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Simple Summary: Gastric adenocarcinoma is the fifth most common cancer worldwide and the
fourth most lethal. It is often asymptomatic at an early stage, when survival rates are highest (>90%)
with minimally invasive endoscopic intervention or surgery. Gastric intestinal metaplasia (GIM) is a
persistent, premalignant lesion in the stomach, arising in the context of chronic inflammation, which
predisposes one to gastric cancer. It is considered a pivotal stage along a continuum to gastric cancer
and has a median latency period of ~6 years before progression to cancer typically occurs, offering a
window of opportunity for intervention. However, only a small proportion (0.25-2.5%) with GIM
ultimately progress to cancer; therefore, approaches to surveillance vary widely around the world.
We summarise the current evidence supporting best clinical practice in the diagnosis, assessment and
management of GIM, and the opportunities to achieve precision in predictions in the coming decades.

Abstract: GIM is a persistent, premalignant lesion whereby gastric mucosa is replaced by metaplastic
mucosa resembling intestinal tissue, arising in the setting of chronic inflammation, particularly in the
context of Helicobacter pylori. While the overall rates of progression to gastric adenocarcinoma are low,
estimated at from 0.25 to 2.5%, there are features that confer a much higher risk and warrant follow-
up. In this review, we collate and summarise the current knowledge regarding the pathogenesis
of GIM, and the clinical, endoscopic and histologic risk factors for cancer. We examine the current
state-of-practice with regard to the diagnosis and management of GIM, which varies widely in the
published guidelines and in practice. We consider the emerging evidence in population studies,
artificial intelligence and molecular markers, which will guide future models of care. The ultimate
goal is to increase the detection of early gastric dysplasia/neoplasia that can be cured while avoiding
unnecessary surveillance in very low-risk individuals.
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1. Introduction

Gastric intestinal metaplasia (GIM) is a premalignant state predisposing to gastric
adenocarcinoma, a devastating and often lethal diagnosis. However, only a small pro-
portion of those with GIM develop cancer, and predicting progression has remained a
major clinical challenge. In this review, we outline the clinicopathological factors that are
known to increase the risk of progression to cancer. We reflect on the emerging directions
of management, particularly the increasing understanding of the molecular landscape of
GIM and gastric adenocarcinoma, which will be important in improving the precision of
risk stratification and optimising models of care.

2. Background
2.1. Global Burden of Gastric Cancer

Despite reducing incidence, gastric adenocarcinoma remains the fifth most com-
mon cancer worldwide, and the fourth most lethal [1]. In 2020, there were an estimated
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1,089,103 new cases (5.6% of all new cancers) and 768,793 deaths (7.7% of all cancer-related
deaths), which are projected to increase to ~1.8 million new cases and ~1.3 million deaths by
2040 [1,2]. The highest incidence is found in older males, although increasing rates amongst
the younger patients/age group (<50 years) have been reported in recent years [3,4]. There
is significant geographical variation, with higher risk in Eastern Asia (Korea, Japan, Mon-
golia, China), Eastern Europe, and Central and South America compared with Northern
America, Northern Europe, Africa and Australia [3].

Geographic risk generally correlates with the rate of infection with the Gram-negative,
spiral bacterium Helicobacter pylori [5]. It is now well-recognised as a class I carcinogen [6]
and ~50% of the world’s population are chronically infected in early life. H. pylori is
considered the predominant cause (90%) of non-cardia (lower stomach) gastric cancers,
which is the most common form globally, and economic development, improvements in
sanitation, and possibly the increased use of antibiotics have most likely led to the reduc-
tion in worldwide incidence seen in recent decades, rather than significant advances in
secondary prevention or treatment [7,8]. Exceptions to this association have been identified,
the so-called ‘African enigma’, whereby some countries with a high prevalence of H. pylori
infection have low rates of gastric cancer and other upper gastrointestinal tract disease;
multiple potential explanations have been proposed, including differing strains of H. pylori,
concurrent helminthic infection modulating the immune response, other environmental ex-
posures, and under-diagnosis in settings of socioeconomic inequality [9-11]. Additionally,
there are other biologic pathways to gastric adenocarcinoma, particularly the cardia (upper
stomach) type, where gastro-oesophageal reflux may play a major role in causing a cancer
that resembles oesophageal adenocarcinoma [12].

Several paradigms have been proposed to understand the different pathophysiological
pathways to gastric adenocarcinoma. Histologically, the Lauren classification is widely used
to divide cancers into two main types: intestinal and diffuse [13]. Intestinal-type gastric
cancer tends to be more well-differentiated, occurs in older males with H. pylori infection,
and has a better prognosis than the diffuse-type, which has more poorly differentiated
and non-cohesive cells infiltrating the wall, is seen more frequently in younger females,
and is sometimes associated with hereditary mutations in E-Cadherin (CDH1) [14,15]. The
Cancer Genome Atlas Research Network used 295 gastric cancers to characterise four
molecular subtypes to guide a better understanding of the varied cancer biologies: a chro-
mosomal instability subtype (enriched with intestinal-type tumours), a genomically stable
subtype (enriched with diffuse-type tumours), an Epstein-Barr virus-positive subtype, and
a microsatellite unstable subtype [16].

Despite the reduction in global incidence and increasing understanding of the molec-
ular characteristics, the prognosis of gastric cancer remains poor, as it is usually asymp-
tomatic until it reaches an advanced stage, and the majority of cases, therefore, present late.
The median survival of T3 or T4 stage cancers is from 3 to 5 months without treatment, or
from 6 to 14 months with palliative chemotherapy [17]. By contrast, early gastric adenocar-
cinoma has a 5-year survival rate of >90% [18], and early detection improves outcomes, as
seen in South Korea and Japan, where population-based screening increased 5-year survival
to 60-70%, as compared with <40% 3-year survival in Western countries [19-22]. Their
guidelines recommend that asymptomatic adults from 40 to 75 years of age in South Korea
and adults aged >50 years in Japan undergo biannual gastric cancer screening using upper
endoscopy [23,24]. However, it would not be practical to perform general population-based
screening in low-incidence countries; therefore, identifying an alternative risk-stratification
strategy would be of use.

2.2. Gastric Intestinal Metaplasia as a Premalignant State

Correa, in his seminal paper in 1975, proposed a model of stepwise histologic progres-
sion from normal gastric mucosa to gastritis, chronic atrophic gastritis, gastric intestinal
metaplasia, from low- to high-grade dysplasia, and, finally, intestinal-type gastric cancer
occurring in the setting of chronic inflammation [25]. The model was later updated to
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include the crucial role of H. pylori as an initiator of inflammation [26,27]. It remains unclear
whether the same pathway can lead to diffuse-type gastric cancer, although both H. pylori
and various precursor lesions in the Correa model have been shown to be in association
with diffuse-type gastric cancers [28,29].

GIM, the stage preceding dysplasia in the Correa model, is a persistent, premalignant
state characterised by the replacement of epithelial cells in the gastric mucosa with epithelial
cell types found in the intestine. GIM is itself not often the cause of any symptoms and is
usually an incidental finding on upper endoscopy for other indications.

Similar to gastric cancer, incidence of GIM mirrors the prevalence of H. pylori in the
community, occurring in up to 25% in high-incidence countries and 5% in low-incidence
countries [30]. IM may, therefore, be a form of adaptation by the gastric stem cell to protect
against chronic infection with H. pylori and promote healing [31]. H. pylori is able to evade
and manipulate both innate and adaptive immune defenses by utilising an arsenal of
microbial enzymes and virulence factors to establish chronic infection at the level of the
gastric mucous layer and epithelial surface, although only some patients develop disease,
suggestive of interactions with host genetic factors and possibly dysbiosis. Chronic H.
pylori gastritis has been associated with increased myeloid cell activation, proinflammatory
cytokines such as IL1§3, IL10, IL8, IL17 and TNF«, skewed Th1/Th17 response and a
specific IgG/IgA antibody response; polymorphisms in a number of these components
appear to predispose to clinical disease [32-35].

Duodeno-gastric reflux with bile acids is another proposed mechanism of mucosal
insult (analogous to gastric acid reflux in Barrett’s oesophagus) [36]. In both these causes of
GIM, the initial pathogenic process is thought to occur in the gastric antrum, and this is
where IM is most often initially seen, before progressing proximally towards the corpus
and fundus, often along the lesser curve of the stomach (the so-called ‘Magenstrasse’);
more extensive IM is considered a more advanced disease process [37]. In contrast, atro-
phy and intestinal metaplasia related to autoimmune gastritis, whereby T lymphocytes
and autoantibodies target parietal cells, starts in the corpus where the parietal cells are
located [38].

The development of IM is considered a pivotal stage in gastric cancer progression, and
it has been theorised that there may be a “point of no return’ at some stage along its biologic
continuum. H. pylori eradication appears to be more effective for preventing gastric cancer
before IM develops (Figure 1) [39,40], suggesting that irreversible genomic changes may
occur in the gastric epithelial stem cell in the IM state. Clonality studies have demonstrated
that metaplastic glands derive from the same clone through gland fission, and can be
genetically related to dysplastic glands, further supporting the concept of the gradual
acquisition of genetic changes until a final dysplasia-initiating event occurs [41]. Some
studies have suggested that a subset of patients with IM may still regress with eradication
of H. pylori [42,43], although assessment for histologic regression is limited by the potential
for false-negative sampling errors, whereby residual foci of IM can be missed on biopsy.
Nonetheless, such results reinforce the need for the early eradication of H. pylori to most
effectively reduce the risk of progression. Even in established IM, H. pylori eradication
appears to slow progression along the Correa cascade [44,45].

IM has been shown in meta-analysis to increase the risk of gastric cancer by 3.6-
fold [37]. The median time to progression from IM is 6.1 years [46], and this premalignant
latency period offers a window of opportunity for identification and preventative interven-
tion in high-risk individuals, such as close monitoring for the development of dysplasia,
which can be endoscopically managed with minimal invasion [46]. This can be compared
with the relatively short latency period of dysplasia to cancer (2.6 years from low-grade
dysplasia to cancer), and almost all patients proceed to gastric cancer once high-grade dys-
plasia develops [47]. The challenge is to determine which patients with GIM will progress,
with rates of progression to cancer reported to be between 0.25 and 2.5% [37,48,49].
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Figure 1. Schematic of progression along Correa cascade. Only a proportion will progress to the
next stage, but with a decreasing latency period. The efficacy of H. pylori eradication may reduce
with each subsequent step along the cascade due to accumulating genetic aberrations in the gastric
epithelial stem cell.

3. Predictors of Progression of Gastric IM
3.1. Clinical Features

In addition to H. pylori status, the two clinical factors that appear to increase the risk of
progression of GIM to malignancy are age >50 years (hazard ratio 8.8, 95% CI 1.2-68.5 [50])
and family history of gastric cancer in a first-degree relative (hazard ratio 4.5, 95% CI
1.3-15.5 [51]). A detailed family history is always required to assess for underlying heredi-
tary cancer syndromes. Other demographic and environmental risk factors implicated in a
higher risk of gastric cancer are variably linked to an elevated risk of progression in those
with GIM, including ethnicity /country of origin, smoking status, alcohol intake, concurrent
autoimmune gastritis, high salt- or nitrosamine-containing diet, low intake of fresh fruit
and vegetables, low exercise and obesity [31,51-53]. Certain exposures may increase risk in
certain subgroups of IM; one prospective study found that smoking increases the risk of
malignancy only amongst those with intermediate- or later-stage IM (based on histological
scoring systems) [53].

3.2. Endoscopic Features

The major aims of high-quality upper endoscopy are to identify regions of GIM,
determine the extent of IM and detect dysplasia or cancers. The extent of IM is defined as
‘limited” (involving only one region of the stomach, antrum/incisura or body) or ‘extensive’
(extending beyond one region), with extensive IM conferring a 2-fold increased risk of
progression compared with limited IM [51,54]. As outlined previously, dysplasia is the
penultimate step in the Correa cascade before cancer, and identifying the visible foci of
dysplasia allows for endoscopic intervention. Further emphasising the need for meticulous
examination, a recent meta-analysis has demonstrated that ~10% of upper gastrointestinal
cancers are missed at endoscopy within 3 years of diagnosis [55].

To optimise upper endoscopy, a mean procedure time of 7 min or longer has been
associated with a significantly higher detection rate for dysplasia or neoplasia (odds ratio
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3.42, 95% CI11.25-10.38) [56]. A small volume of simethicone solution & N-acetylcysteine,
administered 31-60 min before upper endoscopy, can help to attain optimal mucosal visibil-
ity [57-60]. Detailed photo-documentation of all major anatomical landmarks from multiple
angles should be routine (pylorus, antrum, incisura, transition zone, lesser and greater
curves, fundus and cardia). Practices vary around the world but groups in Asia, where
population-based endoscopic screening is performed, have proposed systematic screen-
ing protocols with at least 20-22 photographs to photo-document a standard screening
gastroscopy [61].

Endoscopic changes consistent with different stages along the Correa cascade are
readily distinguishable on careful examination. Atrophic gastritis is associated with a
marginal turbid band (MTB), an enclosing whiteish line on the epithelial surface. GIM
is also associated with MTB, and as it becomes more severe, a light-blue crest (LBC) also
develops, which is a fine blue-white line on the crest of the epithelial surface. MTB is
highly sensitive for GIM, while LBC is highly specific; a prospective study of 47 patients
in South Korea found that the sensitivity, specificity and accuracy for MTB and LBC in
GIM were 100%/66%/81.7% and 72.1%/96.0%/84.9%, respectively, using histology as the
gold-standard [62].

Because MTB and LBC are often best appreciated with magnification endoscopy,
which has had limited availability until recently, particularly in the Western world [63], the
use of image-enhanced endoscopy (IEE) has been investigated as a means of improving
detection. Equipment-based IEE techniques, which do not need complex dyes, include
narrow-band imaging (NBI), for which there is the most evidence, as well as flexible spectral
imaging colour enhancement and i-SCAN. With standard magnification and NBI alone, a
blue-whiteish area or tubulovillous pattern can be appreciated in GIM (Figure 2). Second-
generation NBI consistently outperforms high-definition white-light endoscopy (HD-WLE)
for the detection of GIM and dysplasia, where sensitivity has been reported in the range
of 25-75% with a high specificity of >90% [64-66]. A meta-analysis published in 2023
by Rokkas and Ekmetzoglou reviewed five studies assessing NBI without magnification
endoscopy for the detection of IM and reported a pooled sensitivity of 70% (from 55 to 82%)
and specificity 94% (from 66 to 99%) with AUC 0.84; the sensitivity and AUC improved
to 85% and 95% if magnification was used [67]. Further, NBI has a sensitivity of 87% and
specificity of 97% for the detection of early cancerous lesions associated with an irregular
and architecturally distorted mucosal and vascular appearance; sensitivity improves to
>90% when magnification is used [68]. It is noteworthy that the definition of magnification
endoscopy varies and can refer to a combined optical and digital magnification of 1.5x,
or higher optical magnifications of up to 125-150x, with the latter generally requiring
specialised endoscopes [63]. Rokkas and Ekmetzoglou did not divide these studies in their
meta-analysis, but there is no obvious trend when comparing each study individually, and
in a retrospective study with digital 1.5 x magnification, which is found on most modern
standard endoscopes, the sensitivity and specificity was 85% and 98%, respectively [69]
(Table 1). Other forms of IEE, particularly blue laser imaging with magnification, have
shown similar superior results compared to the use of white light alone [68,70]. IEE with
magnification should, therefore, be a routine component of the assessment.

Other advanced endoscopic techniques, including confocal microscopy, chromoen-
doscopy with or without magnification, and Raman spectroscopy, have all shown very
high sensitivity and specificity for the detection of IM with area under the curve >0.90,
but their expense, complexity (adding to procedural time) and steep learning curve have
limited their uptake and utility in clinical practice [71-74].
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Figure 2. Endoscopic appearance of GIM with NBI. Non-magnification NBI (left) demonstrates
a blue-whitish, tubulovillous pattern in the gastric antrum. A white turbid band (yellow arrow)
and light blue crest (blue arrow) can be appreciated. Digital magnification (1.5x) with near-focus
NBI (right) is focused on the region of GIM adjacent to an erosion (black arrow) with increased
vascular prominence.

Table 1. Characteristics of the six studies [67] utilising magnification endoscopy with NBI for the
identification of GIM.

Study Participants Study Design Endoscope Magnification Sensitivity Specificity
Uedo et al. (2006) [75] ]Z}gzn Prospective GIF-Q240Z 80x (optical) (838—9902)%) (889_3;;’% |
Anetal. (2012) [62] South Korea Prospective GIF-H260Z 85x (optical) 72.1% 96.0%
Sa(‘z’gig;"[%]al- I}gloy Prospective GIF-Q160Z 115x (optical) (678_09"/2"%) (939_69(’3’% |
Ang et al. (2015) [65] Asia415’§ciﬁc Prospective GIF-290 and 190 Unclear (80.2'93;{"5%) (852393;/ 39 )
Dr?fgfg)a[r};]t a Romunia Prospective HQ-190 150 (optical) (78%113;/3@) (69.9—8070.9%)
SObn(gg-lgﬁggi etal Masico Retrospective H-180 1.5x (digital) (76.78—590{0.4%) (96.7—905;).9%)

There are two major schools of thought regarding the need for non-targeted map-
ping biopsies in addition to careful endoscopic assessment with the targeted biopsies of
suspicious lesions outlined above.

Some advocate for mapping biopsies, generally applying the updated Sydney pro-
tocol with samples from antrum greater and lesser curvatures, corpus greater and lesser
curvatures, and the incisura [78]. As mentioned, a meta-analysis has demonstrated that
standard IEE does not have 100% sensitivity for all IM or dysplasia [68]. In a prospective
study by Buxbaum et al., 112 patients underwent HD-WLE and NBI examinations by two
separate endoscopists, and subsequent targeted biopsies, followed by updated Sydney
protocol mapping; a per-patient analysis showed that 100% of IM cases would have been
detected by NBI with mapping, whereas 70.6% would have been seen on NBI with HD-WLE
and 82.4% on HD-WLE with mapping [66]. Notably, NBI alone appeared to miss seven of
eight cases of IM in the body, as seen on the mapping; it is unclear whether any cases would
have been misclassified as limited rather than extensive IM. Further, in a comparative
study of NBI-targeted biopsies and white light with mapping in 119 participants, dysplasia
was found in 10% when using WLE and mapping, but was seen in 7% when using only
NBI-targeted biopsy (p = 0.5); there was an additional case of gastric cancer that was only
detected with WLE and mapping [79]. These data support the use of routinely updated
Sydney protocol mapping in addition to NBI to increase yield.
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However, some have pointed out heterogeneities in the study results, suggesting a
learning curve, and that the above studies did not use magnification endoscopy; therefore,
in experienced hands, mapping may be less beneficial at the expense of a longer procedure
time and more biopsies [80]. Furthermore, it has not been clearly demonstrated that the
additional findings from non-targeted biopsies change management or outcomes in most
cases, as IM can be a patchy process and it is the overall impression which determines
outcomes. Indeed, a more recent study in 95 patients where a non-expert endoscopist
performed NBI-targeted biopsy in each of five regions of the stomach, or random biopsy if
no targets could be identified, found that, even with a relatively inexperienced proceduralist
(60 cases of IM only), the sensitivity for detecting extensive IM with magnification NBI-
targeted biopsy was 88.4% (versus 100% with mapping), and the negative predictive value
was 94.7% [81].

Overall, updated Sydney protocol mapping should be strongly considered where
magnification endoscopy is unavailable, in low-to-moderate-incidence settings where
experience with endoscopic techniques is lower, or in high-risk individuals.

To further address the concept of a global assessment of upper endoscopy as a risk
predictor, whereby more extensive disease confers a more progressed state, the Endoscopic
Grading of Gastric IM (EGGIM) scoring system was proposed in 2017 [82]. This involves
the use of IEE to assess the same five regions of the stomach that are assessed with the
updated Sydney protocol. For each region, extent is scored as 0 (no IM), 1 (<30% IM) or 2
(>30% IM), giving a maximum score of 10. An EGGIM score >5 is considered higher risk,
and a small 2022 meta-analysis of three studies demonstrated an odds ratio of 7.46 (95% CI
3.41 to 16.31) for early gastric neoplasia when compared with EGGIM 04 [83].

3.3. Histologic Features

Currently, histology remains an important tool for confirming a diagnosis of IM,
excluding dysplasia or cancer, and as an adjunctive tool for the diagnosis of H. pylori. The
Operative Link on Gastritis Assessment (OLGA) and Operative Link on Gastric Intestinal
Metaplasia Assessment (OLGIM) systems were developed to grade and stage atrophic
gastritis and GIM based on Sydney protocol biopsies [84,85]. In each, the severity of
atrophy/IM in the antrum (including incisura) and body are combined to provide an
overall staging (Table 2). The assessment and scoring of IM are generally more consistent
than atrophic gastritis, with less interobserver variation [85].

Table 2. OLGA and OLGIM staging systems.

ANTRUM
(INCLUDING
INCISURA)

ANTRUM
(INCLUDING
INCISURA)

CORPUS (BODY)

Atrophy Score No atrophy (0) Mild atrophy (1) Moderate atrophy (2) Severe atrophy (3)
No atrophy (0) Stage 0 Stage [ Stage II Stage 11
Mild atrophy (1) Stage I Stage [ Stage II Stage 111
Moderate atrophy (2) Stage II Stage II Stage 11 Stage IV
Severe atrophy (3) Stage III Stage III Stage IV Stage IV

CORPUS (BODY)
IM Score No IM (0) Mild IM (1) Moderate IM (2) Severe IM (3)

No IM (0) Stage 0 Stage [ Stage I Stage 11
Mild IM (1) Stage | Stagel Stage 11 Stage 111
Moderate IM (2) Stage II Stage II Stage III Stage IV
Severe IM (3) Stage III Stage III Stage IV Stage IV

Higher stage (OLGA/OLGIM III/1V) is associated with a higher risk of gastric cancer
as compared with lower-stage atrophy/IM, as demonstrated in a meta-analysis published
in 2018, where the odds ratios for gastric cancer for OLGA and OLGIM, respectively, were
2.64 (95% CI: 1.84-3.79) and 3.99 (95% CI: 3.05, 5.21). Importantly, EGGIM >5 has high
concordance with OLGIM III/IV with an AUC of 0.97, reinforcing the role of endoscopic
evaluation as a means of risk assessment [83].
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However, OLGIM stage I/1I still carries an increased risk of cancer. Marcos et al.
found, in a case-control study, that OLGIM I/II was associated with an increased risk
of early gastric neoplasia compared to no IM (adjusted odds ratio 11.5, 95% CI from 4.1
to 32.1) [86]. More recently, the Singapore Gastric Cancer Epidemiology and Molecular
Genetics Programme (GCEP), a longitudinal, prospective study of 2980 patients undergoing
screening gastroscopy (44.3% with IM), reported that, amongst patients with OLGIM II, the
rate of early gastric neoplasia was 108.8/100,000 person—years, with a hazard ratio of 7.34
(95% CI1.60 to 33.7) [53].

GIM has been further histologically classified as complete (type I) or incomplete (type
II and III). Complete IM resembles small-intestinal epithelium with a brush border, Paneth
cells, eosinophilic enterocytes and well-formed goblet cells. Incomplete IM adopts a more
colonic-appearing epithelium, with no brush border, and irregular mucin droplets (Figure 3).
Within incomplete IM, types II and III have been traditionally distinguished on high-iron
diamine and Alcian-blue/periodic acid Schiff (AB-PAS) staining, with type Il demonstrating
sialomucins and type III predominantly showing sulfomucins [87]. Both complete and
incomplete IM are associated with a gain in intestinal mucin (MUC2), but complete IM is
generally associated with the loss of gastric mucin markers (MUC1, MUC5AC and MUCS6),
whereas in incomplete IM, these are frequently preserved [88,89]. This suggests a less
differentiated phenotype in incomplete IM, which may confer a higher risk of premalignant
change. In keeping with this, clinical studies have consistently shown that incomplete
IM is associated with 3.7-fold risk of dysplasia compared to complete IM, and type 3
confers 2.9-fold higher risk than type 2 [90]. In clinical practice, distinctions between the
type 2 and 3 IM are not routinely made, as high-iron diamine is no longer used in most
laboratories due to concerns regarding its toxicity. The distinction between complete and
incomplete IM can still be made based on morphology with routine haematoxylin-eosin
staining [91]. However, although incomplete IM is a clear marker of risk, its inclusion
in guidelines has been variable, in part because of concerns regarding its reproducibility
between pathologists [92].

Figure 3. AB-PAS staining of GIM. Complete IM (left) with small intestinal epithelium characteristics
such as brush border (black arrow) and goblet cells (white arrow). Incomplete IM (right) with colonic
epithelium characteristics with no brush border and altered mucin staining (here, acidic, which
appears in blue, denoted by the yellow arrow).

3.4. Current Guidelines

Reflecting the uncertainty surrounding the optimal management of GIM, recommen-
dations from national societies in low-incidence countries are varied (Table 3). The North
American association guidelines do not recommend routine surveillance of non-dysplastic
GIM [93]; in contrast, the British Guidelines recommend either a thrice yearly surveillance
for most cases, or no surveillance in cases with limited IM [92]. The European guidelines
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provide the most detailed recommendations for determining differing surveillance inter-
vals, taking into account topography (extensive versus limited), family history and the
persistence of H. pylori, the presence of ‘severe atrophy’ or incomplete IM and concurrent
autoimmune gastritis, while not recommending surveillance for limited IM [94]. However,
EGGIM or OLGA /OLGIM scoring are not routinely included, and some at-risk individuals
(as previously discussed) may, therefore, be missed.

Table 3. Comparison of gastric IM guidelines from European Society of Gastrointestinal Endoscopy
(ESGE), British Society Guidelines (BSG) and American Gastroenterology Association (ACG).

ESGE (2019) BSG (2019) AGA (2020)
Extensive IM Thrice yearly Thrice yearly Routine surveillance not recommended.
Limited IM, no risk factors No surveillance No surveillance Patients with GIM at higher risk for
Limited IM, family history OR gastric cancer who place high value on
incomplete or persistent Thrice yearly Thrice yearly potential but uncertain reductions in
H pylori gastric cancer mortality, and who place
Limited IM, severe atrophy Thrice yearly Thrice yearly a low value on the potential risks of
Limited IM, severe atrophy, . . . surveillance endoscopies, may
family history Considered 1-2 times a year Thrice yearly reasonably elect for surveillance.
Autoimmune gastritis Considered 3-5 times a year Consider surveillance 3-5 times a year.

4. Future Directions
4.1. Approaches to Population-Level Screening and Surveillance

Many uncertainties remain in the risk stratification and management of GIM. At
the population level, screening for GIM is not generally recommended in low-incidence
countries as it is not thought to be cost-effective [95]. Several studies have shown cost-
effectiveness in intermediate-risk settings such as in Singapore, particularly when gas-
troscopy is combined with same-day colonoscopy [96-98]. However, whether there are
subgroups within low-incidence countries, such as ethnic groups with a higher incidence
of IM and those with long-standing H. pylori infection, where screening should be con-
sidered (similar to the practice in screening for Barrett’s oesophagus), is still to be deter-
mined [99,100].

Furthermore, after GIM has been diagnosed, the current screening schedules (3 years
in most guidelines) have not been tested with randomised prospective studies. Of note,
in the longitudinal follow-up study of 1755 Italian patients who had undergone upper
endoscopy for dyspepsia, the earliest gastric cancer occurred at 23 months in an OLGIM
III patient [101]. In the Singaporean GCEP study, the median time to gastric neoplasia in
the OLGIM III/1V group was 22.7 months (range 12.7-44.8 months) and in the OLGIM II
group, it was 50.7 months (range 28.4-73.3) [53]. These two studies suggest that a shorter
timeframe to follow-up may be required in high-risk individuals.

On the other hand, evidence supporting the practice of discontinuing surveillance
in perceived ‘low risk” (usually limited IM) patients is required. A dynamic change on
follow-up endoscopy is one strong predictor of risk, which may be able to guide discharge
from surveillance. Song et al. suggested that if any progression in IM was seen on follow-up
endoscopy, the standardised incidence ratio of cancer was 30-40, whereas there was no
significant difference in incidence for groups with non-progression or regression of IM [49].

4.2. Artificial Intelligence and Machine Learning

At the procedural level, artificial intelligence (Al) to enhance endoscopic diagnosis is
likely to be the major advance in the coming decades and may help to reduce the hetero-
geneity seen in studies of endoscopic assessment. Two groups, using convolutional neural
networks, have developed systems for detecting IM using magnification endoscopy IEE,
yielding sensitivities of >90%, specificity 70-85% and accuracy ~90%, and outperforming
endoscopists [102,103]. Models have also been developed to detect atrophic gastritis and
active H. pylori infection, although the accuracy of the latter is slightly lower [104,105]. Evi-
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dence of endoscopic features that can distinguish complete and incomplete IM is currently
lacking, but would be an area for further Al studies, given the prognostic significance of
identifying incomplete IM.

4.3. Biomarkers

Although Al may reduce the need for biopsies to confirm diagnosis, tissue is likely to
still play a role in the risk stratification and management of IM, as new histological and
molecular markers are discovered and utilised. Given the concern regarding subjectivity in
reporting complete and incomplete IM, there has been interest in tissue biomarkers, which
may aid in subtyping.

SLFNGS is expressed by T lymphocytes in gastric mucosa and is upregulated by inflam-
mation. On immunohistochemical staining and subsequent scoring, the SLFN5 stromal
score was found to be a significant risk factor for progression to both cancer (OR 18.1,
95% CI 4.14-79.1) and incomplete IM (OR 71.3, 95% CI17.14-712.9).

AQP3 is expressed on goblet cells in IM and was demonstrated to be associated with
both increased severity and type III incomplete IM [106,107].

More recently, CD10, which is a brush border protein found only in small intestine
(and not in colon) was shown to have excellent sensitivity and specificity for complete IM
(87.5-94.9% and 97-100%, respectively) [108]; the same study found that Das1, an antibody
to the colon epithelial protein, was associated with both incomplete IM and also with
complete IM in patients with concurrent gastric cancer, and therefore may be a biomarker
that can predict risk regardless of histological subtype.

More work is required to validate the findings with these four biomarkers in prospec-
tive cohorts and translate them into clinical practice.

Multiple non-invasive biomarkers have also been investigated as a means of screening
for atrophy, IM, dysplasia or cancer, but few have progressed beyond the preclinical stage.
Of these, the pepsinogen I/1I ratio has been most widely investigated. This is based on the
concept that pepsinogen 1 is secreted by fundic glands in the gastric fundus and body, while
pepsinogen Il is secreted by the entire stomach and duodenum; therefore, pepsinogen I and
pepsinogen 1/1I ratio will fall with increasing inflammation/atrophy [109]. Serum gastrin,
which is produced in antral G cells and therefore tends to rise with gastritis affecting the
corpus and fall with antral-predominant atrophic gastritis, and H. pylori serology have been
combined with the pepsinogen I/1I ratio to improve performance [110-112]. While the
results have been promising, the uptake of these tests in the clinical setting has been limited
due to variability in the cut-offs, sensitivities and specificities of different assays [113].

4.4. Genomic, Epigenomic and Molecular Markers Uncover the Pathogenesis of IM and
Stratify Risk

(Epi)genomic changes in IM were profiled to better understand the molecular drivers
underpinning its pathogenesis, which may present future targets for intervention. Huang
et al. profiled 138 cases of IM, as expected, revealing a higher mutation rate than normal
controls (albeit much lower compared to non-hypermutated gastric cancer: 2.6 versus
6.9 mutations/Mb), with mutations in FBXW?7 (a tumour-suppressor gene) appearing to
recur [114]. This is in keeping with the idea that the accumulation of genomic instability
in the IM state predisposes to cancer. Amongst this cohort, shortened telomeres and
chromosome 8q amplification were associated with subsequent dysplasia or cancer [114].
The same study showed that global DNA hypermethylation increased above normal
samples, and at higher levels with more severe IM, while intragenic hypomethylation was
a feature of gastric cancers.

In a more recent study by the same group, which is currently in pre-print without
finalised peer-review (8 June 2023), 26 IM driver genes were identified. This included SOX9
mutation (transcription factor involved in stem cell homeostasis), which was enriched
in pre-cancerous lesions, whereas mutations in ARIDIA (chromatin regulator), KRAS
and TP53 were enriched in gastric cancers [115]. By utilising spatiotemporal genomic
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profiling and transcriptomics, the proportion of intestinal lineage cells was demonstrated
to increase in severe IM while gastric isthmus cells reduced, and gastric cancer cells most
closely resembled intestinal stem cells. This supports the theory that the gastric stem
cell undergoes genetic changes under stress, which gives rise to both IM and eventual
cancer. One interesting theory raised by Huang et al. on the basis of their transcriptomic
data, which may link multiple aspects of premaligant gastric lesions, is the possibility
that spasmolytic peptide expressing mucosa (SPEM), an alternative premalignant lesion
to gastric cancer initially described through animal studies [116], may be closely related
to a subset of incomplete IM in the gastric corpus/cardia. Different populations of gastric
epithelial stem cells have been described between the antrum, corpus isthmus and corpus
base, characterised by different markers including Lgr5+, Mistl+ and Troy+ [31]; how each
of these may give rise to different premalignant or malignant lesions is an area of ongoing
research. Indeed, multiple foci of IM within a patient may arise from multiple different
stem cells and exhibit different features.

A final area of emerging interest is the role of non-coding RNA, such as microRNA,
which may modulate a range of cellular processes, and thereby predispose to or protect
against malignancy [117]. Alterations in microRNA pattern are seen with H. pylori in-
fection, as well as separate stages along the Correa cascade [118]. The serum level of
the microRNA17-92 cluster has been proposed as a non-invasive test to predict intestinal
metaplasia with an AUC of up to 0.996, sensitivity of 98% and specificity of 95% compared
with normal controls, and an AUC of up to 0.988, sensitivity of 93% and specificity of
96% compared with gastric cancer [119]. This will require prospective validation but is a
promising future biomarker and potential therapeutic target.

It is likely that integrating genomic and molecular data will allow for better risk
stratification. A combined clinical-genomic model has been proposed, based on the GCEP
data, which may outperform clinical-only models (AUC 0.846 versus AUC 0.707), but this
will need to be validated in other cohorts [115].

4.5. Microbiome and the Immune Landscape

The possibility of dysbiosis serving as a contributor to IM and cancer pathogenesis
has been raised [120,121]. Differing patterns in gastric microbiome diversity have been
described in the premalignant versus malignant, and pre-H. pylori eradication versus post-
eradication states, although there is significant heterogeneity in these findings [122-124].
Chronic inflammation again likely plays a role; Huang et al. identified, on transcriptomic
data, a subset of IM found in the gastric body, which was associated with increased clusters
of bacterial communities normally associated with the oral cavity and with higher inflam-
matory signatures [115]. The gastric microbiome presents a potential future therapeutic
target in treatment or prevention, but substantial work is required to better understand the
mechanisms of action and provide widely available testing in the clinical setting.

The immune landscape of IM likely plays a role in determining which cases progress,
but there have been limited data to date. Some studies have shown reduced CD4 and CD8
T lymphocytes with advancements along the Correa cascade, suggestive of altered immune
surveillance, but there have been variations in this trend [125-127]. Song et al. profiled
the immune environment using CIBERSORT to show that the proportion of regulatory T
lymphocytes and undifferentiated (M0) macrophages was higher than normal controls,
while the proportion of CD4 memory T lymphocytes and dendritic cells was lower [128].
The interaction of these cells with each other and IM warrants further investigation, as well
as the intersection with the specific immune response to H. pylori [129,130].

4.6. Utilising Integrated Variables to Increase Precision of Risk Prediction

In low-incidence countries, current guidelines for surveillance intervals for GIM
consider, to varying degrees, a small number of clinical, endoscopic and histological risk
factors (Table 3), with limited prospective studies to support current practices. These
algorithms will become more accurate and refined with the increasing data available for
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the risk stratification of patients, as outlined above. One area of research will be the
interaction between these various risk factors, and how they modulate an individual’s
overall risk. An aspirational ideal is the development of risk calculators, using a rubric
that can accurately integrate clinical, endoscopic, histological, and molecular risk factors
to produce an overall risk score (Figure 4). Prospective studies will then be required to
validate the shorter surveillance intervals for those at the highest risk, and longer intervals,
or the even cessation of surveillance, in those at the lowest risk.

Age >50
story in 1%t degree relative — consider genetics if »2 or DGC<40yrs

ty / Country of origin (Asia, South America>Caucasian >?Africa)

Clinical H. pylori status, PHx abdominal radiation
?Smoking ?Alcohol ?Diet ?0besity ?Exercise ?Autoimmune gastritis
?Concurrent helminthic infection ?H. pylori type/persi
Use of IEE, magnification, mapping
Quality markers of endoscopy —
. procedure >7 mins, use of simethicone

EﬂdOSCOpIC prior, number of photographs =8

Al-algorithms for dysplasia and

Pincomplete 1M
H istologic Consider dynamic change over time Dysplasia
?Biomarkers
" ?Pepsinogen I/11
DNA and RNA sequencing ImicroRNA
Molecular Epigenomic profiling
B ; g ?Microbiome
Spatial transcriptomics
Microbiome and immunclogical studies ?Immune environment
Number of riskfactors 0 =20
Integrated risk of progression to gastric cancer determines Endoscopic therapy
screening interval, which can change over time and period of close
Surveillance interval  Discharse? Syearly  3yearly Z2yesrly  Annually? surveillance (6 months)

Figure 4. Proposed rubric for risk stratification of GIM. Currently, cumulative risk factors guide
surveillance intervals. In future, an integrated risk score may allow for better precision prediction to
guide surveillance.

5. Conclusions

Gastric cancer will continue to be a cause of significant morbidity and mortality in the
coming decades, particularly in view of the aging global population. While population-
based screening has been a practical and successful approach in high-risk settings to
improve outcomes, it will not be cost-effective or viable in lower-incidence populations.
Therefore, focus has been placed on the detection of premalignant lesions, the most recog-
nised and studied of which is GIM. However, only a small proportion of those with GIM
will progress to dysplasia and cancer, and this risk is heterogeneous, representing a bur-
den of oversurveillance to some individuals and the healthcare system. A few major risk
factors were identified: advanced age, family history, probably non-Caucasian ethnicity
and smoking, extensive topography, severe atrophy and incomplete IM on histology. Map-
ping biopsies are likely to continue to play a role in management, particularly as further
immunohistochemistry, genomic studies, single-cell and spatial transcriptomics is being
utilised to identify better predictors of risk. Al with deep convoluted neural networks is
likely to improve detection, even amongst expert endoscopists, as has been demonstrated
with the adenoma detection rate in colonoscopy [131]. Clinical studies are required to
prospectively assess these risk factors in the real-world setting, and to optimise surveillance
intervals (or, conversely, determine who can be safely discharged from follow-up).



Cancers 2023, 15,3913 13 of 18

Author Contributions: D.T. and A.B. conceived and designed the study and conducted the literature
review. D.T. authored the first draft of the paper. R.A.B. assisted in writing the paper and providing
resources for the creation of figures within the paper. A.B. made substantial inputs into all drafts of
the paper. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.
11.

12.

13.

14.

15.

16.
17.

18.
19.

20.
21.

Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer |. Clin. 2021, 71, 209-249. [CrossRef]
[PubMed]

Morgan, E.; Arnold, M.; Camargo, M.C.; Gini, A.; Kunzmann, A.T.; Matsuda, T.; Meheus, F; Verhoeven, R.H.A.; Vignat, J.;
Laversanne, M.; et al. The current and future incidence and mortality of gastric cancer in 185 countries, 2020-40: A population-
based modelling study. eClinicalMedicine 2022, 47, 101404. [CrossRef] [PubMed]

Arnold, M.; Park, ].Y.; Camargo, M.C.; Lunet, N.; Forman, D.; Soerjomataram, I. Is gastric cancer becoming a rare disease? A
global assessment of predicted incidence trends to 2035. Gut 2020, 69, 823-829. [CrossRef] [PubMed]

Heer, E.V,; Harper, A.S.; Sung, H.; Jemal, A.; Fidler-Benaoudia, M.M. Emerging cancer incidence trends in Canada: The growing
burden of young adult cancers. Cancer 2020, 126, 4553-4562. [CrossRef] [PubMed]

Hooi, ] K.Y,; Lai, W.Y,; Ng, WK.; Suen, M.M.Y,; Underwood, EE.; Tanyingoh, D.; Malfertheiner, P.; Graham, D.Y.; Wong, VW.S,;
Wu, J.C.Y;; et al. Global Prevalence of Helicobacter pylori Infection: Systematic Review and Meta-Analysis. Gastroenterology 2017,
153, 420-429. [CrossRef] [PubMed]

International Agency for Research on Cancer. Polychlorinated Dibenzo-Para-Dioxins and Polychlorinated Dibenzofurans. In
IARC Monographs on the Evaluation of Carcinogenic Risks to Humans; International Agency for Research on Cancer: Lyon, France,
1997.

Karimi, P; Islami, F; Anandasabapathy, S.; Freedman, N.D.; Kamangar, F. Gastric cancer: Descriptive epidemiology, risk factors,
screening, and prevention. Cancer Epidemiol. Biomark. Prev. 2014, 23, 700-713. [CrossRef]

Plummer, M.; de Martel, C.; Vignat, J.; Ferlay, J.; Bray, F.; Franceschi, S. Global burden of cancers attributable to infections in 2012:
A synthetic analysis. Lancet Glob. Health 2016, 4, e609—€616. [CrossRef]

Fox, J.G.; Beck, P; Dangler, C.A.; Whary, M.T.; Wang, T.C.; Shi, H.N.; Nagler-Anderson, C. Concurrent enteric helminth infection
modulates inflammation and gastric immune responses and reduces helicobacter-induced gastric atrophy. Nat. Med. 2000, 6,
536-542. [CrossRef]

Holcombe, C. Helicobacter pylori: The African enigma. Gut 1992, 33, 429-431. [CrossRef]

Kidd, M.; Louw, J.A.; Marks, I.N. Helicobacter pylori in Africa: Observations on an ‘enigma within an enigma’. J. Gastroenterol.
Hepatol. 1999, 14, 851-858. [CrossRef]

Mukaisho, K.; Nakayama, T.; Hagiwara, T.; Hattori, T.; Sugihara, H. Two distinct etiologies of gastric cardia adenocarcinoma:
Interactions among pH, Helicobacter pylori, and bile acids. Front. Microbiol. 2015, 6, 412. [CrossRef]

Berlth, F.; Bollschweiler, E.; Drebber, U.; Hoelscher, A.H.; Moenig, S. Pathohistological classification systems in gastric cancer:
Diagnostic relevance and prognostic value. World ]. Gastroenterol. 2014, 20, 5679-5684. [CrossRef]

Qiu, M.-Z,; Cai, M.-Y,; Zhang, D.-S.; Wang, Z.-Q.; Wang, D.-S.; Li, Y.-H.; Xu, R.-H. Clinicopathological characteristics and
prognostic analysis of Lauren classification in gastric adenocarcinoma in China. J. Transl. Med. 2013, 11, 58. [CrossRef]

Chen, Y.C,; Fang, W.L.; Wang, R.E; Liu, C.A,; Yang, M.H,; Lo, S.S.; Wu, C.W,; Li, A.E; Shyr, YM.; Huang, K.H. Clinicopathological
Variation of Lauren Classification in Gastric Cancer. Pathol. Oncol. Res. 2016, 22, 197-202. [CrossRef]

Comprehensive molecular characterization of gastric adenocarcinoma. Nature 2014, 513, 202-209. [CrossRef]

Hu, H.-M,; Tsai, H.-J.; Ku, H.-Y;; Lo, S.-S.; Shan, Y.-S.; Chang, H.-C.; Chao, Y.; Chen, J.-S.; Chen, S.-C.; Chiang, C.-J.; et al. Survival
outcomes of management in metastatic gastric adenocarcinoma patients. Sci. Rep. 2021, 11, 23142. [CrossRef]

Sano, T.; Katai, H.; Sasako, M.; Maruyama, K. The management of early gastric cancer. Surg. Oncol. 2000, 9, 17-22. [CrossRef]
Asaka, M.; Mabe, K. Strategies for eliminating death from gastric cancer in Japan. Proc. Jpn. Acad. Ser. B Phys. Biol. Sci. 2014, 90,
251-258. [CrossRef] [PubMed]

Park, ].M.; Kim, Y.H. Current approaches to gastric cancer in Korea. Gastrointest. Cancer Res. 2008, 2, 137-144. [PubMed]
Arnold, M.; Morgan, E.; Bardot, A.; Rutherford, M.].; Ferlay, J.; Little, A.; Meller, B.; Bucher, O.; De, P.; Woods, R.R; et al.
International variation in oesophageal and gastric cancer survival 2012-2014: Differences by histological subtype and stage at
diagnosis (an ICBP SURVMARK-2 population-based study). Gut 2022, 71, 1532-1543. [CrossRef] [PubMed]


https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.1016/j.eclinm.2022.101404
https://www.ncbi.nlm.nih.gov/pubmed/35497064
https://doi.org/10.1136/gutjnl-2019-320234
https://www.ncbi.nlm.nih.gov/pubmed/32001553
https://doi.org/10.1002/cncr.33050
https://www.ncbi.nlm.nih.gov/pubmed/32770762
https://doi.org/10.1053/j.gastro.2017.04.022
https://www.ncbi.nlm.nih.gov/pubmed/28456631
https://doi.org/10.1158/1055-9965.EPI-13-1057
https://doi.org/10.1016/S2214-109X(16)30143-7
https://doi.org/10.1038/75015
https://doi.org/10.1136/gut.33.4.429
https://doi.org/10.1046/j.1440-1746.1999.01975.x
https://doi.org/10.3389/fmicb.2015.00412
https://doi.org/10.3748/wjg.v20.i19.5679
https://doi.org/10.1186/1479-5876-11-58
https://doi.org/10.1007/s12253-015-9996-6
https://doi.org/10.1038/nature13480
https://doi.org/10.1038/s41598-021-02391-z
https://doi.org/10.1016/S0960-7404(00)00018-9
https://doi.org/10.2183/pjab.90.251
https://www.ncbi.nlm.nih.gov/pubmed/25169671
https://www.ncbi.nlm.nih.gov/pubmed/19259291
https://doi.org/10.1136/gutjnl-2021-325266
https://www.ncbi.nlm.nih.gov/pubmed/34824149

Cancers 2023, 15,3913 14 of 18

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Zhang, X.; Li, M.; Chen, S.; Hu, J.; Guo, Q.; Liu, R,; Zheng, H.; Jin, Z.; Yuan, Y,; Xi, Y.; et al. Endoscopic Screening in Asian
Countries Is Associated With Reduced Gastric Cancer Mortality: A Meta-analysis and Systematic Review. Gastroenterology 2018,
155, 347-354.€9. [CrossRef]

Park, H.A.; Nam, S.Y,; Lee, S.K.; Kim, S.G.; Shim, K.N.; Park, S.M.; Lee, S.Y.; Han, H.S.; Shin, Y.M.; Kim, K.M.; et al. The Korean
guideline for gastric cancer screening. J. Korean Med. Assoc. 2015, 58, 373-384. [CrossRef]

Hamashima, C. Cancer screening guidelines and policy making: 15 years of experience in cancer screening guideline development
in Japan. Jpn. J. Clin. Oncol. 2018, 48, 278-286. [CrossRef] [PubMed]

Correa, P; Haenszel, W.; Cuello, C.; Tannenbaum, S.; Archer, M. A model for gastric cancer epidemiology. Lancet 1975, 2, 58-60.
[CrossRef]

Correa, P. The biological model of gastric carcinogenesis. IARC Sci. Publ. 2004, 157, 301-310.

Correa, P.; Houghton, J. Carcinogenesis of Helicobacter pylori. Gastroenterology 2007, 133, 659—672. [CrossRef] [PubMed]

Cho, S.J.; Choi, 1].; Kim, C.G.; Lee, ].Y.; Kook, M.C.; Seong, M.W.; Park, S.R.; Lee, ].S.; Kim, YYW.; Ryu, K.W.,; et al. Helicobacter
pylori Seropositivity Is Associated with Gastric Cancer Regardless of Tumor Subtype in Korea. Gut Liver 2010, 4, 466—474.
[CrossRef] [PubMed]

Yun, C.Y;; Kim, N.; Lee, J.; Lee, ].Y,; Hwang, Y.J.; Lee, H.S.; Yoon, H.; Shin, C.M.; Park, Y.S.; Kim, ].W.; et al. Usefulness of OLGA
and OLGIM system not only for intestinal type but also for diffuse type of gastric cancer, and no interaction among the gastric
cancer risk factors. Helicobacter 2018, 23, €12542. [CrossRef] [PubMed]

Altayar, O.; Davitkov, P,; Shah, S.C.; Gawron, A.]J.; Morgan, D.R.; Turner, K.; Mustafa, R.A. AGA Technical Review on Gastric
Intestinal Metaplasia-Epidemiology and Risk Factors. Gastroenterology 2020, 158, 732-744.e16. [CrossRef]

Koulis, A.; Buckle, A.; Boussioutas, A. Premalignant lesions and gastric cancer: Current understanding. World J. Gastrointest.
Oncol. 2019, 11, 665-678. [CrossRef]

Sugiyama, T.; Awakawa, T.; Hayashi, S.; Hisano, K.; Yabana, T.; Kurokawa, L; Yachi, A. The effect of the immune response
toHelicobacter pyloriin the development of intestinal metaplasia. Eur. J. Gastroenterol. Hepatol. 1994, 6, S89-592. [PubMed]
Gobert, A.P,; Wilson, K.T. Induction and Regulation of the Innate Immune Response in Helicobacter pylori Infection. Cell. Mol.
Gastroenterol. Hepatol. 2022, 13, 1347-1363. [CrossRef] [PubMed]

Niu, Q.; Zhu, J.; Yu, X,; Feng, T.; Ji, H.; Li, Y.; Zhang, W.; Hu, B. Inmune Response in H. pylori-Associated Gastritis and Gastric
Cancer. Gastroenterol. Res. Pract. 2020, 2020, 9342563. [CrossRef] [PubMed]

Oertli, M.; Engler, D.B.; Kohler, E.; Koch, M.; Meyer, T.F,; Miiller, A. MicroRNA-155 is essential for the T cell-mediated control of
Helicobacter pylori infection and for the induction of chronic Gastritis and Colitis. J. Immunol. 2011, 187, 3578-3586. [CrossRef]
Sobala, G.M.; O’Connor, H.J.; Dewar, E.P; King, R.F.; Axon, A.T.; Dixon, M.E. Bile reflux and intestinal metaplasia in gastric
mucosa. J. Clin. Pathol. 1993, 46, 235-240. [CrossRef]

Shao, L.; Li, P; Ye, J.; Chen, ].; Han, Y;; Cai, J.; Lu, X. Risk of gastric cancer among patients with gastric intestinal metaplasia. Int. ].
Cancer 2018, 143, 1671-1677. [CrossRef]

Neumann, W.L.; Coss, E.; Rugge, M.; Genta, R.M. Autoimmune atrophic gastritis—Pathogenesis, pathology and management.
Nat. Rev. Gastroenterol. Hepatol. 2013, 10, 529-541. [CrossRef]

Busuttil, R.A.; Boussioutas, A. Intestinal metaplasia: A premalignant lesion involved in gastric carcinogenesis. J. Gastroenterol.
Hepatol. 2009, 24, 193-201. [CrossRef]

Chen, H.N.; Wang, Z.; Li, X.; Zhou, Z.G. Helicobacter pylori eradication cannot reduce the risk of gastric cancer in patients with
intestinal metaplasia and dysplasia: Evidence from a meta-analysis. Gastric Cancer 2016, 19, 166-175. [CrossRef]
Gutierrez-Gonzalez, L.; Graham, T.A.; Rodriguez-Justo, M.; Leedham, S.J.; Novelli, M.R.; Gay, L.J.; Ventayol-Garcia, T.; Green, A.;
Mitchell, I; Stoker, D.L.; et al. The clonal origins of dysplasia from intestinal metaplasia in the human stomach. Gastroenterology
2011, 140, e1251-e1256. [CrossRef]

Hwang, Y.-J.; Kim, N.; Lee, H.S.; Lee, ].B.; Choi, Y.J.; Yoon, H.; Shin, C.M; Park, Y.S.; Lee, D.H. Reversibility of atrophic gastritis
and intestinal metaplasia after Helicobacter pylori eradication—A prospective study for up to 10 years. Aliment. Pharmacol. Ther.
2018, 47, 380-390. [CrossRef] [PubMed]

Zhou, L,; Sung, ].].; Lin, S,; Jin, Z.; Ding, S.; Huang, X.; Xia, Z.; Guo, H; Liu, J.; Chao, W. A five-year follow-up study on the
pathological changes of gastric mucosa after H. pylori eradication. Chin. Med. ]. 2003, 116, 11-14.

Leung, W.K,; Lin, S.R.; Ching, ].Y.; To, K.F,; Ng, E.K.; Chan, EK,; Lau, ].Y.; Sung, ].J. Factors predicting progression of gastric
intestinal metaplasia: Results of a randomised trial on Helicobacter pylori eradication. Gut 2004, 53, 1244-1249. [CrossRef]
[PubMed]

Mera, R.M.; Bravo, L.E.; Camargo, M.C.; Bravo, ].C.; Delgado, A.G.; Romero-Gallo, J.; Yepez, M.C.; Realpe, ].L.; Schneider, B.G.;
Morgan, D.R; et al. Dynamics of Helicobacter pylori infection as a determinant of progression of gastric precancerous lesions:
16-year follow-up of an eradication trial. Gut 2018, 67, 1239-1246. [CrossRef] [PubMed]

Li, D.; Bautista, M.C,; Jiang, S.F,; Daryani, P.; Brackett, M.; Armstrong, M.A.; Hung, Y.Y.; Postlethwaite, D.; Ladabaum, U. Risks
and Predictors of Gastric Adenocarcinoma in Patients with Gastric Intestinal Metaplasia and Dysplasia: A Population-Based
Study. Am. J. Gastroenterol. 2016, 111, 1104-1113. [CrossRef]

Rugge, M.; Farinati, F.; Baffa, R.; Sonego, F.; Di Mario, F; Leandro, G.; Valiante, F. Gastric epithelial dysplasia in the natural
history of gastric cancer: A multicenter prospective follow-up study. Interdisciplinary Group on Gastric Epithelial Dysplasia.
Gastroenterology 1994, 107, 1288-1296. [CrossRef]


https://doi.org/10.1053/j.gastro.2018.04.026
https://doi.org/10.5124/jkma.2015.58.5.373
https://doi.org/10.1093/jjco/hyx190
https://www.ncbi.nlm.nih.gov/pubmed/29315389
https://doi.org/10.1016/S0140-6736(75)90498-5
https://doi.org/10.1053/j.gastro.2007.06.026
https://www.ncbi.nlm.nih.gov/pubmed/17681184
https://doi.org/10.5009/gnl.2010.4.4.466
https://www.ncbi.nlm.nih.gov/pubmed/21253294
https://doi.org/10.1111/hel.12542
https://www.ncbi.nlm.nih.gov/pubmed/30303591
https://doi.org/10.1053/j.gastro.2019.12.002
https://doi.org/10.4251/wjgo.v11.i9.665
https://www.ncbi.nlm.nih.gov/pubmed/7735943
https://doi.org/10.1016/j.jcmgh.2022.01.022
https://www.ncbi.nlm.nih.gov/pubmed/35124288
https://doi.org/10.1155/2020/9342563
https://www.ncbi.nlm.nih.gov/pubmed/32411209
https://doi.org/10.4049/jimmunol.1101772
https://doi.org/10.1136/jcp.46.3.235
https://doi.org/10.1002/ijc.31571
https://doi.org/10.1038/nrgastro.2013.101
https://doi.org/10.1111/j.1440-1746.2008.05774.x
https://doi.org/10.1007/s10120-015-0462-7
https://doi.org/10.1053/j.gastro.2010.12.051
https://doi.org/10.1111/apt.14424
https://www.ncbi.nlm.nih.gov/pubmed/29193217
https://doi.org/10.1136/gut.2003.034629
https://www.ncbi.nlm.nih.gov/pubmed/15306578
https://doi.org/10.1136/gutjnl-2016-311685
https://www.ncbi.nlm.nih.gov/pubmed/28647684
https://doi.org/10.1038/ajg.2016.188
https://doi.org/10.1016/0016-5085(94)90529-0

Cancers 2023, 15,3913 15 of 18

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

de Vries, A.C.; van Grieken, N.C.; Looman, C.W.; Casparie, M.K.; de Vries, E.; Meijer, G.A.; Kuipers, E.J. Gastric cancer risk in
patients with premalignant gastric lesions: A nationwide cohort study in the Netherlands. Gastroenterology 2008, 134, 945-952.
[CrossRef]

Song, H.; Ekheden, 1.G.; Zheng, Z.; Ericsson, J.; Nyrén, O.; Ye, W. Incidence of gastric cancer among patients with gastric
precancerous lesions: Observational cohort study in a low risk Western population. BMJ Br. Med. J. 2015, 351, h3867. [CrossRef]
Vannella, L.; Lahner, E.; Osborn, J.; Bordi, C.; Miglione, M.; Delle Fave, G.; Annibale, B. Risk factors for progression to gastric
neoplastic lesions in patients with atrophic gastritis. Aliment. Pharmacol. Ther. 2010, 31, 1042-1050. [CrossRef]

Gawron, A.J; Shah, S.C.; Altayar, O.; Davitkov, P.; Morgan, D.; Turner, K.; Mustafa, R.A. AGA Technical Review on Gastric
Intestinal Metaplasia—Natural History and Clinical Outcomes. Gastroenterology 2020, 158, 705-731.e5. [CrossRef]

Pabla, B.S.; Shah, S.C.; Corral, J.E.; Morgan, D.R. Increased Incidence and Mortality of Gastric Cancer in Immigrant Populations
from High to Low Regions of Incidence: A Systematic Review and Meta-Analysis. Clin. Gastroenterol. Hepatol. 2020, 18, 347-359.
[CrossRef]

Lee, JWJ.; Zhu, E; Srivastava, S.; Tsao, S.K.; Khor, C.; Ho, K.Y.; Fock, K.M.; Lim, W.C.; Ang, T.L.; Chow, W.C; et al. Severity of
gastric intestinal metaplasia predicts the risk of gastric cancer: A prospective multicentre cohort study (GCEP). Gut 2022, 71,
854-863. [CrossRef]

Shichijo, S.; Hirata, Y.; Niikura, R.; Hayakawa, Y.; Yamada, A.; Ushiku, T.; Fukayama, M.; Koike, K. Histologic intestinal metaplasia
and endoscopic atrophy are predictors of gastric cancer development after Helicobacter pylori eradication. Gastrointest. Endosc.
2016, 84, 618-624. [CrossRef]

Menon, S.; Trudgill, N. How commonly is upper gastrointestinal cancer missed at endoscopy? A meta-analysis. Endosc. Int. Open
2014, 2, E46-E50. [CrossRef] [PubMed]

Teh, J.L.; Tan, J.R; Lau, L.J.; Saxena, N.; Salim, A.; Tay, A ; Shabbir, A.; Chung, S.; Hartman, M.; So, ].B. Longer examination time
improves detection of gastric cancer during diagnostic upper gastrointestinal endoscopy. Clin. Gastroenterol. Hepatol. 2015, 13,
480-487.e2. [CrossRef] [PubMed]

Sajid, M.S.; Rehman, S.; Chedgy, F.; Singh, K K. Improving the mucosal visualization at gastroscopy: A systematic review and
meta-analysis of randomized, controlled trials reporting the role of Simethicone + N-acetylcysteine. Transl. Gastroenterol. Hepatol.
2018, 3, 29. [CrossRef] [PubMed]

Sun, X.; Xu, Y.; Zhang, X.; Ma, C.; Li, A.; Yu, H.; Zhang, W.; Zhang, H.; Yang, T.; Miao, X.; et al. Simethicone administration
improves gastric cleanness for esophagogastroduodenoscopy: A randomized clinical trial. Trials 2021, 22, 555. [CrossRef]
Basford, PJ.; Brown, J.; Gadeke, L.; Fogg, C.; Haysom-Newport, B.; Ogollah, R.; Bhattacharyya, R.; Longcroft-Wheaton, G.;
Thursby-Pelham, F.; Neale, J.R; et al. A randomized controlled trial of pre-procedure simethicone and N-acetylcysteine to
improve mucosal visibility during gastroscopy-NICEVIS. Endosc. Int. Open 2016, 4, E1197-E1202. [CrossRef]

Song, M.; Kwek, A.B.; Law, N.M.; Ong, ].P; Tan, ].Y.; Harichander Thurairajah, P.; Ang, D.S.; Ang, T.L. Efficacy of small-volume
simethicone given at least 30 min before gastroscopy. World ]. Gastrointest. Pharmacol. Ther. 2016, 7, 572-578. [CrossRef]

Chiu, PW.Y,; Uedo, N.; Singh, R.; Gotoda, T.; Ng, EK.W.; Yao, K,; Ang, T.L.; Ho, S.H.; Kikuchi, D.; Yao, E; et al. An Asian
consensus on standards of diagnostic upper endoscopy for neoplasia. Gut 2019, 68, 186-197. [CrossRef]

An, J K,; Song, G.A.; Kim, G.H.; Park, D.Y,; Shin, N.R;; Lee, B.E.; Woo, H.Y; Ryu, D.Y.; Kim, D.U.; Heo, J. Marginal turbid band
and light blue crest, signs observed in magnifying narrow-band imaging endoscopy, are indicative of gastric intestinal metaplasia.
BMC Gastroenterol. 2012, 12, 169. [CrossRef]

Bhat, Y.M.; Abu Dayyeh, B.K.; Chauhan, S.S.; Gottlieb, K.T.; Hwang, ].H.; Komanduri, S.; Konda, V.; Lo, S.K.; Manfredi, M.A;
Maple, J.T,; et al. High-definition and high-magnification endoscopes. Gastrointest. Endosc. 2014, 80, 919-927. [CrossRef]
Panteris, V.; Nikolopoulou, S.; Lountou, A.; Triantafillidis, ] K. Diagnostic capabilities of high-definition white light endoscopy for
the diagnosis of gastric intestinal metaplasia and correlation with histologic and clinical data. Eur. ]. Gastroenterol. Hepatol. 2014,
26, 594-601. [CrossRef]

Ang, T.L.; Pittayanon, R.; Lau, J.Y.; Rerknimitr, R.; Ho, S.H.; Singh, R.; Kwek, A.B.; Ang, D.S.; Chiu, PW,; Luk, S; et al. A
multicenter randomized comparison between high-definition white light endoscopy and narrow band imaging for detection of
gastric lesions. Eur. |. Gastroenterol. Hepatol. 2015, 27, 1473-1478. [CrossRef]

Buxbaum, J.L.; Hormozdi, D.; Dinis-Ribeiro, M.; Lane, C.; Dias-Silva, D.; Sahakian, A.; Jayaram, P.; Pimentel-Nunes, P; Shue, D.;
Pepper, M.; et al. Narrow-band imaging versus white light versus mapping biopsy for gastric intestinal metaplasia: A prospective
blinded trial. Gastrointest. Endosc. 2017, 86, 857-865. [CrossRef]

Rokkas, T.; Ekmektzoglou, K. Current role of narrow band imaging in diagnosing gastric intestinal metaplasia: A systematic
review and meta-analysis of its diagnostic accuracy. Ann. Gastroenterol. 2023, 36, 149-156. [CrossRef]

Rodriguez-Carrasco, M.; Esposito, G.; Libanio, D.; Pimentel-Nunes, P.; Dinis-Ribeiro, M. Image-enhanced endoscopy for gastric
preneoplastic conditions and neoplastic lesions: A systematic review and meta-analysis. Endoscopy 2020, 52, 1048-1065. [CrossRef]
[PubMed]

Sobrino-Cossio, S.; Abdo Francis, ].M.; Emura, F; Galvis-Garcia, E.S.; Marquez Rocha, M.L.; Mateos-Pérez, G.; Gonzalez-Sdnchez,
C.B.; Uedo, N. Efficacy of narrow-band imaging for detecting intestinal metaplasia in adult patients with symptoms of dyspepsia.
Rev. Gastroenterol. Mex. (Engl. Ed.) 2018, 83, 245-252. [CrossRef]


https://doi.org/10.1053/j.gastro.2008.01.071
https://doi.org/10.1136/bmj.h3867
https://doi.org/10.1111/j.1365-2036.2010.04268.x
https://doi.org/10.1053/j.gastro.2019.12.001
https://doi.org/10.1016/j.cgh.2019.05.032
https://doi.org/10.1136/gutjnl-2021-324057
https://doi.org/10.1016/j.gie.2016.03.791
https://doi.org/10.1055/s-0034-1365524
https://www.ncbi.nlm.nih.gov/pubmed/26135259
https://doi.org/10.1016/j.cgh.2014.07.059
https://www.ncbi.nlm.nih.gov/pubmed/25117772
https://doi.org/10.21037/tgh.2018.05.02
https://www.ncbi.nlm.nih.gov/pubmed/29971260
https://doi.org/10.1186/s13063-021-05527-8
https://doi.org/10.1055/s-0042-117631
https://doi.org/10.4292/wjgpt.v7.i4.572
https://doi.org/10.1136/gutjnl-2018-317111
https://doi.org/10.1186/1471-230X-12-169
https://doi.org/10.1016/j.gie.2014.06.019
https://doi.org/10.1097/MEG.0000000000000097
https://doi.org/10.1097/MEG.0000000000000478
https://doi.org/10.1016/j.gie.2017.03.1528
https://doi.org/10.20524/aog.2023.0784
https://doi.org/10.1055/a-1205-0570
https://www.ncbi.nlm.nih.gov/pubmed/32663879
https://doi.org/10.1016/j.rgmxen.2018.03.009

Cancers 2023, 15,3913 16 of 18

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.
85.

86.

87.

88.

89.

90.

91.

92.

93.

Dohi, O.; Majima, A.; Naito, Y,; Yoshida, T.; Ishida, T.; Azuma, Y.; Kitae, H.; Matsumura, S.; Mizuno, N.; Yoshida, N.; et al. Can
image-enhanced endoscopy improve the diagnosis of Kyoto classification of gastritis in the clinical setting? Dig. Endosc. 2020, 32,
191-203. [CrossRef] [PubMed]

He, X.K;; Liu, D.; Sun, L.M. Diagnostic performance of confocal laser endomicroscopy for optical diagnosis of gastric intestinal
metaplasia: A meta-analysis. BMC Gastroenterol. 2016, 16, 109. [CrossRef] [PubMed]

Lin, K.; Wang, ].; Zheng, W.; Ho, K.Y.; Teh, M.; Yeoh, K.G.; Huang, Z. Rapid Fiber-optic Raman Spectroscopy for Real-Time In
Vivo Detection of Gastric Intestinal Metaplasia during Clinical Gastroscopy. Cancer Prev. Res. 2016, 9, 476-483. [CrossRef]

Lee, JW,; Lim, L.G.; Yeoh, K.G. Advanced endoscopic imaging in gastric neoplasia and preneoplasia. BM] Open Gastroenterol.
2017, 4, 000105. [CrossRef]

Zhao, Z.; Yin, Z.; Wang, S.; Wang, ].; Bai, B.; Qiu, Z.; Zhao, Q. Meta-analysis: The diagnostic efficacy of chromoendoscopy for
early gastric cancer and premalignant gastric lesions. J. Gastroenterol. Hepatol. 2016, 31, 1539-1545. [CrossRef]

Uedo, N.; Ishihara, R.; Iishi, H.; Yamamoto, S.; Yamamoto, S.; Yamada, T.; Imanaka, K.; Takeuchi, Y.; Higashino, K.; Ishiguro, S.;
et al. A new method of diagnosing gastric intestinal metaplasia: Narrow-band imaging with magnifying endoscopy. Endoscopy
2006, 38, 819-824. [CrossRef]

Savarino, E.; Corbo, M.; Dulbecco, P.; Gemignani, L.; Giambruno, E.; Mastracci, L.; Grillo, E; Savarino, V. Narrow-band imaging
with magnifying endoscopy is accurate for detecting gastric intestinal metaplasia. World |. Gastroenterol. 2013, 19, 2668-2675.
[CrossRef]

Drasovean, S.C.; Boeriu, A.M.; Akabah, P.S.; Mocan, S.L.; Pascarenco, O.D.; Dobru, E.D. Optical biopsy strategy for the assessment
of atrophic gastritis, intestinal metaplasia, and dysplasia. Rom. J. Morphol. Embryol. 2018, 59, 505-512.

Dixon, M.E; Genta, R.M.; Yardley, J.H.; Correa, P.; the Participants in the International Workshop on the Histopathology of
Gastritis, Houston. Classification and Grading of Gastritis: The Updated Sydney System. Am. J. Surg. Pathol. 1996, 20, 1161-1181.
[CrossRef] [PubMed]

Xirouchakis, E.; Laoudi, F; Tsartsali, L.; Spiliadi, C.; Georgopoulos, S.D. Screening for gastric premalignant lesions with narrow
band imaging, white light and updated Sydney protocol or both? Dig. Dis. Sci. 2013, 58, 1084-1090. [CrossRef] [PubMed]
Rodriguez-Carrasco, M.; Libanio, D.; Dinis-Ribeiro, M.; Pimentel-Nunes, P. Where should gastric biopsies be performed when
areas of intestinal metaplasia are observed? Endosc. Int. Open 2019, 7, E1636-E1639. [CrossRef]

Faknak, N.; Pittayanon, R.; Tiankanon, K.; Lerttanatum, N.; Sanpavat, A.; Klaikaew, N.; Rerknimitr, R. Performance status of
targeted biopsy alone versus Sydney protocol by non-NBI expert gastroenterologist in gastric intestinal metaplasia diagnosis.
Endosc. Int. Open 2022, 10, E273-E279. [CrossRef] [PubMed]

Pimentel-Nunes, P; Libanio, D.; Lage, ].; Abrantes, D.; Coimbra, M.; Esposito, G.; Hormozdi, D.; Pepper, M.; Drasovean, S.; White,
J.R.; et al. A multicenter prospective study of the real-time use of narrow-band imaging in the diagnosis of premalignant gastric
conditions and lesions. Endoscopy 2016, 48, 723-730. [CrossRef]

Fang, S.; Fu, Y;; Du, S.; Wang, L.; Qing, X.; Luo, X.; Song, G.; Yang, Y.; Wei, W. The role of the endoscopic grading of gastric
intestinal metaplasia in assessing gastric cancer risk: A systematic review and meta-analysis. Front. Oncol. 2022, 12, 1018248.
[CrossRef]

Rugge, M.; Genta, R.M. Staging and grading of chronic gastritis. Hum. Pathol. 2005, 36, 228-233. [CrossRef]

Capelle, L.G.; de Vries, A.C.; Haringsma, J.; Ter Borg, F.; de Vries, R.A.; Bruno, M.J.; van Dekken, H.; Meijer, J.; van Grieken, N.C;
Kuipers, E.J. The staging of gastritis with the OLGA system by using intestinal metaplasia as an accurate alternative for atrophic
gastritis. Gastrointest. Endosc. 2010, 71, 1150-1158. [CrossRef]

Marcos, P; Brito-Gongalves, G.; Libanio, D.; Pita, L; Castro, R.; S, I.; Dinis-Ribeiro, M.; Pimentel-Nunes, P. Endoscopic grading of
gastric intestinal metaplasia on risk assessment for early gastric neoplasia: Can we replace histology assessment also in the West?
Gut 2020, 69, 1762-1768. [CrossRef]

Shah, S.C.; Gawron, A.J.; Mustafa, R.A.; Piazuelo, M.B. Histologic Subtyping of Gastric Intestinal Metaplasia: Overview and
Considerations for Clinical Practice. Gastroenterology 2020, 158, 745-750. [CrossRef]

Reis, C.A.; David, L.; Correa, P.; Carneiro, F.; de Bolds, C.; Garcia, E.; Mandel, U.; Clausen, H.; Sobrinho-Simoes, M. Intestinal
metaplasia of human stomach displays distinct patterns of mucin (MUC1, MUC2, MUC5AC, and MUCS6) expression. Cancer Res.
1999, 59, 1003-1007.

Ikeda, Y.; Nishikura, K.; Watanabe, H.; Watanabe, G.; Ajioka, Y.; Hatakeyama, K. Histopathological differences in the development
of small intestinal metaplasia between antrum and body of stomach. Pathol. Res. Pract. 2005, 201, 487-496. [CrossRef] [PubMed]
Du, S,; Yang, Y.; Fang, S.; Guo, S.; Xu, C.; Zhang, P.; Wei, W. Gastric Cancer Risk of Intestinal Metaplasia Subtypes: A Systematic
Review and Meta-Analysis of Cohort Studies. Clin. Transl. Gastroenterol. 2021, 12, e00402. [CrossRef] [PubMed]

Gonzélez, C.A.; Sanz-Anquela, ].M.; Gisbert, ].P,; Correa, P. Utility of subtyping intestinal metaplasia as marker of gastric cancer
risk. A review of the evidence. Int. |. Cancer 2013, 133, 1023-1032. [CrossRef] [PubMed]

Banks, M.; Graham, D.; Jansen, M.; Gotoda, T.; Coda, S.; Pietro, M.D.; Uedo, N.; Bhandari, P; Pritchard, D.M.; Kuipers, E.J ; et al.
British Society of Gastroenterology guidelines on the diagnosis and management of patients at risk of gastric adenocarcinoma.
Gut 2019, 68, 1545-1575. [CrossRef]

Gupta, S,; Li, D.; El Serag, H.B.; Davitkov, P; Altayar, O.; Sultan, S.; Falck-Ytter, Y.; Mustafa, R.A. AGA Clinical Practice Guidelines
on Management of Gastric Intestinal Metaplasia. Gastroenterology 2020, 158, 693-702. [CrossRef]


https://doi.org/10.1111/den.13540
https://www.ncbi.nlm.nih.gov/pubmed/31550395
https://doi.org/10.1186/s12876-016-0515-3
https://www.ncbi.nlm.nih.gov/pubmed/27596838
https://doi.org/10.1158/1940-6207.CAPR-15-0213
https://doi.org/10.1136/bmjgast-2016-000105
https://doi.org/10.1111/jgh.13313
https://doi.org/10.1055/s-2006-944632
https://doi.org/10.3748/wjg.v19.i17.2668
https://doi.org/10.1097/00000478-199610000-00001
https://www.ncbi.nlm.nih.gov/pubmed/8827022
https://doi.org/10.1007/s10620-012-2431-x
https://www.ncbi.nlm.nih.gov/pubmed/23086114
https://doi.org/10.1055/a-0953-2247
https://doi.org/10.1055/a-1783-9081
https://www.ncbi.nlm.nih.gov/pubmed/35433197
https://doi.org/10.1055/s-0042-108435
https://doi.org/10.3389/fonc.2022.1018248
https://doi.org/10.1016/j.humpath.2004.12.008
https://doi.org/10.1016/j.gie.2009.12.029
https://doi.org/10.1136/gutjnl-2019-320091
https://doi.org/10.1053/j.gastro.2019.12.004
https://doi.org/10.1016/j.prp.2005.05.008
https://www.ncbi.nlm.nih.gov/pubmed/16164043
https://doi.org/10.14309/ctg.0000000000000402
https://www.ncbi.nlm.nih.gov/pubmed/34597278
https://doi.org/10.1002/ijc.28003
https://www.ncbi.nlm.nih.gov/pubmed/23280711
https://doi.org/10.1136/gutjnl-2018-318126
https://doi.org/10.1053/j.gastro.2019.12.003

Cancers 2023, 15,3913 17 of 18

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

Pimentel-Nunes, P.; Libanio, D.; Marcos-Pinto, R.; Areia, M.; Leja, M.; Esposito, G.; Garrido, M.; Kikuste, I.; Megraud, F;
Matysiak-Budnik, T.; et al. Management of epithelial precancerous conditions and lesions in the stomach (MAPS II): European
Society of Gastrointestinal Endoscopy (ESGE), European Helicobacter and Microbiota Study Group (EHMSG), European Society
of Pathology (ESP), and Sociedade Portuguesa de Endoscopia Digestiva (SPED) guideline update 2019. Endoscopy 2019, 51,
365-388. [CrossRef]

Lansdorp-Vogelaar, I.; Meester, R.G.S.; Laszkowska, M.; Escudero, FA.; Ward, Z.].; Yeh, ]. M. Cost-effectiveness of prevention
and early detection of gastric cancer in Western countries. Best Pract. Res. Clin. Gastroenterol. 2021, 50-51, 101735. [CrossRef]
[PubMed]

Lau, JJW.L.; Khoo, M.]J.W,; Leong, X.H.; Lim, T.Z.; Shabbir, A.; Yeoh, K.G.; Koh, C.J.; So, ].B.Y. Opportunistic upper endoscopy
during colonoscopy as a screening strategy for countries with intermediate gastric cancer risk. J. Gastroenterol. Hepatol. 2021, 36,
1081-1087. [CrossRef] [PubMed]

Dan, Y.Y.; So, ].B.; Yeoh, K.G. Endoscopic screening for gastric cancer. Clin. Gastroenterol. Hepatol. 2006, 4, 709-716. [CrossRef]
[PubMed]

Wu, ].T; Zhou, J.; Naidoo, N.; Yang, W.Y;; Lin, X.C.; Wang, P.; Ding, ].Q.; Wu, C.B.; Zhou, H.]. Determining the cost-effectiveness
of endoscopic surveillance for gastric cancer in patients with precancerous lesions. Asia Pac. J. Clin. Oncol. 2016, 12, 359-368.
[CrossRef] [PubMed]

Maitra, I.; Date, R.S.; Martin, FL. Towards screening Barrett’s oesophagus: Current guidelines, imaging modalities and future
developments. Clin. J. Gastroenterol. 2020, 13, 635-649. [CrossRef]

Kligman, E.; Ali, H.; Chen, E.; Peng, E; Szafron, D.; Staggers, K.; Tan, M.C.; Patel, K.; Othman, M.O. Ethnicity Is an Important
Consideration in Screening for Gastric Intestinal Metaplasia. Dig. Dis. Sci. 2022, 67, 4509—4517. [CrossRef]

Rugge, M.; Meggio, A.; Pravadelli, C.; Barbareschi, M.; Fassan, M.; Gentilini, M.; Zorzi, M.; Pretis, G.; Graham, D.Y.; Genta, R.M.
Gastritis staging in the endoscopic follow-up for the secondary prevention of gastric cancer: A 5-year prospective study of 1755
patients. Gut 2019, 68, 11-17. [CrossRef]

Yan, T.; Wong, PK.; Choi, I.C.; Vong, C.M.; Yu, H.H. Intelligent diagnosis of gastric intestinal metaplasia based on convolutional
neural network and limited number of endoscopic images. Comput. Biol. Med. 2020, 126, 104026. [CrossRef]

Xu, M.; Zhou, W.; Wu, L.; Zhang, J.; Wang, J.; Mu, G.; Huang, X,; Li, Y.;; Yuan, J.; Zeng, Z.; et al. Artificial intelligence in
the diagnosis of gastric precancerous conditions by image-enhanced endoscopy: A multicenter, diagnostic study (with video).
Gastrointest. Endosc. 2021, 94, 540-548.e4. [CrossRef]

Dilaghi, E.; Lahner, E.; Annibale, B.; Esposito, G. Systematic review and meta-analysis: Artificial intelligence for the diagnosis of
gastric precancerous lesions and Helicobacter pylori infection. Dig. Liver Dis. 2022, 54, 1630-1638. [CrossRef]

Mohan, B.P,; Khan, S.R.; Kassab, L.L.; Ponnada, S.; Mohy-Ud-Din, N.; Chandan, S.; Dulai, P.S.; Kochhar, G.S. Convolutional neural
networks in the computer-aided diagnosis of Helicobacter pylori infection and non-causal comparison to physician endoscopists:
A systematic review with meta-analysis. Ann. Gastroenterol. 2021, 34, 20-25. [CrossRef] [PubMed]

Zhao, H.; Wen, ].; Dong, X.; He, R.; Gao, C.; Zhang, W.; Zhang, Z.; Shen, L. Identification of AQP3 and CD24 as biomarkers for
carcinogenesis of gastric intestinal metaplasia. Oncotarget 2017, 8, 63382—-63391. [CrossRef] [PubMed]

Zhao, H.; Yang, X.; Zhou, Y.; Zhang, W.; Wang, Y.; Wen, ].; Zhang, Z.; Shen, L. Potential role of aquaporin 3 in gastric intestinal
metaplasia. Oncotarget 2015, 6, 38926-38933. [CrossRef] [PubMed]

Koulis, A.; Di Costanzo, N.; Mitchell, C.; Lade, S.; Goode, D.; Busuttil, R.A.; Boussioutas, A. CD10 and Das1: A biomarker study
using immunohistochemistry to subtype gastric intestinal metaplasia. BMIC Gastroenterol. 2022, 22, 197. [CrossRef]

Samloff, LM.; Varis, K.; Thamaki, T.; Siurala, M.; Rotter, J.I. Relationships among serum pepsinogen I, serum pepsinogen II,
and gastric mucosal histology. A study in relatives of patients with pernicious anemia. Gastroenterology 1982, 83 Pt 2, 204-209.
[CrossRef]

De Vries, A.C.; Kuipers, E.J. Epidemiology of premalignant gastric lesions: Implications for the development of screening and
surveillance strategies. Helicobacter 2007, 12 (Suppl. S2), 22-31. [CrossRef]

Tu, H,; Sun, L.; Dong, X.; Gong, Y.; Xu, Q.; Jing, J.; Bostick, RM.; Wu, X; Yuan, Y. A Serological Biopsy Using Five Stomach-Specific
Circulating Biomarkers for Gastric Cancer Risk Assessment: A Multi-Phase Study. Off. J. Am. Coll. Gastroenterol. 2017, 112,
704-715. [CrossRef]

Huang, RJ.; Park, S.; Shen, J.; Longacre, T.; Ji, H.; Hwang, ].H. Pepsinogens and Gastrin Demonstrate Low Discrimination for
Gastric Precancerous Lesions in a Multi-Ethnic United States Cohort. Clin. Gastroenterol. Hepatol. 2022, 20, 950-952.e3. [CrossRef]
Huang, YK,; Yu, J].C; Kang, WM.; Ma, Z.Q.; Ye, X.; Tian, S.B.; Yan, C. Significance of Serum Pepsinogens as a Biomarker
for Gastric Cancer and Atrophic Gastritis Screening: A Systematic Review and Meta-Analysis. PLoS ONE 2015, 10, e0142080.
[CrossRef] [PubMed]

Huang, K.K.; Ramnarayanan, K.; Zhu, F; Srivastava, S.; Xu, C.; Tan, A.LK,; Lee, M.; Tay, S.; Das, K.; Xing, M.; et al. Genomic
and Epigenomic Profiling of High-Risk Intestinal Metaplasia Reveals Molecular Determinants of Progression to Gastric Cancer.
Cancer Cell 2018, 33, 137-150.e5. [CrossRef] [PubMed]

Huang, K.K.; Ma, H.; Uchihara, T.; Sheng, T.; Chong, RH.H.; Zhu, F; Srivastava, S.; Tay, S.T.; Sundar, R.; Tan, ALK, et al.
Spatiotemporal Genomic Profiling of Intestinal Metaplasia Reveals Clonal Dynamics of Gastric Cancer Progression. bioRxiv 2023.
[CrossRef]


https://doi.org/10.1055/a-0859-1883
https://doi.org/10.1016/j.bpg.2021.101735
https://www.ncbi.nlm.nih.gov/pubmed/33975689
https://doi.org/10.1111/jgh.15290
https://www.ncbi.nlm.nih.gov/pubmed/33037826
https://doi.org/10.1016/j.cgh.2006.03.025
https://www.ncbi.nlm.nih.gov/pubmed/16765306
https://doi.org/10.1111/ajco.12569
https://www.ncbi.nlm.nih.gov/pubmed/27452189
https://doi.org/10.1007/s12328-020-01135-2
https://doi.org/10.1007/s10620-021-07326-2
https://doi.org/10.1136/gutjnl-2017-314600
https://doi.org/10.1016/j.compbiomed.2020.104026
https://doi.org/10.1016/j.gie.2021.03.013
https://doi.org/10.1016/j.dld.2022.03.007
https://doi.org/10.20524/aog.2020.0542
https://www.ncbi.nlm.nih.gov/pubmed/33414617
https://doi.org/10.18632/oncotarget.18817
https://www.ncbi.nlm.nih.gov/pubmed/28968998
https://doi.org/10.18632/oncotarget.5370
https://www.ncbi.nlm.nih.gov/pubmed/26506416
https://doi.org/10.1186/s12876-022-02268-z
https://doi.org/10.1016/0016-5085(82)90176-7
https://doi.org/10.1111/j.1523-5378.2007.00562.x
https://doi.org/10.1038/ajg.2017.55
https://doi.org/10.1016/j.cgh.2021.01.009
https://doi.org/10.1371/journal.pone.0142080
https://www.ncbi.nlm.nih.gov/pubmed/26556485
https://doi.org/10.1016/j.ccell.2017.11.018
https://www.ncbi.nlm.nih.gov/pubmed/29290541
https://doi.org/10.1101/2023.04.10.536195

Cancers 2023, 15,3913 18 of 18

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Schmidt, PH.; Lee, ].R; Joshi, V.; Playford, R.J.; Poulsom, R.; Wright, N.A.; Goldenring, J.R. Identification of a metaplastic cell
lineage associated with human gastric adenocarcinoma. Lab. Investig. 1999, 79, 639—-646. [PubMed]

Link, A.; Kupcinskas, J. MicroRNAs as non-invasive diagnostic biomarkers for gastric cancer: Current insights and future
perspectives. World ]. Gastroenterol. 2018, 24, 3313-3329. [CrossRef]

Jonaitis, P.; Kupcinskas, L.; Kupcinskas, J. Molecular Alterations in Gastric Intestinal Metaplasia. Int. . Mol. Sci. 2021, 22, 5758.
[CrossRef]

Li, H; Wu, Q,; Li, T;; Liu, C.; Xue, L.; Ding, J.; Shi, Y.; Fan, D. The miR-17-92 cluster as a potential biomarker for the early diagnosis
of gastric cancer: Evidence and literature review. Oncotarget 2017, 8, 45060-45071. [CrossRef] [PubMed]

Coker, O.0.; Dai, Z.; Nie, Y.; Zhao, G.; Cao, L.; Nakatsu, G.; Wu, W.K.; Wong, S.H.; Chen, Z.; Sung, ].].Y.; et al. Mucosal microbiome
dysbiosis in gastric carcinogenesis. Gut 2018, 67, 1024-1032. [CrossRef]

Chen, X.; Wang, N.; Wang, J.; Liao, B.; Cheng, L.; Ren, B. The interactions between oral-gut axis microbiota and Helicobacter
pylori. Front. Cell Infect. Microbiol. 2022, 12, 914418. [CrossRef]

Sung, ].J.Y.; Coker, O.0O.; Chu, E.; Szeto, C.H.; Luk, S.T.Y; Lau, H.C.H.; Yu, ]. Gastric microbes associated with gastric inflammation,
atrophy and intestinal metaplasia 1 year after Helicobacter pylori eradication. Gut 2020, 69, 1572-1581. [CrossRef]

Zhang, X.; Li, C.; Cao, W.; Zhang, Z. Alterations of Gastric Microbiota in Gastric Cancer and Precancerous Stages. Front. Cell
Infect. Microbiol. 2021, 11, 559148. [CrossRef]

Kadeerhan, G.; Gerhard, M.; Gao, ].].; Mejias-Luque, R.; Zhang, L.; Vieth, M.; Ma, ].L.; Bajbouj, M.; Suchanek, S.; Liu, W.D,; et al.
Microbiota alteration at different stages in gastric lesion progression: A population-based study in Linqu, China. Am. ]. Cancer
Res. 2021, 11, 561-575.

Guo, L;; Liu, Z; Zhang, Y.; Quan, Q.; Huang, L.; Xu, Y.; Cao, L.; Zhang, X. Association of increased B7 protein expression by
infiltrating immune cells with progression of gastric carcinogenesis. Medicine 2019, 98, e14663. [CrossRef]

Cheng, HH,; Tseng, G.Y.; Yang, H.B.; Wang, H.J.; Lin, H.].; Wang, W.C. Increased numbers of Foxp3-positive regulatory T cells in
gastritis, peptic ulcer and gastric adenocarcinoma. World |. Gastroenterol. 2012, 18, 34—43. [CrossRef]

Ying, L.; Yan, E; Meng, Q.; Yuan, X,; Yu, L.; Williams, B.R.G.; Chan, D.W.; Shi, L.; Tu, Y.; Ni, P; et al. Understanding immune
phenotypes in human gastric disease tissues by multiplexed immunohistochemistry. J. Transl. Med. 2017, 15, 206. [CrossRef]
Song, B.; Li, T.; Zhang, Y.; Yang, Q.; Pei, B.; Liu, Y.; Wang, J.; Dong, G.; Sun, Q.; Fan, S.; et al. Identification and verification of
ferroptosis-related genes in gastric intestinal metaplasia. Front. Genet. 2023, 14, 1152414. [CrossRef] [PubMed]

Vinagre, R.; Vinagre, I.D.F; Vilar, E.S.A.; Fecury, A.A.; Martins, L.C. Helicobacter pylori infection and immune profile of patients
with different gastroduodenal diseases. Arg. Gastroenterol. 2018, 55, 122-127. [CrossRef]

Tan, M.P,; Pedersen, ].; Zhan, Y.; Lew, A.M.; Pearse, M.].; Wijburg, O.L.; Strugnell, R.A. CD8+ T cells are associated with severe
gastritis in Helicobacter pylori-infected mice in the absence of CD4+ T cells. Infect. Immun. 2008, 76, 1289-1297. [CrossRef]
[PubMed]

Aziz, M.; Haghbin, H.; Sayeh, W.; Alfatlawi, H.; Gangwani, M.K; Sohail, A.H.; Zahdeh, T.; Weissman, S.; Kamal, F.; Lee-Smith,
W.; et al. Comparison of Artificial Intelligence With Other Interventions to Improve Adenoma Detection Rate for Colonoscopy: A
Network Meta-analysis. J. Clin. Gastroenterol. 2022. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://www.ncbi.nlm.nih.gov/pubmed/10378506
https://doi.org/10.3748/wjg.v24.i30.3313
https://doi.org/10.3390/ijms22115758
https://doi.org/10.18632/oncotarget.15023
https://www.ncbi.nlm.nih.gov/pubmed/28178677
https://doi.org/10.1136/gutjnl-2017-314281
https://doi.org/10.3389/fcimb.2022.914418
https://doi.org/10.1136/gutjnl-2019-319826
https://doi.org/10.3389/fcimb.2021.559148
https://doi.org/10.1097/MD.0000000000014663
https://doi.org/10.3748/wjg.v18.i1.34
https://doi.org/10.1186/s12967-017-1311-8
https://doi.org/10.3389/fgene.2023.1152414
https://www.ncbi.nlm.nih.gov/pubmed/37144125
https://doi.org/10.1590/s0004-2803.201800000-21
https://doi.org/10.1128/IAI.00779-07
https://www.ncbi.nlm.nih.gov/pubmed/18025102
https://doi.org/10.1097/MCG.0000000000001813
https://www.ncbi.nlm.nih.gov/pubmed/36441163

	Introduction 
	Background 
	Global Burden of Gastric Cancer 
	Gastric Intestinal Metaplasia as a Premalignant State 

	Predictors of Progression of Gastric IM 
	Clinical Features 
	Endoscopic Features 
	Histologic Features 
	Current Guidelines 

	Future Directions 
	Approaches to Population-Level Screening and Surveillance 
	Artificial Intelligence and Machine Learning 
	Biomarkers 
	Genomic, Epigenomic and Molecular Markers Uncover the Pathogenesis of IM and Stratify Risk 
	Microbiome and the Immune Landscape 
	Utilising Integrated Variables to Increase Precision of Risk Prediction 

	Conclusions 
	References

