhanced cellular renewal in the atrophic mucosa, enhanced
mutagenesis due to high levels of nitrites, and reduced levels of ascorbic acid in the gastric juice of these
patients. Another proposed mechanism is based on the hypothesis that hydrochloric acid production
may have a protective effect against gastric carcinogenesis. In the atrophic mucosa, a decrease in
hydrochloric acid production leads to a decrease in purification from anaplastic cells in areas of micro-
injury and the development of carcinoma in situ[76]. The unification of the assessment of inflammatory
damage, atrophy, and IM in H. pylori-associated gastritis by means of a visual-analog scale was carried
out in the Sydney system and its Houston modification[77]; however, it did not allow assessing the
prognosis of damage and seemed to some researchers too weighty for use in routine diagnostics. In
April 2005, in Parma, an international group of researchers, including gastroenterologists and
pathologists [Operative Link for Gastritis Assessment (OLGA)], made a critical revision of the modified
Sydney system[78]. OLGA experts concluded that since the risk of developing gastric cancer is directly
related to the prevalence of gastritis and atrophy of the gastric mucosa, it is necessary to develop a
system for assessing the stage of atrophic gastritis, which would ensure the determination of the
prognosis and possibly, the tactics of the gastroenterologist. The proposed staging system combines
indicators of atrophy in the stomach corpus and antrum, by using a visually analog scale of the
modified Sydney system. Such a scheme will allow the clinician to get an idea of the prevalence of
damage to the gastric mucosa and the degree of risk of developing gastric cancer in the specific patient.
Also, very reliable associations can be obtained in the diagnosis of atrophic gastritis by endoscopy using
the Kimura-Takemoto system, the results of which also correlate quite satisfactorily with histological
data. The accuracy of endoscopic diagnosis of atrophic gastritis by means of the Kimura-Takemoto
system was proven by many research groups, and we also established high levels of its sensitivity and
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specificity in our studies[7]. Finally, in 2013, the Japan Gastroenterological Endoscopy Society advocated
the Kyoto classification, a new grading system for endoscopic gastritis. The classification is described
above in this article. Ongoing studies indicate the usefulness of the Kyoto classification. For example,
Toyoshima et al[79] accessed the association between the Kyoto classification and updated Sydney
system score by comparison of endoscopic and pathologic (histologic) data. All endoscopic findings in
the Kyoto classification for gastritis were associated with high scores of pathological inflammation (i.e.,
neutrophil activity and chronic inflammation) in both the corpus and antrum. Endoscopic atrophy and
intestinal metaplasia were associated with high scores of pathological atrophy and intestinal metaplasia
in both the corpus and antrum. Nodularity was associated with a low score of pathological intestinal
metaplasia in the antrum. Thus, endoscopy by means of the Kyoto classification is very close to the real
state of affairs, and yet, it is strongly recommended to be accompanied with histology of the gastric
mucosa in patients with chronic atrophic gastritis, especially when the precancerous changes are
revealed by endoscopy. It should be noted that the histological assessment of the gastric mucosa both by
the modified Sydney system and by OLGA (Operational Link for Gastritis Assessment), or by Kimura-
Takemoto classification is significantly limited by the number of biopsies and by the site of the biopsy.
All three classifications use the same standard for taking a biopsy. Three biopsies (including incisura
angularis) allow to characterize and evaluate the antral mucosa (the lesser functional part of the
stomach), which reflects the morphological state of only the initial stage of the atrophic process
according to Kimura-Takemoto - C1. Only two biopsies from the Sydney system remain to assess the
stage of the atrophic process in the largest functional part of the stomach - the body, analogous to the
respective grades of Kimura-Takemoto visual endoscopic classification (C2, C3, O1, O2, and O3). The
updated Kimura-Takemoto classification of atrophic gastritis has much greater diagnostic capabilities
and possibilities for stratifying the risk of gastric cancer. According to this technique, it is necessary to
take six biopsies in accordance with C1 to O3 grades. Each biopsy allows stratifying the risk of gastric
cancer from low to high at each stage: C1 - O3, according to the degree of histological atrophy from
mild to severe[7].

CONCLUSION

The practical significance of the classification of stomach diseases is the prevention of stomach cancer,
since this malignancy is the third most common cause of cancer death (782685 cases in 2018) among all
oncological diseases[80]. The main advantage of the Kyoto classification is that it contains a detailed
section on the etiology of gastritis. In the section of chronic atrophic gastritis, only mild to moderate
atrophy of the stomach and severe atrophy of the stomach are distinguished[1]. This is not enough to
effectively stratify the risk of stomach cancer. For effective practical use of the Kyoto classification of
gastritis, it is advisably to supplement it with at least three more sections.

At the initial stage of gastric cancer risk stratification, serological screening for atrophic gastritis
should be used. When using serological markers of atrophic gastritis, it is necessary to take into account
the serological criteria for mild, moderate, and severe atrophy of the antrum mucosa and the stomach
body[28].

At the second stage, it is necessary to carry out endoscopic screening among patients with atrophic
gastritis who were identified at the stage of serological screening. Since the Kyoto classification of
gastritis based on endoscopy and the pathological topographic distribution of neutrophil infiltration
correlate with the risk of stomach cancer, endoscopic screening should be carried out taking into
account the Kyoto endoscopic classification scale[6].

At the final diagnostic stage, it is necessary to carry out histological diagnosis of multifocal atrophic
gastritis in accordance with the updated Kimura-Takemoto classification of atrophic gastritis[7].

Only the integral approach to creating an effective classification of gastric pathology based on
morphology will allow to achieve the overall goal of preventing stomach cancer by means of more
accurate identification and morphological monitoring of severe atrophic gastritis (stomach precancerous
condition).
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