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Zusammenfassung

Hintergrund: Der Subtyp und das Ausmal} der intestinalen Metaplasie (IM) im
Magen kann fir die Risikostratifikation bei Patient*innen mit prakanzerdsen
Magenlasionen herangezogen werden. Der inkomplette Subtyp und eine
ausgedehnte IM sind mit einem erhdhten Risiko fur Magenkrebs verbunden.
Zielsetzung: Diese Diplomarbeit untersuchte die Interobserver-Variabilitat in der
Typisierung der IM (komplette versus inkomplette IM) in der histologischen
Diagnose von Patienten mit chronischer Gastritis. Als sekundares Ziel wurde die
Interobserver-Variabilitdt in der prozentualen Schatzung des Ausmalies der IM
analysiert. Faktoren mit potenziellem Einfluss auf die histologische Begutachtung
und die klinischen Konsequenzen von Fehlklassifikationen wurden evaluiert.
Methode: Neun internationale Expert*innen fiur gastrointestinale Pathologie
beurteilten 46 Falle mit kompletter, inkompletter oder gemischter IM auf gescannten,
mit Hamatoxylin und Eosin gefarbten Objekttragern. Die Ergebnisse wurden mit der
von zwei weiteren Experten erstellten Konsensdiagnose verglichen. Die
Interobserver-Variabilitdt wurde unter Verwendung der Kappa-Statistik bestimmt.
Zusatzlich wurden alle elf Expert*innen Patholog*innen in die Berechnung der
Interobserver-Variabilitdt in der prozentualen Schatzung des Ausmalies der IM
einbezogen. Die Ubereinstimmung zwischen den Beobachtern wurde mit dem
Intraclass-Korrelationskoeffizienten (ICC) getestet.

Ergebnisse: Die Ubereinstimmung der Patholog*innen mit der Konsensdiagnose
in der Unterscheidung einer Uberwiegend kompletten versus einer Uberwiegend
inkompletten IM lag zwischen 78% bis 98 %. Die Kappa-Statistik zeigten einem
moderaten bis nahezu perfekten Grad an Ubereinstimmung (gewichtetes
Kappa=0,464-0,984). Die Gesamtubereinstimmung aller elf Pathologen kann als
substanziell klassifiziert werden (Fleiss' Kappa=0,716, 95% Konfidenzintervall:
0,677-0,755). Fehlklassifikationen mit Auswirkungen auf die klinische
Entscheidungsfindung traten in 19 von 333 (5,7%) histologischen Bewertungen auf.
Die Ubereinstimmung in Fallen mit reiner IM war signifikant héher als in Fallen mit
IM vom Mischtyp (p=0,010). Pathologen, die die Subtypisierung in der taglichen
Routine anwenden, schnitten besser ab als diejenigen, die dies nicht tun (p=0,040).
Die Ubereinstimmung in der Schatzung des prozentualen AusmaRes der IM war
sehr gut (ICC 0,983, 95% Konfidenzintervall: 0,975-0,990).
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Schlussfolgerung: Zusammenfassend lasst sich sagen, dass die Subtypisierung
und die prozentuale Schatzung des Ausmales der IM auf Hamatoxylin- und Eosin-
gefarbten Objekttragern mit hoher Ubereinstimmung von gastrointestinalen
Expert*innen-Patholog*innen durchgefuhrt werden kann. Die Einfuhrung der
Subtypisierung der IM als risikostratifizierendes Instrument in den aktuellen
Praxisleitlinien der European Society of Gastrointestinal Endoscopy (ESGE) und
der American Gastroenterological Association (AGA) war im Rahmen dieser Studie
mit einer geringen Rate an Fehlklassifizierungen verbunden. Diese Diplomarbeit
bildet die Grundlage fur kunftige Forschung auf diesem Gebiet, zum Beispiel durch
Ausweitung der Studie auf allgemeine Patholog*innen, und fur eine mogliche
EinfUhrung der prozentualen Bestimmung des IM Ausmales in den jeweiligen
Leitlinien flir das Management von Patient*innen mit prakanzerésen

Magenlasionen.
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Abstract

Background: Extensive gastric intestinal metaplasia (GIM) and the incomplete
subtype are associated with an increased risk of gastric cancer. The extent and
subtype of GIM may therefore be utilized in the risk stratification of patients with
gastric precancerous lesions.

Aims: This diploma thesis aimed to examine the interobserver variability of
subtyping GIM (incomplete versus complete) in the histological diagnosis of patients
with chronic atrophic gastritis. As a secondary objective, interobserver variability in
the estimation of the percental extent of GIM was investigated. Parameters with
potential impact on the assessment and the clinical consequences of
misclassification were evaluated.

Methods: Nine international gastrointestinal expert pathologists assessed 46 cases
with complete, incomplete or mixed-type GIM on scanned haematoxylin and eosin-
stained slides. Results were compared with the consensus diagnosis driven by two
experts. Interobserver variability was evaluated by applying kappa statistics.
Additionally, all eleven pathologists were included in a secondary analysis on the
interobserver variability of estimating the overall percental extent of GIM.
Interobserver agreement was calculated with the intraclass correlation coefficient
(ICC).

Results: Regarding the predominant GIM pattern (predominant complete versus
predominant incomplete GIM), the agreement between each observer and the
consensus diagnosis ranged from 78% to 98%. Kappa statistics showed a moderate
to almost perfect level of agreement (weighted kappa=0.464-0.984). The overall
agreement of the participating pathologists can be classified as substantial (Fleiss’
kappa=0.716, 95% confidence interval: 0.677-0.755). Misclassification with impact
on clinical decision-making occurred in 19 out of 333 (5.7%) of case ratings.
Agreement in cases with pure GIM was significantly higher than in cases with mixed-
type GIM (p=0.010). Pathologists who apply subtyping in daily routine performed
better than those who do not (p=0.040). The interobserver agreement in estimating
the percental extent of GIM was very good (ICC 0.983, 95% confidence interval:
0.975-0.990).

Conclusion: In conclusion, subtyping and estimating the percental extent of GIM

on haematoxylin and eosin-stained slides can be achieved with high interobserver
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agreement among gastrointestinal expert pathologists. The implementation of GIM
subtyping as a risk-stratifying tool in current practice guidelines by the European
Society of Gastrointestinal Endoscopy (ESGE) and the American
Gastroenterological Association (AGA) carried a low rate of misclassification within
this study. This diploma thesis provides the basis for future research in the field,
e.g., by expanding the evaluation to general pathologists in a nation-wide setting,
and for the potential implementation of percental GIM assessment in the respective

guidelines on gastric precancerous lesions.
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1. Introduction

1.1 Background

Gastric cancer (GC) remains the worldwide third leading cause of cancer-related
mortality and represents the fifth most common cancer (1). In 2020, GC was
responsible for more than one million new cancer cases and for approximately
760,000 deaths (1). Helicobacter pylori (HP) infection and chronic atrophic gastritis
stand at the beginning of a multi-step cascade to GC (2). Early detection of
precancerous lesions facilitates less invasive treatment and may reduce the global
burden of GC and its mortality (3-7). Therefore, clinicians have recently published

guidelines on the management of gastric precancerous lesions (8).

1.2 Gastritis

The World Health Organization (WHO) defines gastritis in the International
Statistical Classification of Diseases and Related Health Problems (ICD) as an injury
of the gastric mucosa involving epithelial damage, mucosal inflammation, and
epithelial cell regeneration except any epithelial defect (9). The diagnosis of gastritis
is made after endoscopic and histological examination of the gastric mucosa
(10,11).

To date several systems to classify gastritis exist (Table 1). In ICD-11, the
WHO classifies gastritis based on its aetiology and pathophysiological genesis (9).
The international recognized Sydney classification on gastritis (11) recommends
reporting the diagnosis of gastritis by providing and synthesizing information on
etiological, topographical and morphological aspects of the biopsy specimen. The
aim of this classification was to establish reproductive and useful histological

diagnoses when reporting gastritis in endoscopic biopsies (11).
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Table 1: Classification systems of gastritis. Modified after Dixon et. al. (11) and
the World Health Organization (9).

International Statistical The updated Sydney System (11)
Classification of Diseases and
Related Health Problems ICD-11 (9)

- Autoimmune gastritis - Non-atrophic
- Helicobacter pylori induced - Atrophic
gastritis Autoimmune
- Eosinophilic gastritis Multifocal atrophic
- Lymphocytic gastritis - Special forms
- Allergic gastritis Chemical
- Gastritis due to duodenogastric Radiation
reflux Lymphocytic

- Menetrier disease Non-infectious

- Gastritis of unknown aetiology
with specific endoscopic or
pathological features

Granulomatous
Eosinophilic

- Gastritis due to external causes Other infectious gastritides

- Gastric phlegmon

1.2.1 Diagnostic aspects

For the diagnosis of gastritis, the Sydney classification (11) recommends taking at
least five biopsy specimens: two from the greater and lesser curvature of antrum
and corpus and one from the incisura angularis. If further lesions are found, they
should be biopsied as well (11). Biopsies from different topographical sites should
be preserved and labelled in separate vials (11). Information on medication,
especially on the intake of non-steroidal anti-inflammatory drugs (NSAIDs), proton
pump inhibitors and antibiotics, as well as a short description of focal endoscopic
lesions should be provided by the endoscopist (11). Special staining for HP should
be undertaken before declaring an inflamed biopsy specimen as HP-negative (11).
In the diagnosis of HP gastritis, the following features should be graded with the
help of visual analogue scales according to their severity into normal (0), mild (1),
moderate (2) and marked (3): presence of HP, atrophy in antrum and corpus,
presence of neutrophils (“activity of gastritis”) and mononuclear cells (“chronicity of

gastritis”), and gastric intestinal metaplasia (GIM) (11).
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“Grading” and “staging” of gastritis is important in order to enable proper risk
stratification for patients at risk of GC (12,13). “Grading” refers to measuring the
amount of mononuclear and granulocytic inflammatory infiltrate, whereas “staging”
refers to assessing the extent of atrophy with or without metaplastic changes (12).
The “Atrophy 2000 Club” proved a high level of interobserver agreement for
categorizing chronic gastritis into three categories: indefinite for atrophy, atrophic or
non-atrophic chronic gastritis (14). At a later date, histological staging systems such
as the Operative Link on Atrophy Assessment (OLGA) (15) and the Operative Link
on Intestinal Metaplasia Assessment (OLGIM) (16) have been introduced for the

purpose of GC risk stratification.

1.2.2 Autoimmune gastritis

Autoimmune gastritis is a chronic progressive condition, in which cluster-of-
differentiation-4 T-cells target the H+/K+-ATPase of the gastric parietal cells (17-
21). This autoimmune process results in parietal cell loss, mucosal atrophy and
metaplasia and may also be triggered by a longstanding HP infection (17-21). It is
estimated that approximately 1-2% of the population is affected, with peaks of 4-5%
among females at a higher age (17,20). Autoimmune gastritis can be categorized
into different histological stages: In an early phase, the lamina propria is infiltrated
by focal lymphocytes, eosinophils (17) and plasmacytes causing to glandular
destruction (17,20,22,23). The inflammatory infiltrate is found predominantly in the
basal glandular epithelium (17,20,23). Parietal cells may be replaced by
pseudopyloric metaplasia (22). The inflammation persists in the florid phase with
lymphocytes causing further atrophy (22). Parietal cells are replaced by intestinal
and/or pseudopyloric metaplasia (17,24). The last phase represents diffuse chronic
atrophic gastritis with multifocal GIM (17,22). Additionally, pancreatic acinar cell
metaplasia might be a common finding (24) strongly suggesting an autoimmune
pathogenesis (25). The antrum mucosa is usually not affected (22-24) or shows
solely minor inflammatory changes (11,24). The loss of parietal cells leads to
achlorhydria (11,20) which may result in neuroendocrine cell hyperplasia (11,20,23)
and carcinoids (20,22). Further complications include the development of a
hyperplastic polyp (20), of a pseudopolyp (20), of a pyloric gland adenoma (20), of
dysplasia of the epithelium (17), of GC (17,20) and of pernicious anaemia,

respectively (11,20). The diagnosis of autoimmune gastritis relies on the distinctive

17



histological features and on the detection of autoantibodies against intrinsic factor

and parietal cells (20).

1.2.3 Helicobacter pylori gastritis

HP represents the major causative agent of gastritis, in particular of chronic atrophic
gastritis (10-12). Persistent infection with HP can lead to gastric and duodenal ulcer
disease, pernicious anaemia, gastric mucosa-associated lymphoid tissue (MALT)
lymphoma and GC (10,26-28). In order to minimize the risk of GC, HP eradication
is recommended ideally before premalignant lesions such as atrophy and GIM occur
(10).

Countries with the highest HP prevalence are Latin America and the
Caribbean, whereas Northern America shows the lowest prevalence (29). In Asia
and Europe prevalence rates differ greatly among countries. The highest rates are
observed in Kazakhstan and Serbia, the lowest rates in Indonesia and Belgium (29).
Different socio-economic and environmental factors across these countries could
explain this broad range of prevalence (29). The prevalence of HP is declining in
industrialized countries (20,30), including the high prevalence country Japan (31),
inter alia due to adequate eradication therapy (30,31).

HP gastritis either presents as non-atrophic gastritis or multifocal atrophic
gastritis (11). In cases with non-atrophic gastritis, inflammation is located
predominantly within the antrum or is equally distributed between antrum and corpus
and lacks glandular atrophy (11). In the Western World the most common pattern of
HP gastritis is the antral-predominant non-atrophic gastritis (12). If atrophy is
detected, it is usually restricted to the antrum (12). The severity of inflammation in
multifocal atrophic gastritis is similar in the antrum and the corpus with patches of
atrophy and GIM forming particularly around the incisura angularis (11). These
patches may expand further proximally and distally until they confluence (11).
Multifocal atrophic gastritis and atrophic pangastritis are more likely to occur in
countries with lower sanitary standards such as Southern and Eastern Asia, Latin
America and to some extent Central, Eastern and Southern Europe (12) and are
most likely due to persistent HP infection (21). However, there are still exceptions
such as Japan, a country with one of the highest prevalence of atrophic gastritis and
GC (12). Of note, multifocal atrophy and diffuse chronic gastritis can not only appear

in individuals with HP gastritis but also in HP-negative cases or in previously infected
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individuals (11). They can be a consequence of chronic bile reflux, NSAID intake or
mucosal damage due to dietary factors, i.e., chemical gastritis or reactive
gastropathy (11). In a study from Austria (24), post-HP gastritis occurred more
frequently than active HP gastritis. Post-HP gastritis is defined as mild, non-active,

chronic inflammation, with or without lymphoid aggregates and GIM (24).

1.2.4 Reactive gastropathy

The most common type of gastritis found in Austria is reactive gastropathy which
can occasionally be found in combination with post-HP gastritis (24). In general,
reactive gastropathy represents the most common type of gastritis in Western
countries (32,33). This distinct entity was first described by Dixon et al. as “reflux
gastritis” (34). The Sydney classification refers to it as “chemical gastritis” (11). The
term reactive gastropathy is favourably used by authors who want to emphasize that
this entity originates from regeneration in the gastric mucosa rather than from
inflammation (11). Main causes of this entity are duodenal-gastric reflux or the intake
of NSAIDs or ethanol (11). Morphological features include foveolar hyperplasia,
oedema of the lamina propria, vasodilatation and congestion of superficial mucosal
capillaries and ascending interfoveolar smooth muscle fibres (11,34). Other key
features are the lack of neutrophils and few to no chronic inflammatory cells (11,34).
Of note, not all features have to be present in one patient and concomitant HP

infection can hide histological changes (32).
1.3 Gastric cancer

1.3.1 Epidemiology
The epidemiology of GC partly mirrors the epidemiology of HP infection (35). The

incidence of GC is highest in Eastern Asia and Eastern Europe, lower in Northern
America and Northern Europe and lowest in African regions. (1). In regions with high
GC incidence rates (Asia, South and Central America, Eastern Europe) 80% of all
gastric adenocarcinomas are located further distal in the stomach, especially around
the antral-pyloric region (35). On the contrary, in regions with lower incidence rates
(Northern Europa, United States of America (USA)) 50-60% of all gastric
adenocarcinomas are located in the cardia or fundus (35). Whereas intestinal-type

GC (36) is more common in high-risk populations, the diffuse type (36) is more
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frequent in low-risk populations (37). Some countries have reported a decrease in
the rate of intestinal-type GC with a respective increase in the incidence of diffuse
gastric adenocarcinoma (30,35,37). The increase in diffuse-type GC in adults
younger than 50 years was mainly observed in low-risk countries such as the USA
or UK with a low prevalence of HP infection (38). Increasing obesity among young
people was identified as a possible causative factor for the increase in the incidence
of cardia and diffuse-type GC within this age group (30,38-40). A population-based
study from the USA revealed that the overall incidence of GC and the incidence of
intestinal-type GC decreased from 1975 to 2015, whereas diffuse-type GC
significantly increased among 40-to 49-year-old individuals (30). Arnold et al. (38)
assessed global GC incidence trends and predicted a further decrease in the overall
incidence rates of GC, especially in high-incidence countries. Still, the absolute
burden of GC is set to remain stable, if not increase (38).

A significant male predominance in GC was noted in a study by Zamani et al.
(29), whereas no significant gender difference was noted in the prevalence of HP
infection. On the other hand, a meta-analysis by Ibrahim et al. (41) suggested a
higher prevalence rate of HP infection among men, potentially contributing to the

male predominance of GC.

1.3.2 Aetiology and pathogenesis

GC is a heterogenous and multifactorial disease (35,42). In 90% of cases, GC
occurs sporadic, whereas in 10% of cases it occurs within a familial or hereditary
setting (35). Hereditary diffuse GC can be caused by a germline mutation of the E-
Cadherin-(CDH1)-gen (37). The pathogenesis of sporadic diffuse GC is currently
unclear.

HP infection which leads to chronic atrophic gastritis in the antrum and
consequently spreads to the corpus, causing atrophic gastritis in both antrum and
corpus is the major risk factor for developing intestinal-type, non-cardia GC (2,13).
The Correa’s cascade describes the development of intestinal-type GC via an
inflammation-atrophy-metaplasia-dysplasia-sequence  (43,44). Although HP
infection is the starting point of this precancerous sequence, not everyone infected
with HP also develops GC (4,43). The severity of inflammation and its outcome
depend on environmental factors (Table 2), on the infecting HP strain and its

virulence factors as well as on the host genetics’ susceptibility (4,43).
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Table 2: Environmental agents with sufficient and limited evidence of gastric
carcinogenity. Modified after Carneiro et al. (35).

Agents with e Helicobacter pylori infection
sufficient evidence
of gastric
carcinogenicity

e Rubber manufacturing industry
e Tobacco smoking
e X-radiation and y-radiation

Agents with limited e Asbestos
evidence of gastric e EBV infection
carcinogenit
nogentty e Lead compounds, inorganic

¢ Nitrate or nitrite (ingested) under conditions that
result in endogenous nitrosation

e Pickled vegetables (traditional Asian)
e Salted fish, Chinese-style
e Consumption of processed meat

1.3.2.1 Environmental factors

Environmental agents that might contribute to the development of GC are presented
in Table 2. Excessive consumption of salty foods damages the mucosa, makes it
more vulnerable to HP and induces inflammatory changes (2). Within the process
of reparation, excessive cell replication can lead to an increased rate of endogenous
mutations (2). The prolonged inflammatory process may result in atrophy (2). The
associated loss of parietal cells leads to higher pH levels, promoting the growth of
anaerobic bacteria (2). Anaerobic bacteria can reduce dietary nitrite to nitrate.
Nitrate reacts with nitrogen-containing compounds in the gastric juice and forms
genotoxic N-nitroso agents (2,44). In addition to environmental influences,
endogenous factors such as activated macrophages and polymorphonuclear
leucocytes are also involved in reactions that generate mutagenic nitric oxide (NO)
(2). The mutagenic potential of NO might induce mutations of the tumour suppressor
gene TP53 (2). Nitrosoindoles, which are contained in Chinese cabbage or fava
beans, might promote carcinogenesis by inducing the ornithine decarboxylase
(2,44).

The transitional process from atrophy to complete GIM is promoted by the
loss of protective factors, that are, the intake and mucosal secretion of ascorbic acid,
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an important antioxidant (2). Therefore, a low intake of fresh fruit and vegetables,
which include ascorbic acid among other natural inhibitors of carcinogenesis, is
regarded as risk factor of GC (2). In advanced stages of the precancerous cascade,
carotenoids such as [3-carotenes function as free radical scavengers (2). They may
reduce the effect of carcinogens and prevent the development of dysplasia and early
GC (2). Excessive salt intake, however, may additionally increase the mutagenic
potential of nitrosated food at this stage (2). Other irritants that contribute to the
precancerous process include the ingestion of aspirin, tobacco smoking, alcohol

consumption and chronic bile reflux (2,43).

1.3.2.2 HP strains and virulence factors

Infection with cytotoxin associated antigen-(cag-A)-positive vacuolating toxin (vac-
A) s1m1 HP strains are associated with the development of precancerous lesions
and GC (4,43). Infection with cag-negative vac-A s2m2 HP strains can lead to
persistent non-atrophic gastritis and is not associated with an increased risk for GC
(43). Non-atrophic HP gastritis can either stay non-atrophic or enter the
precancerous cascade: non-atrophic gastritis = multifocal atrophic gastritis >
complete GIM - incomplete GIM - dysplasia - GC (43). Non-atrophic gastritis

can be cured by HP eradication therapy or may lead to duodenal ulcer disease (43).

1.3.2.3 Host genetics

In addition to environmental agents, the hosts’ genetic susceptibility plays a role in
the development of GC (45). Single nucleotide polymorphisms (SNPs) in immune-
related genes such as interleukin (IL)-1b, IL-1RC, tumour necrosis factor (TNF)-
alpha and IL-10 showed an increased risk for developing GC among HP infected
individuals (45).

On a molecular level certain events take place that contribute to different
stages in the pathogenesis of intestinal-type GC (45). These include somatically
acquired gene mutations, somatic copy number alterations, structural variants, and
changes in epigenetics and transcription (45). Due to the advance in discovering the
genetic and molecular pathogenesis of GC, new GC classification systems based
on genetics and molecular features have been established (35). The Cancer
Genome Atlas (TCGA) Research Network (46) proposed a classification of GC

including the following four subtypes: EBV-positive, microsatellite-instable (MSI),
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genomically stable and chromosomally unstable GC. The Asian Cancer Research
Group (ACRG) (47) classified GC into the following subtypes: MSI GC,
microsatellite-stable (MSS) with epithelial-mesenchymal transition gene signature
GC, MSS and TP53-active GC, and MSS and TP53-inactive GC. Although
molecular profiling gains on popularity, the clinical management of GC mostly still
relies on traditional histology and the Tumor Node Metastasis (TNM) staging system
(4,35).

1.3.3 Clinical features

Whereas early stages of GC may remain unnoticed by the patient, common
symptoms of advanced stages include dysphagia, vomiting, anaemia,
gastrointestinal bleeding, weight loss, fatigue, asthenia, indigestion, early
satisfaction of appetite or chest burn (48). Diagnosis of GC is made by endoscopic
examination and forceps biopsy. Abnormalities of the mucosa including
depressions, nodules or amorphous surfaces are suspicious for invasive neoplastic
processes (49). Besides forceps biopsy and excision of superficial lesions by
endoscopic submucosal dissection (ESD) and endoscopic mucosal resection
(EMR) for treatment and histological assessment (4,50), endoscopic ultrasound,
computed tomography (CT) with contrast agents, magnet resonance imaging or
fluorodeoxyglucose-positron emission tomography-CT may be used for staging
(35).

1.3.4 Macroscopy

1.3.4.1 Atrophy and metaplasia

Macroscopically, atrophic gastritis shows a thin lined smooth mucosa with the loss
of rugal folds. Severe atrophy features a translucent appearing mucosa with
prominent veins in the submucosa shining through (51). GIM does not show any
specific findings in endoscopy, gross features resemble the underlying disorder,

whereas GIM usually occurs in an atrophic stomach (51).

1.3.4.2 Dysplasia

Dysplasia presents as a polypoid, flat, or depressed lesion in endoscopic

examination that can be accompanied by erosions, ulcers or changes in colour
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tones (52). Polypoid, elevated, or flat dysplastic lesions may also be referred to as

intestinal-type gastric adenoma (52).

1.3.4.3 Gastric cancer

Early GC can be macroscopically classified into three types: (1) protruding, (2)
superficial (elevated, flat, or depressed) and (3) excavated GC. Protruding
carcinomas are defined as polypoid lesions protruding more than 3 millimetres
whereas excavated lesions show a deep depression (35). Advanced GC can be
macroscopically classified as polypoid mass, ulcerative tumour, infiltrative-

ulcerative tumour, or diffuse infiltrative tumour (35,53).
1.3.5 Histology

1.3.5.1 Atrophy and metaplasia

Gastric atrophy is characterized by the loss of the native glands in the gastric
mucosa, that are, oxyntic or mucus secreting glands (54). Gastric atrophy can be
either followed by fibrosis of the lamina propria or by metaplastic transformation,
i.e., intestinal metaplasia, pseudopyloric metaplasia or pancreatic metaplasia
(43,54,55). This metaplastic transformation evolves gradually and can be illustrated
by the changing mucin secretion and enzyme production of the transforming cell
(43,44). The term “complete GIM” emerged from the observation, that complete GIM
produces the same, “complete”, range of digestive enzymes like cells from the small
intestine do, i.e., sucrase, trehalose, leucine aminopeptidase and alkaline
phosphatase. However, these digestive enzymes are vanishing with progression to
“incomplete” GIM with sucrase disappearing at first and leucin aminopeptidase at
last (44). Normal gastric epithelial cells secret neutral mucins, which are stained
magenta with Periodic Acid Schiff (PAS) (43,56). Mucin core protein MUC5AC can
be found at the surface and MUCG6 in deeper glands of the gastric epithelium (43,56).
Cells with an intestinal phenotype secrete neutral mucins in combination with
sialomucins, .e.g., MUC2, or sialomucins alone (43,56). Sialomucins are stained
blue with Alcian-Blue (AB) at pH 2.4 (56). In incomplete or colonic-type GIM, cells
secret sulfomucins, which can be stained brown with high-iron diamine (HID)/AB
(56-58). Based on mucin staining patterns, Jass et Filipe (58) differentiated GIM into

three types, that is, type | as complete and types Il and lll as incomplete GIM.
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However, the traditional approach to differentiate GIM requires sulfomucin or
sialomucin staining, which is not performed in routine diagnostics (56,57).

Two types of GIM can be differentiated on haematoxylin and eosin (H&E)-
stained slides (Figure 1): Complete GIM shows well-developed goblet cells admixed
with eosinophilic absorptive enterocytes with brush borders at the surface and/or
Paneth cells at the base of the crypts (56,57). Incomplete GIM lacks absorptive
enterocytes and Paneth cells, but instead shows goblet cells with variable size
admixed with mucin-secreting columnar cells without brush border (56,57). Mixed

intestinal metaplasia can occur within a single biopsy (56).
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Figure 1: Subtypes of gastric intestinal metaplasia (GIM). (A) Complete GIM is
characterized by eosinophilic enterocytes with well-defined brush border admixed
with well-formed goblet cells (H&E, original x100). (B) Incomplete GIM shows goblet
cells of variable size and intervening mucin-secreting columnar cells (gastric
foveolar cells) without brush border (H&E, original x100). (C) Metaplastic
enterocytes and goblet cells in complete GIM at higher magnification (H&E, original
x200). (D) Goblet cells and intervening mucin-secreting columnar cells in incomplete
GIM at higher magnification (H&E, original x200). (E) Paneth cells are frequently
observed at the base of the crypts in complete GIM, note enterocytes with brush
border (arrow; H&E, original x150). (F) Mixed type with characteristics of complete
(arrow) and incomplete (asterisk) subtypes within a single biopsy (H&E, original
x100).
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1.3.5.2 Dysplasia

Gastric dysplasia represents the advanced stage in the gastric precancerous
cascade (43,44). It is defined as a neoplastic lesion within the gastric epithelium
without evidence of stromal invasion (54). On a histological level, the WHO classifies
gastric dysplasia based on its phenotype into five categories: (1) negative for
dysplasia/intraepithelial neoplasia (IEN), (2) indefinite for dysplasia/lEN, (3) low-
grade dysplasia/l[EN (low-grade adenoma), (4) high-grade dysplasia/lEN (high-
grade adenoma) and (5) intramucosal invasive carcinoma (52). Category 2
“Indefinite for dysplasia” is used for biopsy specimens that lack important
histological features for establishing the diagnosis of a neoplastic or dysplastic
lesion, mostly due to reactive or regenerative changes within severe inflammation
(52). Category 5 “Intramucosal adenocarcinoma” refers to neoplastic phenotypes
that show invasion of the lamina propria or muscularis mucosae (52). These
phenotypes feature distinctive structural abnormalities, including glandular
crowding, excessive branching and budding, necrotic debris within glands,
infiltration of single cells or irregular fusion of glands (52).

The grading of dysplasia determines the GC risk (59). In a prospective study,
15% of the patients with low-grade dysplasia showed progression, whereas 69% of
the patients with high-grade dysplasia developed invasive GC within 12 months of
follow-up (59). Grading is based upon nuclear atypia, mitotic activity, disruption of
architecture and cytoplasmic differentiation (52). Low-grade dysplasia shows
minimal disruption of mucosal architecture, mild to moderate atypia and elongated
(intestinal-type dysplasia) or round to oval (foveolar-type dysplasia), hyperchromatic
nuclei (52). Atypical nuclei are located at the basement membrane and polarity of
cells is maintained (52). High-grade dysplasia shows marked disruption of mucosal
architecture with marked distortion of glands, formation of back-to-back glands and
prominent atypia with enlarged, amphophilic nuclei (52). Atypical nuclei extend to
the luminal surface and there is loss of nuclear polarity, a high nuclear to cytoplasm

ratio, frequent mitosis, and overexpression of P53 (52).

1.3.5.3 Histological subtypes of gastric cancer

Several classification systems have been developed for the heterogeneous
histological phenotypes of GC (35). Two widely applied systems are the Lauren (36)

and the WHO classification (35). The Lauren classification (36) is based upon
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pathological, epidemiological, and aetiologic features of GC (37), whereas the WHO
classification is based solely on the histomorphological phenotype of GC (35) (Table
3). Intestinal-type GC is characterized by cohesive malignant epithelial cells, forming
tubules or glands, and is often associated the concomitant presence of GIM (36). It
mainly occurs in elderly and male, is located in the antrum and is associated with a
longer course of disease and a better prognosis (60,61).

Diffuse GC is characterized by non-cohesive, scattered malignant cells with
poor differentiation and a diffuse, highly infiltrative growth (62). It usually occurs in
younger patients and is equally distributed between male and females (62). It is
mainly located in the corpus and is associated with a shorter duration of disease

and a worse prognosis (61,63).

Table 3: Lauren (36) and WHO classification of gastric cancer. Modified after
Carneiro et al. (35)

Lauren (1965) (36) WHO (2019) (35)
Papillary
Intestinal Tubular, well-differentiated

Tubular, moderately differentiated

Indeterminate Tubular (Solid), poorly differentiated

Diff Poorly cohesive, signet-ring cell phenotype
iffuse
Poorly cohesive, other types

Intestinal/diffuse/indeterminate | Mucinous

Mixed Mixed

Other histological subtypes: adenosquamous
carcinoma; squamous cell carcinoma,;
undifferentiated carcinoma; carcinoma with
Not defined lymphoid stroma; hepatoid carcinoma;
adenocarcinoma with enteroblastic
differentiation; adenocarcinoma of fundic gland
type micropapillary adenocarcinoma

1.3.6 Grading and staging

Tubular and papillary gastric tumours can be graded into G1 (well differentiated),
G2 (moderately differentiated) and G3 (poorly differentiated) adenocarcinomas
(35,64). Focusing on a two-tiered histopathological grading system, G1 and G2
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carcinomas can be classified as low-grade GC while G3 carcinomas can be
classified as high-grade GC (35). Low-grade GC resembles well-formed glands,
whereas high-grade GC resembles poorly differentiated glands along with solid
components or individual cells (35). For prognosis prediction the eight edition of the
Union for International Cancer Control (UICC) TNM staging system is used (64)
(Table 4-5). Tumours at the gastro-oesophageal junction with an epicentre more
than 2 cm into the proximal stomach are staged as GC, whereas tumours <2 cm

are staged as esophageal cancer (64).

Table 4: The pathological Tumor Node Metastasis (pTNM) staging system.
Modified after the Union for International Cancer Control (64). Histological
examination of regional lymphadenectomy should include 16 or more lymph nodes.
If the number of lymph nodes is <16 and lymph nodes are negative, the specimen
should be classified as pNO.

pTX | Primary tumour cannot be assessed

pTO No evidence of primary tumour

pTis | Carcinoma in situ: intraepithelial tumour without invasion of lamina
propria, high-grade dysplasia

pT1a | Tumour invades lamina propria or muscularis mucosae
pT1b | Tumour invades submucosa

pT2 Tumour invades muscularis propria

pT3 Tumour invades subserosa

pT4a | Tumour perforates serosa

pT4b | Tumour invades adjacent structures (spleen, kidney, adrenal gland,
small intestine, transverse colon, abdominal wall, retroperitoneum, liver,
pancreas, diaphragm)

NX Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis
N1 Metastasis in 1 to 2 regional lymph nodes
N2 Metastasis in 3 to 6 regional lymph nodes

N3a Metastasis in 7 to 15 regional lymph nodes
N3b | Metastasis in 16 or more regional lymph nodes
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Table 5: Pathological stage. Modified after the Union for International Cancer
Control (64).

Stage 0 Tis NO MO
Stage 1A T1 NO MO
Stage 1B T1 N1 MO
T2 NO MO
Stage IIA T1 N2 MO
T2 N1 MO
T3 NO MO
Stage 11B T N3a MO
T2 N2 MO
T3 N1 MO
T4a NO MO
Stage IIIA T2 N3a MO
T3 N2 MO
T4a N1, N2 MO
T4b NO MO
Stage 1IIB T1, T2 N3b MO
T3, T4a N3a MO
T4b N1, N2 MO
Stage llIC T3, T4a N3b MO
T4b N3a, N3b MO
Stage IV Any T Any N M1

1.3.7 Prognosis

The pTNM staging system (64) is used as main tool for prognosis prediction in GC
patients (35) (Table 4-5). If neoplasms are small, non-ulcerated, low-grade on
histology and staged as pT1a, endoscopic treatment with ESD or EMR can be

performed (42,65). In GC staged >T1NO macroscopic and microscopic RO tumour
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resection should be performed (66). Neoadjuvant/perioperative chemotherapy may
improve survival of patients with clinically staged >T2 or N-positive (66). For
advanced GC with distant metastatic spread, palliative systemic treatment is
recommended (62).

Patients with pT1 and pNO show 5-year survival rates of >90% (35,67).
Survival rates are decreasing consistently with increasing pT and pN category
(35,67). Patients with GC stage IlIC show 5-year survival rates of 20% (35,67). In
high-incidence countries, prognosis has been improved due to the implementation
of screening programs that enable the detection of GC at earlier stages (68).
However, in Western countries, where incidence rates are low, more than half of
GC patients are diagnosed at advanced stages with 5-year survival rates ranging
from 20% to 30% (42)

1.4 Management of gastric precancerous lesions

1.4.1 Risk stratification

Risk stratification in patients with gastric precancerous lesions using staging
systems may enable targeted endoscopic surveillance, early detection of GC,
reduction of GC mortality rates, and cost-effectiveness in GC screening, especially
in low-intermediate risk countries (7). Staging systems that assess the severity and
topography of atrophy (OLGA) or GIM (OLGIM) have been established (Table 6).
OLGA (15) and OLGIM (16) are built upon the visual analogue scales and sampling
protocols introduced by the Sydney classification of gastritis (11). Patients
diagnosed with gastritis OLGA/OLGIM Il and IV bear a significantly higher risk for
developing GC than patients diagnosed with low-risk OLGA/OLGIM stages | and Il
(69,70).

Several studies have been conducted to assess interobserver agreement for
OLGA/OLGIM staging systems (69-71). The majority of studies showed poor
agreement for atrophy and fair agreement for intestinal metaplasia (71). Therefore,
Lee et al. (7) advocate using GIM instead of atrophy as a uniform staging parameter.
Although the OLGA system holds lower interobserver agreement among general
pathologists, it has a higher sensitivity in detecting individuals at risk of GC
compared to the OLGIM system (69,70). Individuals who show severe atrophy
without GIM are “downstaged” when using the OLGIM instead of the OLGA staging
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system. Nevertheless, GIM is regarded as a more reliable and commonly

recognized histological parameter (72). Therefore, some recommend using a

combination of both systems in routine diagnostics (69,70).

Table 6: The OLGA (15) and OLGIM (16) staging systems of gastritis. OLGA
relies on atrophy as a marker for disease progression, whereas OLGIM relies on
GIM. Modified after Capelle et al. (16).

OLGA
Corpus
Atrophy score No atrophy g/’!irlgphy g/lt?od;rste Ster ;gf‘;’
E No atrophy Stage 0 Stage | Stage Il Stage Il
=
= Mild atrophy Stage | Stage | Stage Il Stage llI
Moderate atrophy Stage Il Stage Il Stage lll | Stage IV
Severe atrophy Stage |l Stage llI Stage IV | Stage IV
OLGIM
Corpus
Gastric in.testinal . Moderate Severe
;nc:fz[r?epla3|a (GIM) No GIM Mild GIM GIM GIM
5
E No GIM Stage 0 Stage | Stage Il Stage Il
Mild GIM Stage | Stage | Stage Il Stage |l
Moderate GIM Stage Il Stage | Stage Il Stage IV
Severe GIM Stage lll | Stage lll | Stage IV Stage IV
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1.4.2 Neoplastic risk in population-based studies

A nationwide study from the Netherlands demonstrated that increasing severity of
premalignant lesions (i.e., severe dysplasia), increased age (i.e., 75-84 years) and
male gender were risk factors for the development of GC (73). Another study
showed that GIM occurs more often in males, in elderly (over 50 years) and in
individuals with persistent HP infection (74).

A nationwide study from Sweden reported that only 1 in 256 individuals with
normal mucosa will develop GC within 20 years, while the incidence increases with
every step in the Correa’s cascade, ultimately resulting in the development of GC in
1 in 85 individuals with gastritis, in 1 in 50 individuals with atrophic gastritis, in 1 in
39 individuals with GIM, and in 1 in 19 individuals with dysplasia, respectively (75).
GC incidence rates were highest in patients who have already shown dysplasia at
index endoscopy and lowest in patients who showed non-atrophic gastritis at index
endoscopy (75).

A population-based study from the USA, showed a significantly increased risk
for the development of GC among the Hispanic ethnicity (76). Therefore,
surveillance is recommended for this ethnicity, for elderly and for patients with
extensive GIM (76).

For individuals with extensive GIM, an approximately 2-fold increased risk of
neoplastic progression was reported compared to individuals with limited GIM in a
meta-analysis based on two studies (77).

Studies have not only proven increased GC risk for severe and extensive
GIM, but also for the incomplete subtype (78-87). According to a meta-analysis
based on seven studies, incomplete GIM bears a 1.7-fold higher risk of progression
to dysplasia and a 3.3-fold higher risk of cancer compared to complete GIM (77).
The presence of incomplete GIM is known to increase with increasing extent of GIM
(5,57,85,88). This association can partly be reflected by the increasing stages of
OLGA/OLGIM (57). However, incomplete GIM can not only be detected in
individuals with advanced OLGIM stages Ill and IV, but also in individuals with low-
risk OLGIM stages, such as OLGIM | (84).

1.4.3 Guidelines

Surveillance of patients with advanced stages of GIM enhances early detection of

GC and therefore improves prognosis and patients’ survival (4,7,89,90).
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Surveillance programs will not significantly increase the burden of care since these
patients represent only the minority, especially in low- to intermediate-risk countries
(91). However, appropriate prevention measures for patients at high-risk of GC may
reduce the clinical burden caused by disease progression (91).

The European Society of Gastroenterology and Endoscopy (ESGE)
established and recently revised guidelines on the Management of Patients with
Precancerous Conditions in the Stomach (MAPS Il) (4). Currently, no surveillance
is recommended for patients with mild to moderate atrophy restricted to the antrum
or with GIM restricted to a single location (4). If additional risk factors such as
incomplete GIM, persistent HP infection or a family history of GC are present,
surveillance endoscopy at a three-year interval is indicated (4). Additionally,
extensive GIM, defined as GIM involving both antrum and corpus, warrants
surveillance (4). Patients with GIM restricted to the antrum are of particular interest,
as these would not qualify for surveillance based upon GIM extent alone. In these
individuals the GIM subtype is the determining factor for follow-up endoscopy.

For patients with advanced stages of atrophic gastritis, i.e., OLGA/OLGIM llI
and IV, endoscopic follow-up at a three-year interval is recommended (4). Intensified
follow-up, e.g., every one to two years, is recommended, if family history of GC is
present (4). At current date, the ESGE does not recommend targeted management
based on age, gender, HP virulence factors or host-genetic variations (4). Moreover,
patients should ideally undergo high-definition-chromoendoscopy with guided
biopsy or receive at least four non-targeted biopsies from the greater and lesser
curvature of antrum and corpus (4). If OLGA/OLGIM staging systems are used for
risk stratification, another biopsy from the incisura may be considered (4). Biopsies
from different topographical sites should be clearly labelled in separate vials (4).

In contrast to the ESGE, the American Gastroenterological Association
(AGA) does not state any specific recommendations regarding routine surveillance
for patients with GIM but prompts individual risk assessment (90). The AGA does
recognize incomplete GIM, extensive GIM and a family history of GC as indicators
for patients with high GC risk, potentially benefiting from surveillance endoscopy
(77,90). Furthermore, immigrants from high-risk GC regions (East Asia, South
America) and racial/ethnic minorities (e.g., Hispanics, American Indian) in the USA

bear a higher risk for GC (92) and may benefit from short interval repeat endoscopy
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to determine anatomic extent and histologic subtype of GIM for risk stratification
(90).

The different approaches in the guidelines from the ESGE and the AGA might
result from the fact, that the AGA regards the lack of evidence from randomized
controlled studies (RCTs) as a limitation, whereas the ESGE accepts evidence from
long-term observational studies. Different recommendations may also result from
the difference in American and European health care systems and the potential
economic burden (91).

The British Society of Gastroenterology (BSG) also identifies patients with
extensive GIM, i.e., GIM affecting both antrum and corpus, at risk and recommends
surveillance at a three-year interval. Whereas the ESGE prefers the OLGIM system
for staging chronic atrophic gastritis, the BSG does not recommend using
OLGA/OLGIM staging systems due to lack of prognostic evidence. The BSG does
not recommend routine subtyping, but rather relies on the association between
extensive GIM and the presence of the incomplete subtype (89). However,
incomplete GIM might also occur in low-risk stages OLGIM | and Il (84) and in cases
with limited GIM.

Both AGA and BSG recommend against the use of any biomarkers, further
emphasizing the importance of the histological assessment for adequate risk

stratification.

1.5 Aims

Endoscopic surveillance based on GIM subtyping was implemented in the updated
MAPS-Guidelines of the ESGE to assign patients to different clinical pathways. GIM
subtyping is also considered as a valuable tool in the recently released AGA Clinical
Practical Guidelines on the management of GIM.

Despite these recent recommendations from clinicians, it has not been proven
that pathologists can differentiate between the two GIM subtypes with sufficient
agreement, because a systematic interobserver variability study is currently lacking.

Moreover, the ESGE, AGA and BSG recognizes the extent of GIM as the key
marker for risk stratification. Apart from studies addressing the OLGIM staging
system, interobserver variability in estimating the percental extent of GIM has not

been assessed yet.
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This diploma thesis aims to evaluate the interobserver variation in GIM
subtyping involving an international group of gastrointestinal expert pathologists.
Furthermore, this study addresses the impact of misclassification on patient
management and the identification of potential influencing factors. As secondary
objective, this diploma thesis aims to evaluate the interobserver variability in
estimating the overall percental extent of GIM and to identify parameters with impact

on the assessment.
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2. Materials und methods

2.1 Cases

The study included antral biopsies from 46 patients with chronic atrophic gastritis,
diagnosed at the Diagnostic- and Research- (D&F) Institute of Pathology, Medical
University of Graz, Austria, within the period of 11/2019 to 03/2020. All biopsies had
been obtained based on Sydney criteria (11), that is, targeting the lesser and greater
curvature, excluding the normal gastroduodenal transitional mucosa (4). It may be
of note that corpus and/or fundus biopsies, which had been submitted in separate
vials, lacked GIM in all cases and were therefore not part of the evaluation.

Since Austria is a country with a low prevalence of HP, resulting in a low
incidence of GIM in general (with a low portion of mucosal surface involved) and a
predominance of complete GIM (93), we selected the study sample in order to enrich
for cases with a high portion of mucosa involved by GIM and for cases with the
incomplete subtype.

Table 7 shows case characteristics including the age, the mean extent of GIM
and the number of antral biopsy pieces. Gender distribution, HP status, type of
background inflammation and GIM subtypes are displayed in Figure 2-5.

Before starting the study, sample size calculation was performed by Dr. Josef
Haas, Institute of Medical Informatics, Statistics and Documentation, Medical
University of Graz with power of 80% and significance level at 5%. All samples were
routinely stained with H&E and scanned thereafter (Pannoramic 1000 Whole-Slide

Scanner, 3D Histech Ltd., Budapest, Hungary).
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Table 7: Case characteristics (n=46).

Age (years) Mean 65.8
Median 69
Range 27-87
Portion of mucosal Mean 31%
surface involved by : -
intestinal metaplasia Median 20%
Range 10-90%
Number of biopsy pieces | Mean 2.7
Median 2
Range 1-6

Figure 2: Gender distribution (n=46).

Gender

M male
B female




Figure 3: Helicobacter pylori status (n=46).
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Figure 4: Background inflammation.
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Figure 5: Type of gastric intestinal metaplasia.
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2.2 Pathologists

Two gastrointestinal expert pathologists (Cord Langner and Gregory Y. Lauwers),
who are used to apply GIM subtyping in routine diagnosis, independently viewed
the scans, performed GIM subtyping, and classified the cases based on the

morphological criteria into the following categories:

1. Complete GIM alone
2. Mixed, complete exceeding incomplete GIM
3. Mixed, incomplete exceeding complete GIM

4. Incomplete GIM alone

The two pathologists reached initial agreement in 38 cases out of 46 (83%). In cases
of disagreement, a consensus (“gold standard”) was obtained by joint microscopy
and case discussion. No consensus (“‘gold standard”) was established for the
percental estimation of GIM extent.

Nine international gastrointestinal expert pathologists were invited to participate as
observers in the study. Inclusion criteria were completed specialty training for

pathology and proven publication activity in gastrointestinal pathology. For
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evaluation of the interobserver variation in estimating the extent of GIM, all eleven

pathologists were included as observers:

Gregory Y. Lauwers

Cord Langner

Rish K. Pai

lan Brown

Anthony J. Gill

Dhanpat Jain

Bence Kovari

Ryoji Kushima

Kieran Sheahan

H. Lee Moffitt Cancer Center & Research Institute, Tampa,
Florida, USA.

Diagnostic and Research Institute of Pathology, Diagnostic
and Research Center for Molecular BioMedicine, Medical
University of Graz, Graz, Austria.

Department of Laboratory Medicine and Pathology, Mayo
Clinic Arizona, Scottsdale, Arizona, USA.

Envoi Specialist Pathologists, Brisbane, Queensland,
Australia.

Faculty of Medicine, University of Queensland, Brisbane,
Queensland, Australia.

Cancer Diagnosis and Pathology Group, Kolling Institute of
Medical Research, Royal North Shore Hospital, St Leonards,
New South Wales, Australia.

New South Wales Health Pathology, Department of
Anatomical Pathology, Royal North Shore Hospital, St
Leonards, New South Wales, Australia.

Sydney Medical School, University of Sydney, New South
Wales, Australia.

Department of Pathology, Yale University School of
Medicine, New Haven, Connecticut, USA.

Department of Pathology, University of Szeged, Szeged,
Hungary.

H. Lee Moffitt Cancer Center & Research Institute, Tampa,
Florida, USA.

Department of Pathology, Shiga University of Medical
Science, Shiga, Japan.

Department of Pathology & Centre for Colorectal Disease,
St. Vincent's University Hospital, Dublin, Ireland. University
College Dublin, Dublin, Ireland.

University College Dublin, Dublin, Ireland.
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Tomas Slavik Ampath Pathology Laboratories, Pretoria, South Africa.
Department of Anatomical Pathology, Faculty of Health
Sciences, University of Pretoria, Pretoria, South Africa.

Amitabh Srivastava Department of Pathology, Brigham and Women's Hospital,

Boston, Massachusetts, USA.

Access to scanned slides was provided by an electronically transferred web link.
The assessment was done independently in a blinded fashion on dynamic images
(3D Histech Ltd. Case Viewer, Budapest, Hungary) with viewing between x2 and
x40 magnification. Every observer classified each case applying the four categories
mentioned above using a standardized evaluation sheet (see appendix). For
evaluation of the extent of GIM, the pathologists were asked to estimate the overall
percentage of mucosa involved by GIM in 5% increments, that is, across all biopsies

included within a given sample

2.3 Ethics board approval

Institutional Review Board approval for this study was obtained from the Ethics
Committee of the Medical University of Graz, Austria (EK 33-444 ex20/21).

2.4 Statistical analysis

Categorical variables are presented as absolute and relative frequencies, numerical
variables as mean, median and ranges. Differences in categorical variables were
examined using the chi-square test or Fisher's exact test, as appropriate.
Differences in continuous variables between groups were examined using the t-test
for two independent samples as parametric test procedure and the Mann-Whitney-
U test as non-parametric test procedure. Parametric distribution was tested with the
Shapiro-Wilk test. Interobserver variability in GIM subtyping was assessed by
applying kappa statistics, which are used to quantify the degree of agreement
beyond chance (94). The level of agreement between each observer and the
consensus diagnosis was calculated using weighted kappa for all categories (1-4)
as well as for combined categories focusing on the predominant GIM pattern (1 and
2 versus 3 and 4). Fleiss’ kappa was used to calculate the agreement among the
pathologists as follows: the scores from the nine observers and the original scores

from the two pathologists who provided the consensus diagnosis were included in
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this calculation (95). Kappa values were interpreted according to the scheme of
Landis and Koch (96), modified by Altmann (97): kappa values <0.00 suggest no
agreement, 0.00-0.20 poor agreement, 0.21-0.40 slight agreement, 0.41-0.60
moderate agreement, 0.61-0.80 substantial agreement, and 0.81-1.00 almost
perfect agreement, respectively.

The interobserver agreement in estimating the extent of GIM was assessed
by applying the intraclass correlation coefficient (ICC), which is used to measure the
degree of agreement for continuous variables for different observers when
assessing the same cases (98). The calculation is based upon a two-way mixed
model and absolute agreement. For interpretation, the scheme introduced by
Altman (1991) (97) was used: an ICC value <0.20 suggests poor agreement, 0.21-
0.40 fair agreement, 0.41-0.60 moderate agreement, 0.61-0.80 good agreement
and >0.80 very good agreement, respectively. Correlation between the standard
deviation and the extent of GIM, defined by the mean score of GIM of the eleven
observers, and the number of biopsy pieces per slide was evaluated by applying the
Spearman correlation. Finally, a regression analysis was performed to establish a
model that allows the prediction of the standard deviation from the extent of GIM.
To account for non-consistent scattering in our dataset, we performed adjustment
with heteroscedasticity-consistent standard error estimators (99).

All statistical operations were performed using IBM SPSS Statistics Version
26, provided by the Medical University of Graz. P-values were two-sided, and values

<0.05 were considered statistically significant.
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3. Results

3.1 Pathologists’ subtyping routine

Figure 6 shows the subtyping routine of nine pathologists, who participated in this
study as observers. Two of the observers reported to apply GIM subtyping in their

daily routine practice, the other seven did not.

Figure 6: Pathologists’ subtyping routine.

Subtyping
routine

M not routinely
M routinely

3.2 Interobserver variability in GIM subtyping

Table 8 summarizes absolute and relative frequencies of the observers’
assigned GIM subtypes.

44



(%0°€L)
9

(%z°G1)
L

(%59)
€

(%z'G1)
L

(%.2°8)
v

(%z'2)
}

(%€£'82)
£l

(%6°01)
G

(9%2°12)
oL

(%6°0L)

"“WID @18|dwooul
aind ¢ fuobayen

(%+21)

(%% 21)

(%6°€2)
Ll

(%0°€1)

(%z°G1)

(%1792)
Zl

(%5°9)

(269'61)

(%.2°8)

(%¥21) 8
‘Wo e dwos
< aj@|dwoou|
¢ MoBaje)

(%¥'0€)
¥l

(%.2°12)
oL

(%% 21)

(%z'S1)
l

(%9°2¢)
Gl

(%6°€2)
L

(%E82)
£l

(%z'51)
yi

(%% 21)

(%9'6L) 6

‘WIS @1edwooul
< 8)9|dwon

:Z MobBalen

(9% 1'6€)
gL

(9%.2°G¥)
\Z

(262'25)
¥Z

(%5°96)

(%SG €F)

(%8 2¥)
ZZ

(%0°2€)
Ll

(2%£'¥5)
Gz

(962°25)
¥Z

(%Z'2S) vZ

IS 99jdwon
aind :| fuoBayen

Table 8: Absolute and relative frequencies of the observers’ (OS) assigned

gastric intestinal metaplasia subtypes in 46 cases.
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Table 9 illustrates the interobserver variability between the nine observers and the
consensus diagnosis. For four GIM categories, the interobserver variability ranged
from slight to almost perfect agreement (kappa=0.368-0.961). Specifically, two
observers reached almost perfect agreement with the consensus, five observers
substantial agreement, two observers moderate agreement and one observer slight
agreement, respectively. Diagnostic agreement between each observer and the
consensus diagnosis ranged from 48% to 96%, with six observers reaching more
than 70% agreement.

For two GIM categories, that is, addressing the predominant pattern
(complete, 1 and 2, versus incomplete, 3 and 4), the interobserver variability ranged
from moderate to almost perfect agreement (kappa=0.464-0.984). Specifically, five
observers reached almost perfect agreement, two observers substantial agreement
and another two observers moderate agreement, respectively. Diagnostic
agreement between each observer and the consensus diagnosis ranged from 78%
to 98%.

For four categories, the two observers who apply GIM subtyping in daily
routine practice had a higher agreement and higher kappa values (p=0.040) than
the other observers, while no significant difference was noted for two GIM categories
(p=0.241).

Table 10 shows the interobserver variability among all eleven pathologists
(the nine observers and the two pathologists who had agreed on the consensus
diagnosis). For four categories, the overall agreement was moderate (Fleiss’
kappa=0.447, 95% Cl: 0.423-0.471). Applying two categories, the overall agreement
was substantial (Fleiss’ kappa=0.716, 95% CI: 0.677-0.755).
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nine observers and the consensus diagnosis. The two observers who perform

subtyping of gastric intestinal metaplasia (GIM) in daily routine practice are

Table 9: Weighted kappa values (95% CI) and agreement (n; %) between the
highlighted in grey.
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Table 10: Fleiss’ kappa values (95% CIl) including all pathologists (the nine
observers and the two pathologists who produced the consensus diagnosis),
who participated in subtyping gastric intestinal metaplasia (GIM).

Overall

Per category

Four GIM categories

0.447 (0.423-0.471)

1=0.581 (0.542-0.620)
2=0.261 (0.222-0.300)
3 =0.323 (0.284-0.362)
4 =0.569 (0.530-0.608)

Two GIM categories
(predominant pattern; 1
and 2 versus 3 and 4)

0.716 (0.677-0.755)

1and 2 = 0.716 (0.677-0.755)
3 and 4 = 0.716 (0.677-0.755)

3.3 Factors with impact on agreement

Factors that may be associated with the level of agreement are illustrated in Table

11. Herein, we compared cases with the highest agreement (six cases with 100%

agreement) with cases with the lowest agreement (one case with 22%, two cases

with 33%, and five cases with 44% agreement). We identified three parameters with

potential impact. Agreement was significantly lower (p=0.010) in mixed cases

(categories 2 and 3) compared to cases with only one type of GIM (categories 1 and

4). Likewise, the number of biopsy specimens within the sample and the portion of

mucosal surface involved by GIM (in particular when more than one biopsy piece

was affected) were both higher in the cases with low agreement, but this difference

was not statistically significant (p=0.886 and p=0.120, respectively), likely due to

inherent small sample size.
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Table 11: Factors with impact on the agreement between the observers and
the consensus diagnosis in subtyping gastric intestinal metaplasia (GIM),

illustrated by cases with highest and lowest agreement (n; %).

Cases (n=6) Cases (n=8) p-
with highest with lowest value
agreement agreement
GIM categories | 1 and 4 (pure 6 (100%) 2 (20%) 0.010
GIM types)
2 and 3 (mixed | 0 (0%) 6 (80%)
GIM types)
Mean number of biopsy pieces 2.33 2.75 0.886
Mean portion of mucosal surface | 15% 34% 0.120
involved by intestinal metaplasia

3.4 Clinical consequences of misclassification

The updated MAPS Guidelines (4) recommend endoscopic surveillance for all
patients with incomplete GIM, while patients with complete GIM do not need follow-
up when metaplastic change is restricted to the antrum. Since all cases of our study
cohort, who were biopsied according to the Sydney criteria (11), show metaplastic
changes restricted to the antrum (limited GIM), no surveillance endoscopy would
have been necessary based on the extent of GIM. However, in 13 out of 46 cases
(28%) of our preselected study cohort incomplete intestinal metaplasia is present
and hereby the sole determinant for necessary surveillance endoscopy. The
recommendation regarding incomplete GIM is based upon the publications by
Gonzalez et al. (82,83,85), who defined incomplete GIM as either pure incomplete
GIM or incomplete GIM as predominant pattern in mixed cases (82,83,85).

Thus, patients with pure complete GIM (category 1) may be “overreported”
when misclassified as predominantly incomplete or pure incomplete GIM (category
3 or 4), thereby inducing unnecessary follow-up investigations. On the contrary,
patients with predominantly incomplete or pure incomplete GIM (category 3 or 4)

may be lost to follow-up when misclassified and thereby “underreported” as pure
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complete GIM (category 1). The definitive clinical significance of category 2
(incomplete GIM as a minor pattern) still needs to be elucidated.

Table 12 illustrates the clinical consequences of misclassification in our
study. Overall, misclassification that might induce an erroneous follow-up decision
occurred in 19 out of 333 (5.7%) ratings, with “underreporting” (n=14) occurring

more often than “overreporting” (n=>5).

Table 12: Clinical consequences of misclassification of gastric intestinal
metaplasia. According to the Guidelines of the European Society of Gastrointestinal
Endoscopy (4) patients with complete GIM (Category 1) do not need follow-up when
metaplastic change is restricted to the antrum. In contrast, surveillance is
recommended for all patients with predominant (Category 3) or pure (Category 4)
incomplete GIM. The definitive clinical significance of category 2 (incomplete GIM
as a minor pattern) is currently unclear. Therefore, this category is not included
within the table. Cases in which overreporting (n=5) or underreporting (n=14) has

impact on clinical management are highlighted in grey.
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3.5 Interobserver agreement in estimating the extent of GIM

The mucosa of the 46 cases was involved by GIM in different quantities, with an
overall mean value of 29%, ranging from 6.8% to 92.7%. Mean values for individual
observers ranged from 23.3% to 33%. The interobserver agreement of the eleven
observers was very good, with an ICC value of 0.983 (95% CI: 0.975-0.990). Table
13 shows the interobserver correlation matrix of the eleven pathologists estimating

the percental extent of GIM.
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Table 13: Interobserver correlation matrix.
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3.6 Factors with impact on the agreement

The number of biopsy pieces per slide ranged from 1 to 6 (mean 2.7, median 2). No
correlation between the standard deviation and the number of biopsy pieces was
observed (p=0.059). The six cases with the lowest standard deviation had a mean
biopsy number of 3.0 (median 2.5, range 2-6) whereas the six cases with the highest
standard deviation had a mean biopsy number of 2.3 (median 2.5, range 1-4). Cases
with a higher amount of metaplastic epithelium had a higher standard deviation. The
significant positive association between both parameters was verified by applying
the Spearman correlation, rs=0.644 (p<0.01). A simple linear regression was
calculated to predict the standard deviation based upon the extent of GIM.
According to the regression equation with R2 of 0.403, the standard deviation
increased by 0.127 (t=2.862, p<0.01) for each percent of GIM extent.
(F(1,44)=29.749, p<0.01; Figure 7).
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Figure 7: Correlation between the extent of gastric intestinal metaplasia (GIM,
in %) and the standard deviation (SD, in %): The SD increases with the amount
of metaplastic epithelium identified on the mucosal surface (SD = 4.568 + 0.127 x
extent GIM).
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3.7 Histopathological assessment of cases

The 46 cases and their histopathological characteristics are presented in Figure 8-
53. The bar charts summarize the nine observers’ assigned GIM types. The
consensus GIM type (“gold standard”) is coloured in green and illustrates the
absolute agreement per case (Figures 8a to 53a). Within the boxplots, each box
shows the interquartile range (IQR) with lines representing the median of the eleven
observers’ scored percental extent of GIM (Figures 8b to 53b). Whiskers are
extended to within 1.5 IQR of the first and third quartiles. Data points falling outside
this range are displayed independently. The scanned H&E-stained slides show
typical features of incomplete and complete GIM. The upper photograph was taken
at lower magnification for overview of each slide (Figures 8c to 53c), the lower one

at higher magnification for more precise assessment (Figures 8d to 53d).
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Figure 8: Case 01. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 9: Case 03. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 10: Case 03. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 11: Case 04. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 12: Case 05. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 13: Case 06. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 14: Case 07. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 15: Case 08. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 16: Case 09. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 17: Case 10. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 18: Case 11. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 19: Case 12. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 20: Case 13. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.

>

Number of scores (n=9)

o = N W & OO O N O ©

1: complete GIM 2: complete>  3: incomplete >
incomplete GIM complete GIM

Type of gastric intestinal metaplasia (GIM)

Extent of GIM (in %)

100
95
90
85
80
75
70
65
60
55

45

40

35 N
30
20 ¢

15
10

69



Figure 21: Case 14. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 22: Case 15. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 23: Case 16. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 24: Case 17. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 25: Case 18. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 26: Case 19. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 27: Case 20. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 28: Case 21. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 29: Case 22. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 30: Case 23. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 31: Case 24. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 32: Case 25. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 33: Case 26. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 34: Case 27. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 35: Case 28. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 36: Case 29. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 37: Case 30. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 38: Case 31. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 39: Case 32. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 40: Case 33. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 41: Case 34. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 42: Case 35. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 43: Case 36. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 44: Case 37. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 45: Case 38. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 46: Case 39. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 47: Case 40. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 48: Case 41. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 49: Case 42. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 50: Case 43. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 51: Case 44. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 52: Case 45. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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Figure 53: Case 46. (A) Nine observers assessed the gastric intestinal metaplasia
(GIM) subtype. The consensus diagnosis is highlighted in green. (B) Eleven
observers assessed the percental extent of GIM. (C) GIM at lower magnification (D)
GIM at higher magnification.
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4. Discussion

4.1 Interobserver variability in histological assessment

The present study demonstrates that eleven gastrointestinal expert pathologists
were able to differentiate complete and incomplete GIM subtypes with substantial
overall agreement (kappa=0.716, 95% CI: 0.677-0.755). Applying four categories of
GIM (1: pure complete GIM versus 2: complete > incomplete GIM versus 3:
incomplete > complete GIM versus 4: pure incomplete GIM), agreement slightly
decreased with eleven pathologists reaching moderate overall agreement
(kappa=0.447, 95%: CI 0.423-0.471). Agreement was significantly higher in cases
with pure GIM types compared to cases with mixed GIM subtypes (p=0.010).
Pathologists who apply subtyping in their daily routine performed better than those
who do not (p=0.040). Misclassification with impact on clinical management
decisions occurred in 5.7% (19 out of 333) of histological diagnoses. Additionally,
this diploma thesis demonstrates that eleven gastrointestinal expert pathologists
were able to estimate the percental extent of GIM with very good agreement (ICC
0.983, 95% CI: 0.975-0.990). Cases with a higher amount of metaplastic epithelium
demonstrated a higher standard deviation (rs=0.644; p<0.01), suggesting lower

diagnostic accuracy in cases with extensive GIM. .

4.2 Comparison with other interobserver variability studies

This diploma thesis is the first to systematically evaluate the interobserver variability
in subtyping GIM on H&E-stained biopsy sections. To date, several studies
assessed the interobserver variability in the diagnosis of atrophy and GIM
(16,69,71,72), but only two studies included the assessment of GIM subtypes
(84,88).

Cassaro et al. (88) classified 50 cases into complete or incomplete GIM
based on staining with AB/HID. Cases where the incomplete subtype accounted for
more than 30% of the total GIM were classified as incomplete GIM (88). The authors
reported an absolute interobserver agreement of 93% with a kappa value of 0.91,
suggesting almost perfect agreement (88). However, they did not render any data
on the number of pathologists that were involved in this calculation. Presumed from
the authors list, only two pathologists were included in this study (88). Even though

their absolute agreement was higher than the initial absolute agreement of the two
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pathologists providing the consensus diagnosis in our study, they only tested for two
categories, namely complete versus incomplete GIM (88). The initial agreement of
83% (38 out of 46 cases) in our study was tested for four GIM categories and on
H&E-stained slides. It may be of note that seven of the eight initially discordant
cases were caused by either missing detection of a minor proportion of the second
subtype or by divergent determination of the predominant subtype in mixed cases
that showed a nearly even distribution of complete and incomplete GIM.

Isajevs et al. (84) invited four experienced pathologists to classify GIM into
the traditional three types, that are, type | (complete GIM), type Il (incomplete GIM)
and type Il GIM (incomplete GIM) (58), based on HID-PAS-stained samples of 166
patients from a high-risk population of Kazakhstan. Mixed cases were classified as
incomplete GIM (84). The pathologists reached kappa values of 0.96 for type |, 0.88
for type Il and 0.82 for type Ill GIM (84). They showed higher kappa values
compared to our study, however, they included only four pathologists in this
calculation, with three of them belonging to the same academic laboratory.

The above-described studies (84,88) provided data on the interobserver
variability in GIM subtyping on specimens that were stained with AB/HID and HID-
PAS. These stains are not used in routine pathological practice, they are technically
challenging and contain potentially harmful and toxic iron diamine which led to their
limited availability in many laboratories worldwide (57,85). Therefore, a satisfactory
level of interobserver agreement has to be provided on H&E-stained slides, which
are commonly used, do not afford additional costs and can be assessed in minimal
due time (57,85).

Other interobserver variability studies in the field analysed agreement in the
diagnosis of atrophy and GIM (16,69,71,72). In contrast to non-metaplastic gastric
atrophy, interobserver agreement for the diagnosis of GIM was high, with kappa
values ranging from 0.52 to 0.90 among gastrointestinal expert pathologists
(16,69,71,72). Values for general pathologists were slightly lower (69,71,72). The
study by Isajevs et al. (69) included two gastrointestinal expert pathologists and two
trained pathologists who assessed 100 randomly selected H&E- and AB-stained
tissue sections from patients with dyspeptic symptoms according to the OLGA and
OLGIM staging systems. Agreement for atrophy in the antrum was moderate for
expert pathologists (kappa=0.53) and slight for general pathologists (kappa=0.38)

(69). Agreement for GIM in the antrum ranged from almost perfect agreement
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(kappa=0.81) among expert pathologists to substantial agreement (kappa=0.68)
among general pathologists (69).

Capelle et al. (16) investigated the interobserver agreement among three
gastrointestinal expert pathologists in the grading atrophy, GIM and dysplasia
according to the visual analogue scales of the Sydney classification. This study
included 125 patients with the previous diagnosis of GIM or dysplasia and 20
patients with the diagnosis of GC (16). Consensus diagnosis was based on the
majority diagnosis or on the mean score if all three pathologists disagreed (16).
Interobserver agreement was slight for low-grade dysplasia (kappa=0.18), moderate
for high-grade dysplasia (kappa=0.55), substantial for atrophic gastritis
(kappa=0.64) and almost perfect for GIM (kappa=0.87) (16). Agreement regarding
the OLGA system ranged from a poor to moderate level of agreement (kappa=0.19-
0.56) (16). Agreement regarding the OLGIM system improved to a slight to almost
perfect agreement level of agreement (kappa=0.31-0.88) (16).

Similar to the study within this diploma thesis, Leja et al. (72) invited two
experts to reach consensus in the diagnosis of atrophy and GIM on H&E-stained
slides. In contrast to the present study, agreement with the consensus diagnosis
was evaluated by including the two expert pathologists and one experienced general
pathologist (72). Kappa values for the detection of atrophy in the antrum ranged
from 0.06 to 0.54 (poor to moderate level of agreement) and for the detection of GIM
from 0.69 to 0.85 (substantial to almost perfect level of agreement), respectively
(72). The general pathologist reached sufficient agreement with the consensus in
detecting GIM, but not in detecting atrophy (72). This can be explained by the two
expert pathologists’ identical educational background and approach to assessing
biopsy sections (72). The general pathologist used different criteria to define atrophy
based on his experience and his interpretation of grading (72). While the expert
pathologists regarded GIM as a phase within the evolution of atrophy, the general
pathologist did not (72). The authors expected results closer to the consensus if the
same criteria for the definition of atrophy would have been used (72).

A similar observation was found in a study by Kim et al. (71), where
interobserver agreement for atrophy and GIM on H&E-stained slides significantly
increased after the pathologists took part in a consensus process. Initial kappa
values of 0.52 for GIM and 0.19 for atrophy suggested a moderate to poor level of

agreement among five observers (71). After the consensus process, kappa values
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increased to 0.68 (p=0.006) for GIM and 0.43 (p<0.001) for atrophy, suggesting a
substantial and moderate level of agreement (71). The main responsible factors for
the improvement of agreement were the definition of atrophy and the usage of
percental cut-off values (30% and 60%) instead of using visual analogue scales for
the grading of GIM (71).

The study of Guarner et al. (100) addressed interobserver variability in the
application of the Sydney classification on H&E-stained slides. Two general
pathologists assessed 74 cases and reached kappa values of 0.22 for acute
inflammation, 0.60 for goblet cells, 0.53 for brush border cells, 0.81 for Paneth cells
and 0.04 for atrophy, respectively (100). After the first assessment a joint review of
discrepant cases took place (100). Assessment of another set of 76 cases improved
agreement to kappa values of 0.50 for acute inflammation, 0.68 for goblet cells, 0.79
for brush border cells and 0.64 for atrophy, respectively (100). Agreement for Paneth
cells decreased (kappa=0.71) (100). The authors compared this level of agreement
to kappa values obtained by gastrointestinal expert pathologists (100). They
concluded that the application of the Sydney classification would lead to minimal
differences in interpretation and in kappa values greater than 0.80 (100). Due to the
fact that pathology is eventually based on subjective interpretation, absolute
agreement, i.e., kappa values of 1.0, cannot be reached (100). The authors
regarded joint review of cases and the establishment of numerical parameters as
the best strategies in improving diagnostic agreement (100). The demand for the
use of percental cut-offs instead of visual analogue scales for the grading of GIM
(71) and the wish for establishing numerical parameters in the diagnosis of GIM
(100) meets the secondary objective of this study, investigating the interobserver
variability in the percental assessment of GIM.

Subtyping GIM can be achieved with a similarly high level of agreement
compared to other interobserver variability studies in the field. Although all study
pathologists included in this diploma thesis were international gastrointestinal expert
pathologists, only two of them reported to apply GIM subtyping in their daily routine
practice. The two pathologists who routinely apply GIM subtyping achieved the
highest level of agreement and the highest kappa values. This observation supports
the study by Kim et al. (71) and Guarner at al. (100) who demonstrated that
agreement in the diagnosis of GIM improves with increasing experience of
pathologists.
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4.3 Implications for clinical and pathological practice

4.3.1 Management and risk stratification according to the GIM subtype

The histologic subtype and extent of GIM play a major role in the risk stratification
of patients with chronic atrophic gastritis (7,56). Cassaro et al. (88) concluded that
if extensive GIM is present, no subtyping is needed, because the patient would be
considered for surveillance due to his extent, irrespective of his subtype of GIM. The
authors also emphasized that the presence of foci of incomplete GIM may be a
marker for extensive GIM in cases with limited biopsy pieces or inconsistent
mapping (88). This association supports the perception that the presence of
incomplete GIM conveys a similar prognosis compared to advanced stages of
OLGA/OLGIM, diminishing the importance of subtyping by replacing it with the
staging systems OLGA/OLGIM as risk-stratifying tools (57).

Although the OLGA/OLGIM staging systems (15,16) are well established for
the diagnosis of atrophy and GIM, management decisions that purely rely on these
systems are not able to sufficiently detect individuals at risk of GC (84). A study by
Isajevs et al. (84) investigated the prevalence of incomplete GIM among 166
participants from a high-risk population of Kazakhstan. In 12.6% of cases extensive
GIM was detected (84). The overall prevalence of GIM was 45.8%, with 52.7%
accounting for incomplete and 47.4% accounting for complete GIM (84). Even
though it is known that incomplete GIM is associated with extensive GIM
(5,57,85,88), this study proves that not only advanced stages of atrophic gastritis
with extensive GIM, i.e., OLGIM lIl and IV, but also low risk stages, i.e., OLGIM |
and Il, can be affected by the incomplete subtype (84). Although Kazakhstan is
considered as a high-risk GC country, most patients in this study were staged at
OLGIM 1 or Il and therefore would not have been scheduled for surveillance.
However, the prevalence of incomplete GIM was 54.5% in cases with OLGIM |
(n=66) and 37.5% in cases with OLGIM Il (n=8) (84). While no patient with OLGIM
IV was included in this study, the prevalence of the incomplete subtype in patients
with OLGIM IIl was 50% (n=2) (84).

Currently, clinical guidelines by the ESGE warrant surveillance for patients
with advanced stages of gastritis, i.e., OLGA/OLGIM IIl/IV, but not for patients with
OLGA/OLGIM | or Il (4). The BSG relies on the extent of GIM for management
decisions instead of identifying incomplete GIM (89). The AGA has no specific
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recommendations for patients with GIM, but does acknowledge patients with
extensive GIM, incomplete GIM, a family history of GC or ethnic background at
increased risk, potentially benefiting from short-time surveillance (90). According to
these recommendations, the vast majority of patients with incomplete GIM in the
study by Isajevs et al. (84) would have not been scheduled for surveillance.

In our study, all patients showed GIM restricted to the antrum (limited GIM).
No surveillance would have been scheduled based upon GIM extent. However, in
13 out of 46 patients (28%) incomplete GIM is present alone or as predominant
component. These patients would have been lost to follow-up, since in this subgroup
the GIM subtype represents the sole determining factor for necessary surveillance
endoscopy. Hence, subtyping is inevitable for detecting individuals at risk, especially
in patients with GIM localized in the antrum and with no other present risk factors
for GC except for the incomplete histologic subtype (57,84,88).

While the identification of incomplete GIM marks patients at risk of GC
(8,57,84,85), it is currently unclear, if the absence of the incomplete subtype can be
used for risk stratification in the same way. Therefore, the absence of incomplete
GIM in patients with other risk factors present should not be used to “downstage”

patients in surveillance strategy (57,77,90).

4.3.2 Relevance of mixed GIM subtypes

As incomplete GIM may develop de novo or from complete GIM (56), both types
may coexist and are frequently found within one biopsy specimen (85). According
to the ESGE (4) and AGA guidelines (90), patients with complete GIM limited to the
antrum do not require surveillance, while patients with incomplete GIM do. It appears
that the high proportion of mixed GIM cases is not taken into account. The ESGE
refers to the publications by Gonzalez et al. (82,83,85) who established the
prognostic impact for patients with pure incomplete or predominant incomplete GIM
but did not consider patients with a minor incomplete component (4). The AGA
states that patients with a higher risk for GC include those with “at least partial”
incomplete GIM (90). For our study analysing interobserver variability and potential
clinical impact of misclassification, we did not consider cases with a minor
incomplete component as this situation warrants further scientific efforts (57,101).
A study on the prognostic importance of GIM extension, topography, and type

(5) suggested, that a prognostic valuable cut-off value for the extent of incomplete
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GIM can be either set at 10% or 20%. Patients who showed >10% compared to
<10% incomplete GIM at baseline endoscopy had a hazard ratio (HR) of 3.10 (95%
Cl: 1.31-7.34) and a risk rate of 2.44 (95% CI: 1.78-3.36) per 100 persons per year
for neoplastic change (5). Patients that showed >20% compared to <20%
incomplete GIM at baseline endoscopy had a HR of 2.82 (95% ClI: 1.45-5.47) and a
risk rate of 2.85 (95% CI: 2.02-4.04) per 100 persons per year for neoplastic change
(5). However, the authors of this study argue that subtyping GIM would require
additional histochemical stains and costs and that its focality may lead to sampling
errors (5). Therefore, Tava et al. (5) recommend using a cut-off value of >20% total
GIM extent to identify patients at risk of GC.

In addition to the histologic prognostic value of incomplete GIM, molecular
profiling was able to reveal factors that differentiate incomplete from complete GIM
and may explain its increased malignant potential (102). Huang et al. (102)
investigated 138 GIMs of GC-free individuals. Molecular profiling revealed that
patients with incomplete GIM had shortened telomeres and chromosomal
alterations that have been associated with subsequent progression to dysplasia and
GC (102). Still, no statistically significant difference for the shortened telomeres, an
increase in the mutational burden, HP density, or DNA methylation levels in patients
with incomplete GIM (p=0.16-0.17) compared to patients with complete GIM was
noted (102). The lack of statistical significance, however, could be related to
insufficient power in this secondary analysis (57). Somatic copy number alterations
(SCNA) were detected in 13% of cases with incomplete GIM, whereas none were
detected in cases with complete GIM or in cases with a normal gastric epithelium
(102). SCNAs can lead to deletion and amplification of tumour suppressors and
oncogenes (45). Consistent to these findings, Tan et al. (45) outlined that SCNAs in
genes such as KRAS contribute to the progression from incomplete GIM to
dysplasia and that telomerase activation and telomerase reverse transcriptase
(TERT) expression takes place within this step of the precancerous cascade
(45,103,104).

4.3.3 Implementation of GIM subtyping in routine practice

While GIM subtyping is routinely performed in several European countries, others,
such as the US, have not yet implemented GIM subtyping in daily routine practice

(57). This observation has given rise to concerns as to whether the histologic
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subtype of GIM can be utilized as part of risk stratification without a substantial
educational initiative for pathologists (90). This diploma thesis and the studies by
Kim et al. (71) and Guarner et al. (100) indicate that the histopathological knowledge
required for diagnosis on H&E-stained slides can be gained in due time and applied
within the routine diagnostic work-up without additional costs. This notion complies
with the recently published guidelines by ESGE and AGA who both recognized
incomplete GIM as an important risk-stratifying feature but contrasts with the BSG
guidelines that have not yet implemented GIM subtyping in decision-making
(4,89,90).
Even though some authors may argue that subtyping GIM might require not
commonly used immunohistochemistry techniques (85), this and previous studies
showed that GIM cases can be classified on H&E-stained slides (57,84,85).
Gonzalez et al. (85) do not recommend identifying sulfomucins with the HID-stain,
because the morphologic criteria on H&E-stained specimens work accurately
enough to classify the subtypes of GIM and iron diamine is considered as a
potentially harmful and toxic agent (85). It is a fact, that comparison studies
addressing the sensibility and sensitivity of methods and techniques for the
diagnosis of GIM are currently lacking (85). Still, the underutilization of GIM
subtyping might result from a lack of awareness among pathologists and clinicians
and the misperception that subtyping might be time consuming, costly or afford
additional expertise that is withheld to specialists (57).
Albeit proven evidence for the usefulness of GIM subtyping in routine gastric
biopsies exists, barriers to its implementation on a global scale still need to be
overcome (57). In this context, a recently published overview on the topic by authors
from the USA (57) states the following target points that may help to overcome these
barriers:
(1) closer collaboration among pathologists and clinicians (57).
(2) increased awareness on the prognostic value of GIM subtyping and its
relevance for the management of patients with gastric precancerous
lesions (57).

(3) collaborative efforts in research to generate further evidence and
standardized protocols with defined criteria for endoscopists and
pathologists, e.g., percental cut-offs for the diagnosis of mixed, complete,

or incomplete GIM (57).
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This diploma thesis demonstrates not only that subtyping GIM can be
achieved with sufficient interobserver agreement, especially when differentiating
predominantly complete from predominantly incomplete GIM cases, but also that
the rate of misclassification according to current clinical guidelines (4) is low with
5.7% of case ratings. In 14 out of 333 case ratings, patients with predominantly
incomplete or pure incomplete GIM were “underreported” when misclassified as
pure GIM and therefore might have been lost to follow-up. On the other hand, in 5
out of 333 ratings, patients with pure complete GIM were “overreported” when
misclassified as predominantly incomplete or pure incomplete GIM and therefore
might have induced unnecessary follow-up investigations. In summary,
“‘underreporting” occurred more often than “overreporting”.

This diploma thesis aimed at identifying factors associated with a higher risk
of misclassification. The number of biopsy pieces, the portion of mucosal surface
involved by GIM and the pattern of GIM (pure GIM versus mixed GIM) might have
impact on the pathologists’ ratings and thereby on the level of agreement. The
pattern of GIM (pure GIM versus mixed-type GIM) differed significantly between
cases with high and low agreement (p=0.010), while the number of biopsy pieces
per sample and the portion of mucosal surface involved by GIM did not show a
statistically significant difference. One observer reported in the comment section,
that he found it particularly challenging to distinguish between predominantly
complete or predominantly incomplete GIM within mixed cases. While not only the
prognostic value of mixed GIM cases is currently unclear, also interobserver
agreement within these cases might be reduced. In our study, Fleiss’ kappa values
for mixed GIM categories were lower in comparison to values for pure GIM
categories (Table 10). Studies have noted that the likelihood of detecting GIM
increases with the number of gastric biopsies obtained which has given rise to
concerns that inconsistent sampling thereby might impair the assessment
(87,104,105). In our study, no statistically significant difference in the level
agreement concerning the number of biopsy pieces obtained was noted.

4.3.4 Management and risk stratification according to the extent of GIM

The extent of GIM in patients with chronic gastritis has prognostic relevance and
identifies patients at risk of GC who could benefit from endoscopic surveillance

(5,7,77,105,106). For individuals with extensive GIM, an approximately 2-fold
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increased risk of neoplastic progression compared to individuals with limited GIM
(relative risk 2.07, 95% CI: 0.97-4.42) was reported in a meta-analysis based on
two studies (77). Risk stratification based upon the extent of GIM is regarded as
cost-effective in low-to intermediate risk regions (7). Current guidelines by the ESGE
(4), the BSG (89), and the AGA (90) classify GIM as “extensive”, when it affects both
antrum and corpus, requiring, at minimum, biopsies from both regions of the
stomach. For patients with extensive GIM endoscopic surveillance is recommended,
while patients with GIM limited to the antrum do not need follow-up (4,89,90).

Furthermore, the OLGA/OLGIM staging systems can be used to determine
the extent of atrophy and GIM and their associated GC risk. A multicentre cohort
study (7) included 290 patients from a population at low- to intermediate-risk of GC
for screening endoscopy and surveillance endoscopy at year three and year five.
Individuals with OLGIM stage Ill and IV (12.3% of participants with GIM) were at
greatest risk of early gastric neoplasia (adjusted HR 20.7, 95%: Cl 5.04-85.6;
p<0.01) (7). More than 50% of patients staged OLGIM IIl and IV at baseline
endoscopy developed early gastric neoplasia within two years, prompting a two-
year surveillance interval (7). Median time intervals between baseline endoscopy
and the appearance of early gastric neoplasia were 22.7 months in patients with
OLGIM Il and IV and 50.7 months in patients with OLGIM 1l (19.1% of participants
with GIM) (7). Therefore, patients with OLGIM Il were denominated as patients at
intermediate-risk of GC (adjusted HR 7.34, 95% CI: 1.6 0-3.7; p=0.02), potentially
benefiting from surveillance every five years (7). The vast majority of study
participants were staged at OLGIM 0 or | (68.6% of participants with GIM) and do
not warrant surveillance endoscopy, because they did not show a significantly
increased risk for developing early gastric cancer compared to patients without GIM
(7). Still, 12.3% of patients with OLGIM | progressed to OLGIM II-IV (7). At current
date, the ESGE recommends endoscopic surveillance in patients with
OLGA/OLGIM Il and IV (4).

It may be of note, that the number of biopsies may affect the histological
diagnosis, that is, the yield of GIM may increase when multiple biopsies are obtained
(106). A study by de Vries et al. (106) demonstrated, that the likelihood to be
classified as a “patient at risk”, increases with the number of biopsies obtained. In
this study, a biopsy protocol with five biopsies sampled according to the Sydney
classification (11) was able to detect 71 out of 79 of patients with GIM (90%) while
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a biopsy protocol with nine non-targeted biopsies was able to detect 77 out of 79
patients of GIM (97%) (106). Based on this study, de Vries et al. recommend taking
at least nine non-targeted biopsies from the cardia, the lesser curvature of corpus,
the incisura angularis and the antrum in a GC low-risk population (106).

In clinical practice, heterogenous biopsy protocols and reporting practices are
used, inter alia due to varying recommendations from heterogenous literature
evidence (7). Moreover, biopsy specimens may be involved by GIM in varying
quantities, with some showing only tiny foci of GIM, whereas others may show total
replacement of the original mucosa. Consequently, some authors suggested
alternative scoring methods, such as the relative number of biopsies involved by
GIM (88) or the percentage of mucosa involved by GIM (5,105,107). For instance,
Cassaro et al. (88) classified GIM as extensive if more than 4 out of 12 biopsy
specimens were involved by GIM. Tava et al. (5) investigated the prognostic
importance of GIM extent, topography, and type among 471 dyspeptic patients who
showed either a GIM extent of >10% or lesions that were indefinite-for-dysplasia.
The study participants were repeatedly examined over a median period of 52
months (5). Amongst other factors, the GIM extent proved to be an important
predictive factor for patients at risk of GC (5). Specifically, a GIM extent of >20% at
baseline endoscopy was identified as a sensitive cut-off for patients at increased
neoplastic risk (5). Individuals with GIM extent of >20% compared to <20% had the
highest HR (HR=9.25, 95% CI: 1.27-67.19) within this study and a risk rate of 2.24
(95% CI: 1.66-3.02) per 100 persons per year for neoplastic change (5). Similar to
our study, the authors used an approach to quantify the extent of GIM that works
independently of the number of biopsy pieces obtained, that is, percental estimation
at 10% increments (5). Our study shows that eleven gastrointestinal expert
pathologists can estimate the extent of GIM in 5% increments with very good
agreement (ICC=0.983, 95% CI: 0.975-0.990). It is of note, however, that the
standard deviation increased with the amount of GIM, suggesting lower diagnostic
accuracy and lower agreement in cases with extensive GIM. High amounts of GIM,
i.e., involvement of several biopsy pieces within one sample and/or multiple foci
within a single biopsy piece, may impede the estimation and may thereby have a

negative impact on the quality of assessment.
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4.4 Strengths and limitations

This study has several strengths and limitations. Strengths include the systematic
approach involving an international group of gastrointestinal expert pathologists who
analysed a large set of biopsies representing all potential patterns of GIM including
mixed cases and different quantities of GIM. The pathologists had varying routine
experience in GIM subtyping and originated from different parts of the world, with
different educational backgrounds and different diagnostic approaches. Still, the
lack of general pathologists in this study may be regarded as a limitation.

The restriction to H&E-stained slides could likewise be regarded as a
limitation. However, H&E histology has proven prognostic impact in prior
publications (82,83,85). Furthermore, enzyme-histochemical and/or
immunohistochemical staining methods are not generally applied and have no
proven additional prognostic impact. Subtyping GIM on H&E-stained slides is
regarded as a minimal time intensive, cheap, and widely available (57,85).

In addition, some may regard the lack of an independent “gold standard”,
e.g., provided by morphometric image analysis, as a limitation when estimating the
percental extent of GIM. We regarded this, however, as outside the scope of our
project, in particular since the routine assessment of GIM is done by usual light
microscopy and not by morphometry or comparable tools.

Another limitation might be the use of virtual microscopy, which bears specific
technical challenges: pathologists may find it harder to move around all biopsy
specimens with the same ease as they do on a microscope. In addition, the
evaluation of scanned slides does not allow the assessment of more than one level,
thereby potentially hampering the identification of brush borders and Paneth cells.
However, the findings in our study are still relevant in view of the expected increase
in the use of virtual diagnostics in the future.

It may be of note, that this diploma thesis does not aim at evaluating the GC
risk of individuals with GIM, but rather the pathologists’ ability to subtype GIM. GIM
has similar features among low-risk and high-risk populations and the GC risk within
the Austrian population would not have any impact on the results nor the validity of
this study. Therefore, all cases were selected at a single centre, namely at the
Medical University of Graz, Research and Diagnostic Institute of Pathology. In this
context, one limitation might be that staining protocols and techniques might differ
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slightly in other parts of the world, potentially affecting the histological assessment.
Nonetheless, other interobserver studies discussed within this diploma thesis,
likewise included biopsy samples embedded and stained at a single diagnostic
institute. The asymmetrical distribution of cases in different categories of GIM
reflects the proportion of subtypes in Austria and may even be an advantage within
this study, as the observers participating in a study like this usually expect an even

distribution.

4.5 Evidence gaps and considerations for future research

Subtyping GIM is not yet fully incorporated in all clinical guidelines (89) nor included
in the routine assessment of gastric biopsies by many pathologists, particularly
outside of Europe (7,57). In order to encourage the implementation of subtyping into
clinical and pathological routine, further scientific efforts have to be undertaken and
current knowledge gaps need to be closed.

Firstly, to date, no RCTs have assessed the effect of GIM surveillance on the
detection of dysplasia, early gastric cancer, neuroendocrine tumours (NETs) and
survival (4,7,8,57,90,101). Current recommendations for surveillance intervals are
widely based on expert opinion (101). Robust evidence from RCTs is needed in
order to optimise timing of surveillance in low- to high-risk GC populations (4,90)
and in patients with present risk factors such as incomplete (57,101) or extensive
GIM (4,5,90,105). Although observational studies in regions with a varying risk of
GC have been conducted, these studies used different definitions and showed
heterogenous effects which might limit their worldwide application (8,57). Future
studies need to precisely define their outcomes by applying standardized protocols
for sampling and histological assessment (7,77) and specifying risk factors for
progression (108).

Secondly, the cost-effectiveness of management strategies that are built
upon GIM subtyping has not been investigated yet. The ESGE regards endoscopic
surveillance at a three-year interval in patients with gastric precancerous lesion in
countries with intermediate risk of GC as cost-effective based on three studies (109-
111) but welcomes further economic research for the optimal surveillance interval
(4). Endoscopic screening is currently only recommended in high-risk countries such
as Japan and Korea (4,112). A Markov cost-utility analysis from Portugal found that
combining screening upper endoscopy at the time of screening colonoscopy is cost-
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effective within this intermediate- to high-risk population (4,113). The ESGE regards
this strategy as cost-effective within European countries with a GC risk of >10
persons per 100.000 inhabitants (4).

Thirdly, the definitive clinical significance of mixed GIM cases, specifically
cases with a minor component of GIM (101), still needs to be elucidated. Clearly
defined percental cut-offs for the classification of the incomplete subtype have not
become established yet (57). The ESGE (4) refers to studies conducted by
Gonzalez et al. (82,83,85) who defined a higher GC risk for “predominant
incomplete” GIM. Tava et al. (5) proposed a cut-off of either 10% or 20% incomplete
GIM identifying patients at risk for GC.

Fourthly, it is still unclear if also general pathologists are able to subtype GIM
with sufficient agreement. Studies showed that interobserver agreement in the
diagnosis of atrophy and GIM is slightly lower among general pathologists compared
to gastrointestinal expert pathologists (69,71,72). Future interobserver variability
studies need to be conducted at a larger scale and involve also general pathologists.
Previous studies (71,100) and this diploma thesis demonstrated that the knowledge
for subtyping GIM can acquired in minimal due time and that the interobserver
agreement improves with increasing experience of pathologists. Accordingly, Shah
et al. demanded the implementation of online training modules and educational
sessions at conferences of the respective clinical and pathological societies (57).
The BSG suggested that knowledge on GIM subtyping should be incorporated in

the national curricula for gastroenterologists, surgeons, and pathologists (89).

4.6 Conclusion

In conclusion, subtyping and estimating the percental extent of GIM on H&E-stained
slides can be achieved with high interobserver agreement among international
gastrointestinal expert pathologists. The implementation of GIM subtyping as a risk-
stratifying tool in current practice guidelines by the ESGE and the AGA carried a low
rate of misclassification within this study. This diploma thesis provides the basis for
future research in the field, e.g., by expanding the evaluation to general pathologists
in a nation-wide setting, and for the potential implementation of percental GIM

assessment in the respective guidelines on gastric precancerous lesions.
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Appendix

Figure 54: Evaluation sheet.
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