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Abstract: Endoscopy is the gold standard for the diagnosis of cancers and cancer precursors in the
oesophagus and stomach. Early detection of upper GI cancers requires high-quality endoscopy and
awareness of the subtle features these lesions carry. Endoscopists performing surveillance of high-risk
patients including those with Barrett’s oesophagus, previous squamous neoplasia or chronic atrophic
gastritis should be familiar with endoscopic features, classification systems and sampling techniques
to maximise the detection of early cancer. In this article, we review the current approach to diagnosis
of these conditions and the latest advanced imaging and diagnostic techniques.
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1. Introduction

Oesophageal and gastric cancers remain major worldwide causes of cancer-related
deaths, with oesophageal cancer ranking seventh in incidence and sixth for mortality, and
gastric cancer ranking fifth for incidence and fourth for mortality globally [1]. There is
considerable geographical variation in the occurrence of these cancers. Concerningly, across
developed countries, the incidence of oesophageal adenocarcinoma (OAC) is rising and is
predicted to continue to do so until at least 2040 [2]. This has been suggested to be related to
increasing levels of obesity and gastro-oesophageal reflux, and perhaps reduced prevalence
of H. pylori [1]. Notably, despite global declines in H. pylori infection, recent studies have
also shown an increase in the incidence of stomach cancer (cardia and non-cardia) among
adults aged <50 years in both low-risk countries (including the United States, Canada and
the United Kingdom) and high-risk countries. It has been hypothesised that this increase
may be accounted for by a rising prevalence of autoimmune chronic gastritis and dysbiosis
of the gastric microbiome [1].

Late diagnosis of oesophageal and gastric cancers continues to contribute to the poor
outcomes associated with these diseases, with UK ten-year survival figures as low as 12.4%
for oesophageal and 16.7% for gastric cancer [3]. Further to this, the COVID-19 pandemic
has led to significant delays in diagnosis, with one study estimating these delays have
caused a 6% increase in oesophageal cancer deaths [4]. Early diagnosis and treatment is
a key determinant in improving outcomes; early gastric cancer (EGC), for example, has a
good prognosis, with a five-year survival rate of between 69% and 82% [5]. Furthermore,
when these cancers are confined to the mucosa (stage T1a) endoscopic resection (ER) is
often curative and associated with excellent outcomes, with 5-year survival has high as
92% [6].

Endoscopy is the accepted gold standard test for diagnosis of oesophageal and gastric
cancers, allowing direct visualisation and sampling for histological confirmation. Upper
endoscopy includes both standard transoral endoscopy (oesophago-gastroduodenoscopy,
OGD) and trans-nasal endoscopy (TNE), the latter of which can be performed awake in
the outpatient clinic setting. Both of these diagnostic techniques are safe, well tolerated
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and provide a high degree of diagnostic accuracy in the hands of an appropriately trained
endoscopist. Both oesophageal and gastric adenocarcinoma have endoscopically detectable
precursors, which carry an increased risk of developing malignancy, and it is on this basis
that guidelines for endoscopic surveillance of higher-risk patients have been developed,
with the aim of detecting cancer earlier. The purpose of this review is to summarise
the latest evidence on endoscopic detection including advanced imaging modalities and
surveillance of oesophageal and gastric neoplasia.

2. High-Quality Upper GI Endoscopy

The way we perform upper GI endoscopy is fundamental to our ability to diagnose
neoplasia early and avoid missed diagnoses. Missed upper GI cancers, or post-endoscopy
upper GI cancers (PEUGIC) are defined as a cancer diagnosis occurring within 3 years of
a previously negative endoscopy. A 2014 meta-analysis found overall mis-rates of 11.3%
for upper GI cancers at 3 years [7]. More recently a Japanese study found that detection
rates of EGC vary considerably by endoscopist (0.09–2.87%), and endoscopists with higher
EGC detection rates were better at detecting minute EGCs (<5 mm) [8]. Awareness of the
diagnostic limitations of upper GI endoscopy is essential and requires attention through
training, audit and honest appraisal of practice. The British Society of Gastroenterology
(BSG) has published a position paper outlining key performance indicators (KPIs) for
upper GI endoscopy [9]. Specifically, this includes ensuring sufficient time is allocated to
procedures, with adequate mucosal visualisation, through a combination of air insufflation,
aspiration and the use of mucosal cleansing agents (e.g., simethicone or n-acetylcysteine).
An OGD should include assessment and photo-documentation of all anatomical landmarks,
with a total of eight photographs recommended. It is also advised that the inspection time
for surveillance procedures, e.g., Barrett’s oesophagus and gastric atrophy or metaplasia,
should be recorded, and a minimum examination time of 7 min is advised [10]. Units
should have mechanisms in place for managing timely surveillance of high-risk patients,
and for auditing rates of PEUGIC.

3. Multi-Disciplinary Approach

Management of upper GI cancers requires a multidisciplinary team (MDT) approach,
including gastroenterologists, radiologists, surgeons, pathologists, oncologists and special-
ist nurses. A similar model is equally applicable to the management of Barrett’s neoplasia,
squamous neoplasia and gastric neoplasia. MDT meetings authorise decisions about endo-
scopic resection vs. surgery, and ensure appropriate audit and follow-up of cases occurs.
Patients with Barrett’s segments of ≥10 cm, a confirmed diagnosis of low-grade dyspla-
sia, high-grade dysplasia or early cancer should all be referred to a specialist centre and
management decisions ratified through an MDT [11,12].

4. Barrett’s Oesophagus
4.1. Definition

Barrett’s oesophagus (BE) is an acquired, premalignant condition occurring in response
to gastro-oesophageal reflux and leading to replacement of the normal squamous mucosa
with a columnar lined distal oesophagus [13]. There have been several differing definitions
histologically and endoscopically over the years since its identification. The condition is
defined by the British Society of Gastroenterology (BSG) guidelines as “an oesophagus in
which any portion of the normal distal squamous epithelial lining has been replaced by
metaplastic columnar epithelium, which is clearly visible endoscopically (≥1 cm) above the
GOJ and confirmed histopathologically from oesophageal biopsies” [13]. This previously
differed from the American guidelines (ASGE and AGA), which defined Barrett’s as the
presence of intestinal metaplasia of the tubular oesophagus, making no cut-off of length
requirement for diagnosis [14], although a more recent 2022 updated American guideline
now acknowledges that at least 1 cm of length of columnar mucosa is required for a BE
diagnosis [15].
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4.2. Barrett’s Oesophagus: Diagnosis—Endoscopy

The gold standard diagnostic tool for Barrett’s oesophagus is endoscopy; either OGD
or TNE are equally sensitive and specific for diagnosis [16]. However, formal diagnosis
requires a combination of endoscopic features and histological confirmation. In order to
accurately identify a Barrett’s segment at endoscopy, it is essential to first locate the gastro-
oesophageal junction (GOJ); this should be done by locating the proximal end of the gastric
folds, done with minimal air insufflation [13]. This allows distinction between an irregular
Z-line, i.e., tongues of columnar lined mucosa <1 cm in length and no circumferential
columnar mucosa, vs. Barrett’s, which, by definition, is ≥1 cm in length. The recent
Kyoto consensus on the anatomy, pathophysiology and clinical significance of the gastro-
oesophageal junction recommended that the junction be redefined as that 1 cm above and
below the distal end of the palisade vessels [17]. Any columnar epithelium above the
middle of this zone is considered to be Barrett’s epithelium. At white light endoscopy,
columnar lined Barrett’s is redder in colour, or salmon-pink, and coarser in appearance,
with a colour more in keeping with the stomach, whereas squamous mucosa appears paler
and smoother.

Once a Barrett’s segment has been identified endoscopically, it should be measured
using the Prague classification (Figure 1), where C = the length of circumferential Barrett’s
from the GOJ and M = the maximal length, i.e., the most proximal point of any of the
tongues [18]. As well as describing the extent of BE and any islands proximally, the
location of the squamo-columnar junction, diaphragmatic pinch and any hiatus hernia
present should also be documented. Despite the validated Prague classification system,
overdiagnosis remains a prevalent issue; in one retrospective study, 32.3% of patients
with a previous diagnosis of BE had their diagnosis revised to no BE after a consensus
review [19]. As such, biopsies at endoscopy should not be routinely taken for irregular
Z-lines or non-circumferential tongues of CLO <1 cm [13,20].
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Figure 1. Barrett’s—Prague classification and Seattle protocol. Endoscopic appearance of Barrett’s
oesophagus with biopsy locations marked with crosses to illustrate the location of biopsies. When
measuring a Barrett’s segment, the Prague classification is used: first measure the length of circum-
ferential (C) Barrett’s in cm from the GOJ (often easiest located by the top of the gastric folds), then
measure the length of the maximal (M), here measured as C1M3. Seattle protocol biopsies: Four
quadrantic biopsies should be taken, starting 1–2 cm above the GOJ and repeated every 2 cm. It is
advisable to begin distally and work proximally to avoid views being obscure by bleeding. Where a
narrow tongue is present, a single biopsy may suffice at that level; targeted biopsies of visible lesions
should be taken first and sent in a separate pot.
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Biopsies for suspected BE should be taken using the Seattle protocol (Figure 1). This
involves four quadrantic biopsies starting 1–2 cm above the GOJ and taken at every 2 cm,
with distal biopsies taken first, then advancing proximally to minimise obscuring of views
by bleeding [13]. Additionally, if a visible lesion is present or there are areas of concern
with the segment, targeted biopsies should be taken first and sent in a separate pot. For
visible lesions, the Paris classification should be used to standardise documentation of size
and morphology.

4.3. Barrett’s Oesophagus: Surveillance and Cancer Risk

The aim of endoscopic surveillance is to detect cancer at a stage when intervention can
be curative. In the setting of BE, surveillance should detect neoplasia before submucosal in-
vasion, when the risk of lymph node metastases increases significantly (9–50%) [21–24]. The
annual cancer conversion rate for non-dysplastic BE has been estimated at 0.22–0.5%/year.
Although there are conflicting data, the presence histologically of IM has been shown to
confer an additional increased risk of cancer; in a Northern Ireland registry study, the
annual incidence of HGD and cancer in patients with IM was significantly higher than
in those without IM (0.38% vs. 0.07%) [25]. There is a lack of RCT evidence for survival
or mortality benefits with BE surveillance; however, guidelines are based on evidence
that surveillance correlates with an earlier stage of cancer diagnosis and improved cancer
survival. It is, therefore, recommended [13].

For non-dysplastic BE, surveillance should take into account the presence of IM and
the length of the BE segment, as well as patient fitness. Surveillance is not recommended
for IM at the cardia, or for BE segments <3 cm with no IM on Seattle biopsies on two
consecutive endoscopies [13]. For patients with BE of less than 3 cm with IM, they should
be offered endoscopic surveillance every 3–5 years. For BE of 3 cm or longer, patients
should receive surveillance endoscopy every 2–3 years, and consideration of referral to
a specialist centre is advised for very long segments >10 cm [13]. During surveillance
endoscopy, the endoscopist should aim to spend a minimum of 1 min inspection time per
1 cm of circumferential BE [10].

It is known that a diagnosis of Barrett’s oesophagus carries a reduced health-related
quality of life, and this likely includes worries about cancer risk, endoscopic surveillance,
and symptom control. Endoscopic therapy for Barrett’s dysplasia is not associated with
improved quality-of-life measures, including when considering similar levels of cancer
worry pre- and post-treatment [26]. There is a need to improve the health-related quality
of life in Barrett’s oesophagus. Communication with patients in clinic is necessary to
understand the psychological and clinical burden this disease carries and to try to reassure
patients and alleviate this.

4.4. Endoscopic Detection of Barrett’s Dysplasia: Chromoendoscopy

All endoscopic surveillance should utilise high-definition endoscopy. Chromoen-
doscopy dye sprays such as methylene blue and indigo carmine have been investigated
extensively as diagnostic adjuncts, but a meta-analysis showed no incremental diagnostic
yield of methylene blue-targeted biopsies for dysplasia diagnosis in BE [27]. Acetic acid
(AA) chromoendoscopy (at 1.5–2.5% concentration) stains BE white (Figure 2A) due to
breakage of glycoprotein disulphide bonds in the superficial mucus layer and acetylation
of cellular proteins [28]. Dysplasia loses this whitening effect earlier than non-dysplastic
BE, which is referred to as early loss of aceto-whitening. Additionally, AA helps improve
the definition of the mucosal architecture, thus helping to display irregular or distorted pits
that are indicators of the presence of dysplasia. Two recent meta-analyses showed very high
levels of accuracy in the detection of dysplasia (HGD) and intramucosal cancer (IMCa) with
AA: pooled sensitivity, negative predictive value and specificity for AA chromoendoscopy
were 96.6% (95% confidence interval (CI), 95–98), 98.3% (95% CI, 94.8–99.4) and 84.6%
(95% CI, 68.5–93.2), respectively [29,30]. AA is therefore a useful and widely available
adjunct that should be used in BE surveillance to aid dysplasia detection.
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Figure 2. Barrett’s and early squamous neoplasia. (A) shows an example of a Barrett’s segment
after acetic acid application. Here, the mucosal pit patterns are clearly visible, with no early loss
of aceto-whitening. In (B), an example of flat Barrett’s neoplasia is seen in white light with near
focus. Below the dashed line, the surface pattern is irregular with disorganised vessels. In (C), the
same area is better seen with NBI and near focus; above the dashed line, the pit pattern is regular,
and below there are disorganised irregular pits with irregular vessels, suggestive of high-grade
dysplasia or intramucosal cancer. (D) shows flat squamous neoplasia after application of Lugol’s,
with a long area of Lugol voiding (paler) seen at 5 o’clock. (E,F) are examples of squamous neoplasia
seen with magnification; the intrapapillary capillary loops (IPCLs) can be seen. In (E), there are type
B1 vessels with increased tortuosity and vessel density but retained loop structure corresponding to
T1a carcinoma in situ, and in (F) there are type B2 vessels with gross dilatation and tortuosity with
loss of normal loop structure, suggestive of T1a cancer with invasion of the muscularis mucosa.

4.5. Endoscopic Detection of Barrett’s Dysplasia: Advanced Imaging

A number of advanced imaging modalities are now widely available (narrow-band imag-
ing, NBI—Olympus, iScan—Pentax, Fujinon intelligent colour enhancement (FICE)—Fujinon),
and use optical light filters, often with downstream processing to enhance visualisation
of the mucosal surface (Figure 2B,C). Many centres will work from a single endoscope
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platform and, therefore, would tend to only use the advanced imaging modality that is
available in the department. Advanced imaging technologies have been evaluated in the
context of improving dysplasia detection in BE, with most data relating to NBI. At the
time of European and British guidelines being published, the routine use of electronic
chromoendoscopy was not advised, due to the lack of evidence of its additional value over
high-definition white light endoscopy (WLE) [11,13]. However, an updated meta-analysis
including 504 patients found virtual chromoendoscopy with HD-WLE was associated with
a higher detection rate of HGD/OAC compared with HD-WLE alone (14.7% vs. 10.1%;
relative risk, 1.44) [31]. A further meta-analysis found that NBI with targeted biopsies had
a >90% sensitivity and specificity for detection of BE neoplasia [29]. As such, more recent
American guidelines (the ASGE and AGA technology committee) now recommend the
routine use of HD-WLE and virtual chromoendoscopy [14,32]. The Barrett’s International
NBI Group (BING) developed and validated a classification system for identifying HGD
and early adenocarcinoma using NBI; this includes both mucosal and vascular patterns
under NBI, and classifies them into regular or irregular, resulting in high accuracy (85%)
and inter-observer agreement (kappa 0.681) [33]. There is, therefore, a strong body of
evidence to advocate for the routine use of NBI as an adjunct to Seattle protocol biopsies
for all BE surveillance cases.

4.6. Endoscopic Detection of Barrett’s Dysplasia: Confocal Laser Endomicroscopy (CLE) and
Volumetric Laser Endomicroscopy (VLE)

CLE uses blue laser light combined with an intravenous fluorescent agent to provide
in vivo mucosal inspection at microscopic levels (up to 1000× magnification). There are
two types of CLE—endoscope-based (eCLE) and probe-based (pCLE). eCLE was shown in
a multi-centre international RCT to significantly increase the diagnostic yield of HGD and
early adenocarcinoma vs. Seattle biopsies and to improve real-time decision making for
endoscopic therapy [34]. The ASGE technology committee’s updated systematic review
and meta-analysis found a pooled sensitivity, NPV and specificity of 90.4%, 98.3% and
92.7% (95% CI, 87–96), respectively, meeting the PIVI thresholds [29]. This meta-analysis
also analysed the performance of pCLE, revealing a sensitivity of 90.3%, NPV of 95.1% and
specificity of 77%, falling just below PIVI thresholds. At present, CLE is not widely available
even in specialist centres and, thus, is yet to be adopted further, nor is it recommended for
routine use by guidelines. It also requires the use of an IV fluorescent agent and a longer
procedure time.

VLE is a form of optical coherence tomography (OCT) that provides a complete scan
of the oesophageal wall. It utilises infra-red light to image the surface and deeper layers
of tissue, producing a cross-sectional, high-resolution (up to 7 µm), real-time image. It
is reported to be able to scan a 6 cm length of oesophagus in 90 s [35]. VLE has been
shown to improve dysplasia detection over Seattle biopsies in a post-dysplasia treatment
cohort (8.3% vs. 32.7%, p = 0.02), whereas in a treatment-naïve BE cohort, there was no
difference. More recently, a study has looked at the feasibility of VLE in combination with
computer-aided detection (CAD) of BE dysplasia, and found higher levels of BE neoplasia
detection in a retrospective analysis [36]. At the time of the ASGE technology appraisal, as
there was only one study of VLE in BE, there was insufficient evidence for recommending
its use in BE surveillance [29]. While it is important to be aware of these technologies, they
are not available in most centres, and remain in use primarily as part of research studies.

5. Alternative Sampling Technologies
5.1. Wide-Area Transepithelial Sampling (WATS)

WATS is an alternative epithelial sampling technique aimed at reducing the limitations
of the gold standard, forceps biopsy. Traditional Seattle protocol forceps biopsies are
time-consuming, operator-dependent and poorly adhered to. It has also been shown
that quadrantic biopsies of a BE segment sample as little as 3.5% of the surface of the
segment [37]. Although this can be mitigated to some extent by the use of enhanced imaging
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endoscopy, there remains a significant operator dependency when taking representative
samples with standard biopsies. WATS utilises a brush-biopsy technique, wherein an
abrasive through the scope brush samples the entire thickness of the epithelial layer,
allowing efficient sampling of a wide area of the oesophagus. Analysis of the resulting
tissue specimen is aided by a neural network-based, computer-assisted scan of each slide
with a three-dimensional reconstruction (WATS-3D) that is displayed to the pathologist on
a video monitor.

Data to support the use of WATS have led to it being incorporated into the ASGE
and AGA Barrett’s surveillance guidelines as an adjunct to Seattle biopsies for dysplasia
detection [14,32]. A recent systematic review and meta-analysis of seven studies showed
an increased yield for dysplasia detection of 7.2% of WATS over forceps biopsies [38]. In
addition, the histopathological interpretation of WATS specimens was shown to have less
interobserver variability than standard histopathology, with a kappa of 0.86 [39], making
the use of WATS a reliable diagnostic tool.

5.2. Cytosponge

A number of studies have investigated the use of a swallowed sponge device to detect
BE. The Cytosponge is a small mesh sponge attached to a string, within a soluble capsule.
It can be safely swallowed orally, under the instruction of a nurse, in primary care settings
to collect oesophageal epithelial samples for analysis. The device can collect cells from
the entire oesophagus and has been reported as an accurate and acceptable method of
sample collection for BE screening [40,41]. A UK multicentre RCT compared Cytosponge-
TFF3 testing with the usual care in patients taking acid suppressants in primary care. The
estimated adjusted relative risk of detecting BE was 10.6 (95% confidence interval, 6.0–18.8)
for the Cytosponge-TFF3 group vs. the usual care in a 12-month follow-up, equating to
127 new BE cases (Cytosponge-TFF3) vs. 13 (usual care) [42]. The Cytosponge has yet
to be validated for the surveillance of BE patients; however, several pilot studies have
been carried out showing that the Cytosponge-TFF3 could enable targeted endoscopy for
higher-risk individuals [43,44], with TFF3 positivity increasing with segment length (odds
ratio 1.37 per 1 cm segment length), while those BE patients with TFF3-negative sponge
results and short segments could potentially be saved endoscopic surveillance. Further
longitudinal studies are needed to establish the Cytosponge’s role in BE surveillance and
whether it can be used in a screening role outside of secondary care.

6. Oesophageal Squamous Neoplasia
6.1. Introduction and Diagnosis

Squamous cell carcinoma (SCC) remains the leading cause of oesophageal cancer
outside of Western countries. Heavy drinking and smoking are risk factors in developed
countries for SCC, with a RR of 2.62 for alcohol intake of 12.5 g/day or more and a RR
of 2.63 for smoking. Additional suspected risk factors include betel nut chewing, pickled
vegetables and very hot food or beverage consumption [1]. An awareness of risk factors
for SCC is essential to better detect cases at endoscopy. Additionally, a history of head
and neck SCCs was found to carry a risk of 3.2–9.9% for oesophageal SCC in screening
studies [45,46]; there is, therefore, a strong argument for offering endoscopic screening to
patients with head and neck SCC. As with adenocarcinoma, when patients present with
symptoms of dysphagia, SCC is often diagnosed at an advanced stage, with poor survival
rates. Superficial early-stage SCC is often asymptomatic and carries a much better survival
rate if identified and treated.

6.2. Endoscopic Diagnosis of SCC

Early (intramucosal) SCC is often flat with minimal change to the shape of the oe-
sophageal surface; this makes it difficult to detect with standard WLE. Meanwhile, more
advanced SCC tends to be elevated (Paris I) or excavated/depressed (Paris III) or a combi-
nation of the two [47]. WLE alone is insufficient for reliably detecting early SCC, and the
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use of adjuncts or advanced imaging endoscopy is needed to maximise diagnostic yield in
higher-risk patients.

6.3. Endoscopic Detection: Chromoendoscopy & Advanced Imaging

Lugol’s iodine chromoendoscopy (LCE) is an iodine-based spray that is deployed
through the scope via a spray catheter. Iodine is taken up by glycogen in normal squa-
mous mucosa, whereas areas of SCC are glycogen-poor, resulting in Lugol voiding areas
(Figure 2D) due to reduced uptake of iodine. This is also known as the “pink-colour sign”
and correlates histologically with at least HGD [47]. Lugol-targeted biopsies in a high-risk
cohort identified patients with squamous HGD with 46% sensitivity and 90% specificity [48].
A separate large cohort study found that >60% of Lugol voiding lesions >10 mm in size
had at least HGD, whereas <5% of voiding lesions <5 mm contained HGD [49]. A more
recent meta-analysis (12 studies, 1911 patients) looked at NBI and Lugol’s and found a
sensitivity of 92% (95% CI, 86–96%) and specificity of 82% (95% CI, 80–85%) for Lugol’s
chromoendoscopy in the per-patient analysis [50]. This same meta-analysis found NBI to
be accurate for assessing squamous neoplasia (HGD and early SCC), with a sensitivity of
88%, specificity of 88% upon per-patient analysis, which, in fact, showed superiority over
Lugol’s in terms of specificity.

The vessel pattern of squamous mucosa has been described as intrapapillary capillary
loops (IPCLs) (Figure 2E,F). The Japanese Esophageal Society (JES) IPCL classification
describes five patterns, correlating to normal (type I), inflamed (type II), inflamed/low-
grade neoplasia (type III), low-grade neoplasia/high-grade neoplasia (type IV) and cancer
(type V) [51]. NBI with magnification has been shown to accurately predict the depth of
SCC invasion in expert hands (type V1 = m1, type V2 = m2, type V3 = m3/SM1, type
Vn = SM2) [52]. Similar degrees of accuracy have been seen with FICE and magnified
FICE in detecting early SCC compared to Lugol’s, 92.6% vs. 88.9% (p = 0.642), while the
addition of magnification endoscopy did not significantly improve detection rates [53]. The
JES has since developed a simplified classification system for use with magnification to
estimate the invasion depth of superficial oesophageal SCC; this can be split into type A
(non-cancerous) with normal IPCLs or abnormal microvessels without severe irregularities;
and type B (cancerous) with abnormal microvessels with severe irregularities (Figure 2E,F).
Type B is further subdivided into B1, B2 and B3, each corresponding to progressive depths
of invasion (from T1a to T1b SM2) [54].

7. Gastric Atrophy and Intestinal Metaplasia
7.1. Definition

The development of gastric adenocarcinoma (non-cardia type) occurs in the context
of Helicobacter pylori-related chronic inflammation, and less commonly in the context of
autoimmune gastritis. The Correa cascade describes a stepwise transformation from chronic
inflammation to chronic atrophic gastritis (CAG), intestinal metaplasia and finally dysplasia
and cancer [55]. As such, CAG is considered a precursor lesion to gastric adenocarcinoma.
Atrophic gastritis is defined histologically by the presence of chronic inflammation and
the loss of pre-existent gastric glands, with native gastric glands replaced by metaplastic
glands when IM is present [56].

7.2. Endoscopic Diagnosis of CAG and Gastric IM

At endoscopy, atrophy is readily identified with white light, by loss of the gastric
rugae, mucosal pallor and increased visibility of mucosal vessels. The atrophic border
can usually be identified as a demarcation between normal mucosa and atrophic mucosa;
this moves proximally as the disease progresses. Using WLE, gastric IM appears as paler-
white patches, or elevated plaques, surrounded by pinker areas of mucosa (Figure 3A).
There is often an irregular uneven contour to the gastric surface, with patchy erythema
a sign associated with gastric IM [57]. WLE should not be used as the sole modality for
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the detection and assessment of gastric IM due to its inferior accuracy compared to NBI
(53% vs. 87%: p < 0.001) [58].
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Figure 3. Atrophic gastritis, gastric IM and early cancer. (A,B) show the appearance in retroflexion
of pan-atrophy with widespread gastric IM. With white light (A), there is an uneven surface with
patchy erythema; in NBI (B), the uneven surface is accentuated and the elongated groove-type pit
pattern can be seen. In (C,D), near-focus NBI allows closer interrogation of the surface pit pattern,
with the white opaque substance (WOS) on IM visible in (C) (circled by dashed line) and adjacent
normal corpus pits (blue arrow). (D) shows an example of multifocal gastric IM seen with NBI with
near focus. In (E), an early gastric cancer is visible (blue arrow) along the distal greater curvature;
morphologically, this is a Paris IIa and IIc lesion, with the central depression suggesting higher-grade
changes. (F,G) show the same early gastric cancer with white light near-focus and NBI near-focus
where the distorted vascular and surface patterns can be seen.
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7.3. Gastric Intestinal Metaplasia: Advanced Imaging

A number of studies have shown improved detection of gastric IM with enhanced
imaging (NBI). As patches of gastric IM expand, the glands elongate to form a “groove type
pattern” similar to that of the antrum or villiform pattern of the intestine (Figure 3A,C).
Although these changes can easily be distinguished from the normal corpus, IM in the
antrum is more difficult to characterise [57]. Additional features of gastric IM that can
aid the endoscopic diagnosis in the antrum include the light blue crest (LBC) and the
marginal turbid band best seen with NBI and magnification [59,60]. The Endoscopic
Grading of Gastric Intestinal Metaplasia (EGGIM) score is an alternative method of staging
the stomach by the presence of gastric IM, and utilises NBI to assess each of the five areas
of the stomach (<30% or >30% of the mucosal surface), with targeted biopsies to confirm. A
recent validation study compared the EGGIM score with the histological OLGIM score and
suggested that such an endoscopic staging system may be clinically efficacious [61].

7.4. Gastric Neoplasia Detection: Advanced Imaging

High-definition endoscopy should always be used when assessing the high-risk stom-
ach. Features suggestive of dysplasia include irregular vessels and glands, with loss of the
normal pits and mucosal pattern. Non-healing gastric ulcers are also a feature of neoplasia.
The use of NBI with magnification (in conjunction with WLE) yields a higher accuracy for
detection of early gastric cancer (EGC) with a sensitivity of 95% and specificity of 96.8%
for depressed EGCs [62]. The Japanese Vascular Surface (VS) classification was proposed
in 2009 [63] and describes the microvascular (MV) pattern and microsurface (MS) pattern
independently to help predict the histology of EGC. Using the VS classification for EGC,
features include the presence of a demarcation line and identification of irregular MV and
MS patterns inside the demarcation line. The MV pattern can be further subdivided into
two types: fine network pattern (with a mesh formation) and corkscrew pattern (tortuous
pattern with no connections) [64]. Studies of the diagnostic performance of NBI with
magnification using the VS classification system have shown up to 95% sensitivity and 96%
specificity [65].

Endocytoscopy (EC) offers ultra-high magnification, allowing mucosal visualisation
at the cellular level. EC has been studied in several studies to augment the detection of
early, superficial gastric lesions. This includes the detection of signet ring carcinomas in the
stomach and gastric lymphomas. There is as yet no standardised classification for EC and
gastric lesion diagnosis [65]; additionally, EC is rarely available outside of research settings.

7.5. Gastric Surveillance

The grade and severity of CAG are predictive of GC risk, with population studies
suggesting annual incidences of GC of 0.1–0.25% for CAG and gastric IM [66]. Longitudinal
studies suggest that endoscopic staging of CAG with the modified Kimura–Takemoto
classification system is a useful stratification system to predict GC risk [67,68]. Three yearly
surveillance visits should be offered to patients diagnosed with extensive CAG or gastric
IM defined as that involving the gastric antrum and body [56,69]. Additional risk factors
that might warrant surveillance include a strong family history of gastric cancer or resistant
H pylori infection, and more intensive follow-ups every 1–2 years might be considered.
Biopsies should be taken of sites according to the Sydney protocol (Figure 4), and within
these, the BSG guidelines recommend direct sampling of areas of gastric IM.
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Figure 4. Sydney protocol for chronic atrophic gastritis. Sydney protocol biopsies should be taken in
patients with endoscopic evidence of CAG and/or gastric IM; these allow histological confirmation
and staging of extent to help with risk stratification and surveillance planning. Biopsies should
be taken and sent in separate pots from the antrum (site A1 and A2), incisura (site I), lesser curve
(site LC) and greater curve (site GC). Documentation of the location of the atrophic border if visible
endoscopically, and the endoscopic staging using the modified Kimura–Takemoto system, helps
standardise reporting.

8. Novel Technologies/AI

The last two decades have seen a rapid expansion in the field of artificial intelligence
(AI), with great advances made in applications for endoscopy. Improving the detection
of neoplasia in the upper GI tract is an area well suited for automated adjuncts to both
complement optical diagnosis (computer-aided diagnosis, CADx) and reduce missed
lesions through improved lesion detection (computer-aided detection, CADe). The ESGE
has published a 2022 position statement on the expected value of AI in gastrointestinal
endoscopy [70].

8.1. Oesophageal Neoplasia

Several research groups have developed AI systems with high sensitivities for detect-
ing BE-related neoplasia during real-time endoscopy (ranging from 83.7–95.4%) [71–73].
Furthermore, two systematic reviews and meta-analyses pooling real-time and standalone
performance have also shown detection performances of 88–96% [70]. In addition to the
detection of dysplasia, AI tools have been developed to discriminate submucosal inva-
sion depth in BE-related cancer (T1a vs. T1b), with one study showing sensitivity (77%),
specificity (64%) and accuracy (71%) that were not significantly different from those of
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experts [54]. Further research is needed to establish AI’s use in predicting submucosal
invasion, but this has potentially large cost- and treatment-saving benefits.

In the setting of early SCC, a UK study trained a convolutional neural network using
magnified NBI images to detect and stage early SCC based on the IPCL classification
system, with 93.7% accuracy and 86.2% sensitivity and 98.3% specificity for detecting early
SCC lesions [74]. Subsequently, a multicentre study developed an AI system to predict
IPCL subtypes for superficial early SCC and found that the ability of junior endoscopists to
diagnose IPCL subtypes was significantly improved with AI assistance [75].

8.2. Gastric Neoplasia

Detection of EGC presents a potentially greater challenge than in the oesophagus.
Lesions are often flat and subtle, occurrence in lower-incidence countries is infrequent,
and the anatomy of the stomach, with its rugae, large surface area and overlying mucus,
all increase the difficulty of training an AI algorithm to detect EGC. A 2021 Chinese RCT
developed an updated version of ENDOANGEL for monitoring blind spots during OGD to
improve the quality of endoscopy. In a multicentre RCT, over 1000 participants undergoing
upper GI endoscopy were randomly assigned to either ENDOANGEL-assisted endoscopy
or routine endoscopy. The AI-assisted group had fewer blind spots and longer inspection
times, and the ENDOANGEL correctly predicted EGC in all three cases [76]. Further to
this, a single-centre randomised controlled trial tested an AI system designed to detect
gastric neoplasia. They performed same-day tandem OGD, with patients first undergoing
either AI-assisted (AI-first) or routine (routine-first) WLE. Targeted biopsies were taken of
all detected lesions, with the gastric neoplasm miss rate significantly lower, fewer biopsies
needed and higher positive predictive values in the AI-first group [77]. A meta-analysis
of AI-assisted endoscopy for the diagnosis of EGC (16 studies) found that AI was more
accurate than experts, achieving an AUC of 0.96 (95% CI, 0.94–0.97), sensitivity of 86%
(95% CI, 77–92%) and specificity of 93% (95% CI, 89–96%) [78]. These are very promising
data that may lead to changes in practice in the near future.

9. Conclusions

There is now a wealth of data to support best practices in the detection and surveillance
of pre-cancerous and early cancerous lesions in the upper GI tract; national and international
guidelines should be adhered to in clinical practice and form the basis of treatment decisions.
Once high-risk precursors are identified, endoscopists should be familiar with what imaging
adjuncts there are to maximise neoplasia detection, including chromoendoscopy and
enhanced imaging. With the rapid advancements seen in newer sampling techniques and
AI-assisted endoscopy, earlier detection and real-time classification of neoplasia should
continue to improve; a clear understanding of the features of early neoplasia remains
essential to improving early detection. We believe future work is needed to improve quality
indicators in the diagnosis and surveillance of upper GI precursor lesions, especially
for gastric lesions for which practice in low-incidence countries has lagged behind that
of Barrett’s surveillance. Ongoing research in AI could facilitate improved quality in
endoscopic detection with upper GI endoscopy, through the automated assessment of the
completeness of inspection and automated recognition of lesions (BE, CAG, gastric IM).

Author Contributions: W.W. and M.R.B. planned and wrote the original manuscript, D.G.G. provided
images and helped review and edit the manuscript, all authors were involved in approving the final
version. 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: Data sharing not applicable.

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



Diagnostics 2024, 14, 301 13 of 16

References
1. 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 J. Clin. 2021, 71, 209–249. [CrossRef]
2. Morgan, E.; Soerjomataram, I.; Rumgay, H.; Coleman, H.G.; Thrift, A.P.; Vignat, J.; Laversanne, M.; Ferlay, J.; Arnold, M. The

Global Landscape of Esophageal Squamous Cell Carcinoma and Esophageal Adenocarcinoma Incidence and Mortality in 2020
and Projections to 2040: New Estimates From GLOBOCAN 2020. Gastroenterology 2022, 163, 649–658.e2. [CrossRef]

3. ONS. Cancer Survival in England: Adult, Stage at Diagnosis and Childhood—Patients Followed up to 2016: Cancer Survival in England for
Specific Cancer Sites by Age, Sex and Stage at Diagnosis; Dandy Booksellers Limited: London, UK, 2017; pp. 1–37.

4. Maringe, C.; Spicer, J.; Morris, M.; Purushotham, A.; Nolte, E.; Sullivan, R.; Rachet, B.; Aggarwal, A. The impact of the COVID-19
pandemic on cancer deaths due to delays in diagnosis in England, UK: A national, population-based, modelling study. Lancet
Oncol. 2020, 21, 1023–1034. [CrossRef] [PubMed]

5. Reim, D.; Loos, M.; Vogl, F.; Novotny, A.; Schuster, T.; Langer, R.; Becker, K.; Höfler, H.; Siveke, J.; Bassermann, F.; et al. Prognostic
implications of the seventh edition of the international union against cancer classification for patients with gastric cancer: The
western experience of patients treated in a single-center European institution. J. Clin. Oncol. 2013, 31, 263–271. [CrossRef]
[PubMed]

6. Suzuki, H.; Oda, I.; Abe, S.; Sekiguchi, M.; Mori, G.; Nonaka, S.; Yoshinaga, S.; Saito, Y. High rate of 5-year survival among
patients with early gastric cancer undergoing curative endoscopic submucosal dissection. Gastric Cancer 2016, 19, 198–205.
[CrossRef] [PubMed]

7. 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]

8. Murakami, D.; Yamato, M.; Amano, Y.; Nishino, T.; Arai, M. Variation in the rate of detection of minute and small early gastric
cancers at diagnostic endoscopy may reflect the performance of individual endoscopists. BMJ Open Gastroenterol. 2023, 10, e001143.
[CrossRef] [PubMed]

9. Beg, S.; Ragunath, K.; Wyman, A.; Banks, M.; Trudgill, N.; Pritchard, M.D.; Riley, S.; Anderson, J.; Griffiths, H.; Bhandari, P.; et al.
Quality standards in upper gastrointestinal endoscopy: A position statement of the British Society of Gastroenterology (BSG)
and Association of Upper Gastrointestinal Surgeons of Great Britain and Ireland (AUGIS). Gut 2017, 66, 1886–1899. [CrossRef]
[PubMed]

10. Bisschops, R.; Areia, M.; Coron, E.; Dobru, D.; Kaskas, B.; Kuvaev, R.; Pech, O.; Ragunath, K.; Weusten, B.; Familiari, P.;
et al. Performance measures for upper gastrointestinal endoscopy: A European Society of Gastrointestinal Endoscopy quality
improvement initiative. United Eur. Gastroenterol. J. 2016, 4, 629–656. [CrossRef]

11. Weusten, B.L.A.M.; Bisschops, R.; Coron, E.; Dinis-Ribeiro, M.; Dumonceau, J.M.; Esteban, J.M.; Hassan, C.; Pech, O.; Repici,
A.; Bergman, J.; et al. Endoscopic management of Barrett’s esophagus: European Society of Gastrointestinal Endoscopy (ESGE)
position statement. Endoscopy 2017, 49, 191–198. [CrossRef]

12. Weusten, B.L.A.M.; Bisschops, R.; Dinis-Ribeiro, M.; Di Pietro, M.; Pech, O.; Spaander, M.C.W.; Baldaque-Silva, F.; Barret, M.;
Coron, E.; Fernández-Esparrach, G.; et al. Diagnosis and management of Barrett esophagus: European Society of Gastrointestinal
Endoscopy (ESGE) Guideline. Endoscopy 2023, 55, 1124–1146. [CrossRef] [PubMed]

13. Fitzgerald, R.C.; Di Pietro, M.; Ragunath, K.; Ang, Y.; Kang, J.Y.; Watson, P.; Trudgill, N.; Patel, P.; Kaye, P.V.; Sanders, S.; et al.
British Society of Gastroenterology guidelines on the diagnosis and management of Barrett’s oesophagus. Gut 2014, 63, 7–42.
[CrossRef] [PubMed]

14. Qumseya, B.; Sultan, S.; Bain, P.; Jamil, L.; Jacobson, B.; Anandasabapathy, S.; Agrawal, D.; Buxbaum, J.L.; Fishman, D.S.; Gurudu,
S.R.; et al. ASGE guideline on screening and surveillance of Barrett’s esophagus. Gastrointest. Endosc. 2019, 90, 335–359.e2.
[CrossRef] [PubMed]

15. Shaheen, N.J.; Falk, G.W.; Iyer, P.G.; Souza, R.F.; Yadlapati, R.H.; Sauer, B.G.; Wani, S. Diagnosis and management of Barrett’s
esophagus: An updated ACG guideline. Am. J. Gastroenterol. 2022, 117, 559–587. [CrossRef] [PubMed]

16. Shariff, M.K.; Bird-Lieberman, E.L.; O’Donovan, M.; Abdullahi, Z.; Liu, X.; Blazeby, J.; Fitzgerald, R. Randomized crossover study
comparing efficacy of transnasal endoscopy with that of standard endoscopy to detect Barrett’s esophagus. Gastrointest. Endosc.
2012, 75, 954–961. [CrossRef] [PubMed]

17. Sugano, K.; Spechler, S.J.; El-Omar, E.M.; McColl, K.E.L.; Takubo, K.; Gotoda, T.; Fujishiro, M.; Iijima, K.; Inoue, H.; Kawai, T.; et al.
Kyoto international consensus report on anatomy, pathophysiology and clinical significance of the gastro-oesophageal junction.
Gut 2022, 71, 1488–1514. [CrossRef]

18. Sharma, P.; Dent, J.; Armstrong, D.; Bergman, J.J.G.H.M.; Gossner, L.; Hoshihara, Y.; Jankowski, J.A.; Junghard, O.; Lundell, L.;
Tytgat, G.N.J.; et al. The development and validation of an endoscopic grading system for Barrett’s esophagus: The Prague C &
M criteria. Gastroenterology 2006, 131, 1392–1399. [CrossRef]

19. Ganz, R.A.; Allen, J.I.; Leon, S.; Batts, K.P. Barrett’s esophagus is frequently overdiagnosed in clinical practice: Results of the
Barrett’s Esophagus Endoscopic Revision (BEER) study. Gastrointest. Endosc. 2014, 79, 565–573. [CrossRef]

20. Shaheen, N.J.; Falk, G.W.; Iyer, P.G.; Gerson, L.B. ACG Clinical Guideline: Diagnosis and Management of Barrett’s Esophagus.
Am. J. Gastroenterol. 2016, 111, 30–50. [CrossRef]

https://doi.org/10.3322/caac.21660
https://doi.org/10.1053/j.gastro.2022.05.054
https://doi.org/10.1016/S1470-2045(20)30388-0
https://www.ncbi.nlm.nih.gov/pubmed/32702310
https://doi.org/10.1200/JCO.2012.44.4315
https://www.ncbi.nlm.nih.gov/pubmed/23213098
https://doi.org/10.1007/s10120-015-0469-0
https://www.ncbi.nlm.nih.gov/pubmed/25616808
https://doi.org/10.1055/s-0034-1365524
https://www.ncbi.nlm.nih.gov/pubmed/26135259
https://doi.org/10.1136/bmjgast-2023-001143
https://www.ncbi.nlm.nih.gov/pubmed/37407230
https://doi.org/10.1136/gutjnl-2017-314109
https://www.ncbi.nlm.nih.gov/pubmed/28821598
https://doi.org/10.1177/2050640616664843
https://doi.org/10.1055/s-0042-122140
https://doi.org/10.1055/a-2176-2440
https://www.ncbi.nlm.nih.gov/pubmed/37813356
https://doi.org/10.1136/gutjnl-2013-305372
https://www.ncbi.nlm.nih.gov/pubmed/24165758
https://doi.org/10.1016/j.gie.2019.05.012
https://www.ncbi.nlm.nih.gov/pubmed/31439127
https://doi.org/10.14309/ajg.0000000000001680
https://www.ncbi.nlm.nih.gov/pubmed/35354777
https://doi.org/10.1016/j.gie.2012.01.029
https://www.ncbi.nlm.nih.gov/pubmed/22421496
https://doi.org/10.1136/gutjnl-2022-327281
https://doi.org/10.1053/j.gastro.2006.08.032
https://doi.org/10.1016/j.gie.2013.09.024
https://doi.org/10.1038/ajg.2015.322


Diagnostics 2024, 14, 301 14 of 16

21. Manner, H.; Pech, O.; Heldmann, Y.; May, A.; Pauthner, M.; Lorenz, D.; Fisseler-Eckhoff, A.; Stolte, M.; Vieth, M.; Ell, C. The
frequency of lymph node metastasis in early-stage adenocarcinoma of the esophagus with incipient submucosal invasion (pT1b
sm1) depending on histological risk patterns. Surg. Endosc. Other Interv. Tech. 2015, 29, 1888–1896. [CrossRef]

22. Alvarez Herrero, L.; Pouw, R.E.; Van Vilsteren, F.G.I.; Ten Kate, F.J.W.; Visser, M.; Van Berge Henegouwen, M.I.; Weusten, B.L.A.M.;
Bergman, J. Risk of lymph node metastasis associated with deeper invasion by early adenocarcinoma of the esophagus and
cardia: Study based on endoscopic resection specimens. Endoscopy 2010, 42, 1030–1036. [CrossRef]

23. Schölvinck, D.; Künzli, H.; Meijer, S.; Seldenrijk, K.; van Berge Henegouwen, M.; Bergman, J.; Weusten, B. Management of patients
with T1b esophageal adenocarcinoma: A retrospective cohort study on patient management and risk of metastatic disease. Surg.
Endosc. 2016, 30, 4102–4113. [CrossRef] [PubMed]

24. Graham, D.; Sever, N.; Magee, C.; Waddingham, W.; Banks, M.; Sweis, R.; Al-Yousuf, H.; Mitchison, M.; Alzoubaidi, D.;
Rodriguez-Justo, M.; et al. Risk of lymph node metastases in patients with T1b oesophageal adenocarcinoma: A retrospective
single centre experience. World J. Gastroenterol. 2018, 24, 4698. [CrossRef]

25. Bhat, S.; Coleman, H.G.; Yousef, F.; Johnston, B.T.; McManus, D.T.; Gavin, A.T.; Murray, L.J. Risk of malignant progression in
Barrett’s esophagus patients: Results from a large population-based study. J. Natl. Cancer Inst. 2011, 103, 1049–1057. [CrossRef]

26. Ratcliffe, E.; Britton, J.; Heal, C.; Keld, R.; Murgatroyd, M.; Willert, R.; McLaughlin, J.; Hamdy, S.; Ang, Y. Quality of life measures
in dysplastic Barrett’s oesophagus are comparable to patients with non-dysplastic Barrett’s oesophagus and do not improve after
endoscopic therapy. BMJ Open Gastroenterol. 2023, 10, e001091. [CrossRef]

27. Ngamruengphong, S.; Sharma, V.K.; Das, A. Diagnostic yield of methylene blue chromoendoscopy for detecting specialized
intestinal metaplasia and dysplasia in Barrett’s esophagus: A meta-analysis. Gastrointest. Endosc. 2009, 69, 1021–1028. [CrossRef]
[PubMed]

28. Chedgy, F.J.Q.; Subramaniam, S.; Kandiah, K.; Thayalasekaran, S.; Bhandari, P. Acetic acid chromoendoscopy: Improving
neoplasia detection in Barrett’s esophagus. World J. Gastroenterol. 2016, 22, 5753–5760. [CrossRef] [PubMed]

29. Thosani, N.; Abu Dayyeh, B.K.; Sharma, P.; Aslanian, H.R.; Enestvedt, B.K.; Komanduri, S.; Manfredi, M.; Navaneethan, U.;
Maple, J.T.; Pannala, R.; et al. ASGE Technology Committee systematic review and meta-analysis assessing the ASGE Preservation
and Incorporation of Valuable Endoscopic Innovations thresholds for adopting real-time imaging-assisted endoscopic targeted
biopsy during endoscopic surveillance. Gastrointest. Endosc. 2016, 83, 684–698.e7. [CrossRef]

30. Coletta, M.; Sami, S.S.; Nachiappan, A.; Fraquelli, M.; Casazza, G.; Ragunath, K. Acetic acid chromoendoscopy for the diagnosis
of early neoplasia and specialized intestinal metaplasia in Barrett’s esophagus: A meta-analysis. Gastrointest. Endosc. 2016, 83,
57–67.e1. [CrossRef]

31. Wani, S.; Yadlapati, R.; Singh, S.; Sawas, T.; Katzka, D.A. Post-endoscopy Esophageal Neoplasia in Barrett’s Esophagus: Consensus
Statements From an International Expert Panel. Gastroenterology 2022, 162, 366–372. [CrossRef]

32. Muthusamy, V.R.; Wani, S.; Gyawali, C.P.; Komanduri, S.; Bergman, J.; Canto, M.I.; Chak, A.; Corley, D.; Falk, G.W.; Fitzgerald, R.;
et al. AGA Clinical Practice Update on New Technology and Innovation for Surveillance and Screening in Barrett’s Esophagus:
Expert Review. Clin. Gastroenterol. Hepatol. 2022, 20, 2696–2706.e1. [CrossRef]

33. Sharma, P.; Bergman, J.J.G.H.M.; Goda, K.; Kato, M.; Messmann, H.; Alsop, B.R.; Gupta, N.; Vennalaganti, P.; Hall, M.; Konda, V.;
et al. Development and Validation of a Classification System to Identify High-Grade Dysplasia and Esophageal Adenocarcinoma
in Barrett’s Esophagus Using Narrow-Band Imaging. Gastroenterology 2016, 150, 591–598. [CrossRef]

34. Canto, M.I.; Anandasabapathy, S.; Brugge, W.; Falk, G.W.; Dunbar, K.B.; Zhang, Z.; Woods, K.; Almario, J.A.; Schell, U.; Goldblum,
J.; et al. In vivo endomicroscopy improves detection of Barrett’s esophagus-related neoplasia: A multicenter international
randomized controlled trial (with video). Gastrointest. Endosc. 2014, 79, 211–221. [CrossRef]

35. Anandasabapathy, S.; Mansour, N.M. Beyond Seattle: WATS and Advanced Imaging in Barrett’s Esophagus. Foregut J. Am.
Foregut Soc. 2021, 1, 32–38. [CrossRef]

36. Struyvenberg, M.R.; van der Sommen, F.; Swager, A.F.; de Groof, A.J.; Rikos, A.; Schoon, E.J.; Bergman, J.J.; de With, P.H.N.;
Curvers, W.L. Improved Barrett’s neoplasia detection using computer-assisted multiframe analysis of volumetric laser endomi-
croscopy. Dis. Esophagus Off. J. Int. Soc. Dis. Esophagus 2020, 33, doz065. [CrossRef]

37. Tschanz, E.R. Do 40% of Patients Resected for Barrett Esophagus With High-Grade Dysplasia Have Unsuspected Adenocarcinoma?
Arch. Pathol. Lab. Med. 2005, 129, 177–180. [CrossRef]

38. Codipilly, D.C.; Krishna Chandar, A.; Wang, K.K.; Katzka, D.A.; Goldblum, J.R.; Thota, P.N.; Falk, G.W.; Chak, A.; Iyer, P.G.
Wide-area transepithelial sampling for dysplasia detection in Barrett’s esophagus: A systematic review and meta-analysis.
Gastrointest. Endosc. 2022, 95, 51–59.e7. [CrossRef]

39. Vennalaganti, P.R.; Naag Kanakadandi, V.; Gross, S.A.; Parasa, S.; Wang, K.K.; Gupta, N.; Sharma, P. Inter-Observer Agreement
among Pathologists Using Wide-Area Transepithelial Sampling With Computer-Assisted Analysis in Patients With Barrett’s
Esophagus. Am. J. Gastroenterol. 2015, 110, 1257–1260. [CrossRef] [PubMed]

40. Kadri, P.S.R.; Lao-Sirieix, I.; O’Donovan, M.; Debiram, I.; Das, M.; Blazeby, J.M.; Emery, J.; Boussioutas, A.; Morris, H.; Walter,
F.M.; et al. Acceptability and accuracy of a non-endoscopic screening test for Barrett’s oesophagus in primary care: Cohort study.
BMJ 2010, 341, 595. [CrossRef] [PubMed]

https://doi.org/10.1007/s00464-014-3881-3
https://doi.org/10.1055/s-0030-1255858
https://doi.org/10.1007/s00464-016-5071-y
https://www.ncbi.nlm.nih.gov/pubmed/27357927
https://doi.org/10.3748/wjg.v24.i41.4698
https://doi.org/10.1093/jnci/djr203
https://doi.org/10.1136/bmjgast-2022-001091
https://doi.org/10.1016/j.gie.2008.06.056
https://www.ncbi.nlm.nih.gov/pubmed/19215918
https://doi.org/10.3748/wjg.v22.i25.5753
https://www.ncbi.nlm.nih.gov/pubmed/27433088
https://doi.org/10.1016/j.gie.2016.01.007
https://doi.org/10.1016/j.gie.2015.07.023
https://doi.org/10.1053/j.gastro.2021.09.067
https://doi.org/10.1016/j.cgh.2022.06.003
https://doi.org/10.1053/j.gastro.2015.11.037
https://doi.org/10.1016/j.gie.2013.09.020
https://doi.org/10.1177/2634516121991605
https://doi.org/10.1093/dote/doz065
https://doi.org/10.5858/2005-129-177-DOPRFB
https://doi.org/10.1016/j.gie.2021.09.015
https://doi.org/10.1038/ajg.2015.116
https://www.ncbi.nlm.nih.gov/pubmed/25916227
https://doi.org/10.1136/bmj.c4372
https://www.ncbi.nlm.nih.gov/pubmed/20833740


Diagnostics 2024, 14, 301 15 of 16

41. Ross-Innes, C.S.; Debiram-Beecham, I.; O’Donovan, M.; Walker, E.; Varghese, S.; Lao-Sirieix, P.; Lovat, L.; Griffin, M.; Ragunath,
K.; Haidry, R.; et al. Evaluation of a Minimally Invasive Cell Sampling Device Coupled with Assessment of Trefoil Factor 3
Expression for Diagnosing Barrett’s Esophagus: A Multi-Center Case–Control Study. PLoS Med. 2015, 12, e1001780. [CrossRef]
[PubMed]

42. Fitzgerald, R.C.; di Pietro, M.; O’Donovan, M.; Maroni, R.; Muldrew, B.; Debiram-Beecham, I.; Gehrung, M.; Offman, J.; Tripathi,
M.; Smith, S.G.; et al. Cytosponge-trefoil factor 3 versus usual care to identify Barrett’s oesophagus in a primary care setting: A
multicentre, pragmatic, randomised controlled trial. Lancet 2020, 396, 333–344. [CrossRef] [PubMed]

43. Pilonis, N.D.; Killcoyne, S.; Tan, W.K.; O’Donovan, M.; Malhotra, S.; Tripathi, M.; Miremadi, A.; Debiram-Beecham, I.; Evans,
T.; Phillips, R.; et al. Use of a Cytosponge biomarker panel to prioritise endoscopic Barrett’s oesophagus surveillance: A
cross-sectional study followed by a real-world prospective pilot. Lancet. Oncol. 2022, 23, 270–278. [CrossRef] [PubMed]

44. Landy, R.; Killcoyne, S.; Tang, C.; Juniat, S.; O’Donovan, M.; Goel, N.; Gehrung, M.; Fitzgerald, R.C. Real-world implementation
of non-endoscopic triage testing for Barrett’s oesophagus during COVID-19. QJM 2023, 116, 659–666. [CrossRef] [PubMed]

45. Petit, T.; Georges, C.; Jung, G.M.; Borel, C.; Bronner, G.; Flesch, H.; Massard, G.; Velten, M.; Haegele, P.; Schraub, S. Systematic
esophageal endoscopy screening in patients previously treated for head and neck squamous-cell carcinoma. Ann. Oncol. Off. J.
Eur. Soc. Med. Oncol. 2001, 12, 643–646. [CrossRef] [PubMed]

46. Dubuc, J.; Legoux, J.-L.; Winnock, M.; Seyrig, J.-A.; Barbier, J.-P.; Barrioz, T.; Laugier, R.; Boulay, G.; Grasset, D.; Sautereau, D.;
et al. Endoscopic screening for esophageal squamous-cell carcinoma in high-risk patients: A prospective study conducted in 62
French endoscopy centers. Endoscopy 2006, 38, 690–695. [CrossRef] [PubMed]

47. Kandiah, K.; Chedgy, F.J.Q.; Subramaniam, S.; Thayalasekaran, S.; Kurup, A.; Bhandari, P. Early squamous neoplasia of the
esophagus: The endoscopic approach to diagnosis and management. Saudi J. Gastroenterol. 2017, 23, 75–81. [CrossRef] [PubMed]

48. Fagundes, R.B.; de Barros, S.G.; Pütten, A.C.; Mello, E.S.; Wagner, M.; Bassi, L.A.; Bombassaro, M.A.; Gobbi, D.; Souto, E.B.
Occult dysplasia is disclosed by Lugol chromoendoscopy in alcoholics at high risk for squamous cell carcinoma of the esophagus.
Endoscopy 1999, 31, 281–285. [CrossRef]

49. Hori, K.; Okada, H.; Kawahara, Y.; Takenaka, R.; Shimizu, S.; Ohno, Y.; Onoda, T.; Sirakawa, Y.; Naomoto, Y.; Yamamoto, K.
Lugol-voiding lesions are an important risk factor for a second primary squamous cell carcinoma in patients with esosphageal
cancer or head and neck cancer. Am. J. Gastroenterol. 2011, 106, 858–866. [CrossRef]

50. Morita, F.H.A.; Bernardo, W.M.; Ide, E.; Rocha, R.S.P.; Aquino, J.C.M.; Minata, M.K.; Yamazaki, K.; Marques, S.B.; Sakai, P.; de
Moura, E.G.H. Narrow band imaging versus lugol chromoendoscopy to diagnose squamous cell carcinoma of the esophagus: A
systematic review and meta-analysis. BMC Cancer 2017, 17, 54. [CrossRef]

51. Yoshida, T.; Inoue, H.; Usui, S.; Satodate, H.; Fukami, N.; Kudo, S. Narrow-band imaging system with magnifying endoscopy for
superficial esophageal lesions. Gastrointest. Endosc. 2004, 59, 288–295. [CrossRef] [PubMed]

52. Sato, H.; Inoue, H.; Ikeda, H.; Sato, C.; Onimaru, M.; Hayee, B.; Phlanusi, C.; Santi, E.G.R.; Kobayashi, Y.; Kudo, S. Utility of
intrapapillary capillary loops seen on magnifying narrow-band imaging in estimating invasive depth of esophageal squamous
cell carcinoma. Endoscopy 2015, 47, 122–128. [CrossRef]

53. Li, Y.X.; Shen, L.; Yu, H.G.; Luo, H.S.; Yu, J.P. Fujinon intelligent color enhancement for the diagnosis of early esophageal
squamous cell carcinoma and precancerous lesion. Turkish J. Gastroenterol. Off. J. Turkish Soc. Gastroenterol. 2014, 25, 365–369.
[CrossRef] [PubMed]

54. Ebigbo, A.; Mendel, R.; Rückert, T.; Schuster, L.; Probst, A.; Manzeneder, J.; Prinz, F.; Mende, M.; Steinbrück, I.; Faiss, S.; et al.
Endoscopic prediction of submucosal invasion in Barrett’s cancer with the use of artificial intelligence: A pilot study. Endoscopy
2021, 53, 878–883. [CrossRef]

55. Correa, P. Perspectives in Cancer Research A Human Model of Gastric Carcinogenesis. Nutrition 1988, 48, 3554–3560.
56. Banks, M.; Graham, D.; Jansen, M.; Gotoda, T.; Coda, S.; di Pietro, M.; 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]

57. Waddingham, W.; Nieuwenburg, S.A.; Carlson, S.; Rodriguez-Justo, M.; Spaander, M.; Kuipers, E.J.; Jansen, M.; Graham, D.G.;
Banks, M. Recent advances in the detection and management of early gastric cancer and its precursors. Frontline Gastroenterol.
2020, 12, 322–331. [CrossRef] [PubMed]

58. Pimentel-Nunes, P.; Libânio, D.; Lage, J.; 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]

59. 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] [PubMed]

60. Wang, L.; Huang, W.; Du, J.; Chen, Y.; Yang, J. Diagnostic yield of the light blue crest sign in gastric intestinal metaplasia: A
meta-analysis. PLoS ONE 2014, 9, e92874. [CrossRef]

61. Esposito, G.; Pimentel-Nunes, P.; Angeletti, S.; Castro, R.; Libânio, D.; Galli, G.; Lahner, E.; Di Giulio, E.; Annibale, B.; Dinis-
Ribeiro, M. Endoscopic grading of gastric intestinal metaplasia (EGGIM): A multicenter validation study. Endoscopy 2019, 51,
515–521. [CrossRef]

https://doi.org/10.1371/journal.pmed.1001780
https://www.ncbi.nlm.nih.gov/pubmed/25634542
https://doi.org/10.1016/S0140-6736(20)31099-0
https://www.ncbi.nlm.nih.gov/pubmed/32738955
https://doi.org/10.1016/S1470-2045(21)00667-7
https://www.ncbi.nlm.nih.gov/pubmed/35030332
https://doi.org/10.1093/qjmed/hcad093
https://www.ncbi.nlm.nih.gov/pubmed/37220898
https://doi.org/10.1023/A:1011191720336
https://www.ncbi.nlm.nih.gov/pubmed/11432622
https://doi.org/10.1055/s-2006-925255
https://www.ncbi.nlm.nih.gov/pubmed/16874909
https://doi.org/10.4103/1319-3767.203366
https://www.ncbi.nlm.nih.gov/pubmed/28361837
https://doi.org/10.1055/s-1999-122
https://doi.org/10.1038/ajg.2010.489
https://doi.org/10.1186/s12885-016-3011-9
https://doi.org/10.1016/S0016-5107(03)02532-X
https://www.ncbi.nlm.nih.gov/pubmed/14745410
https://doi.org/10.1055/s-0034-1390858
https://doi.org/10.5152/tjg.2014.6190
https://www.ncbi.nlm.nih.gov/pubmed/25254516
https://doi.org/10.1055/a-1311-8570
https://doi.org/10.1136/gutjnl-2018-318126
https://doi.org/10.1136/flgastro-2018-101089
https://www.ncbi.nlm.nih.gov/pubmed/34249318
https://doi.org/10.1055/s-0042-108435
https://doi.org/10.1186/1471-230X-12-169
https://www.ncbi.nlm.nih.gov/pubmed/23185997
https://doi.org/10.1371/journal.pone.0092874
https://doi.org/10.1055/a-0808-3186


Diagnostics 2024, 14, 301 16 of 16

62. Ezoe, Y.; Muto, M.; Uedo, N.; Doyama, H.; Yao, K.; Oda, I.; Kaneko, K.; Kawahara, Y.; Yokoi, C.; Sugiura, Y.; et al. Magnifying nar-
rowband imaging is more accurate than conventional white-light imaging in diagnosis of gastric mucosal cancer. Gastroenterology
2011, 141, 2017–2025.e3. [CrossRef]

63. Yao, K.; Anagnostopoulos, G.K.; Ragunath, K. Magnifying endoscopy for diagnosing and delineating early gastric cancer.
Endoscopy 2009, 41, 462–467. [CrossRef] [PubMed]

64. Nakayoshi, T.; Tajiri, H.; Matsuda, K.; Kaise, M.; Ikegami, M.; Sasaki, H. Magnifying endoscopy combined with narrow band
imaging system for early gastric cancer: Correlation of vascular pattern with histopathology (including video). Endoscopy 2004,
36, 1080–1084. [CrossRef] [PubMed]

65. Fujiyoshi, M.R.A.; Inoue, H.; Fujiyoshi, Y.; Nishikawa, Y.; Toshimori, A.; Shimamura, Y.; Tanabe, M.; Ikeda, H.; Onimaru, M.
Endoscopic Classifications of Early Gastric Cancer: A Literature Review. Cancers 2021, 14, 100. [CrossRef] [PubMed]

66. de Vries, A.C.; van Grieken, N.C.T.; Looman, C.W.N.; 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] [PubMed]

67. Kono, S.; Gotoda, T.; Yoshida, S.; Oda, I.; Kondo, H.; Gatta, L.; Naylor, G.; Dixon, M.; Moriyasu, F.; Axon, A. Can endoscopic
atrophy predict histological atrophy? Historical study in United Kingdom and Japan. World J. Gastroenterol. 2015, 21, 13113–13123.
[CrossRef] [PubMed]

68. 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]

69. Pimentel-Nunes, P.; Libânio, 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 Port. Endoscopy 2019, 51, 365–388. [CrossRef]

70. Messmann, H.; Bisschops, R.; Antonelli, G.; Libanio, D.; Sinonquel, P.; Abdelrahim, M.; Ahmad, O.F.; Areia, M.; Bergman,
J.J.G.H.M.; Bhandari, P.; et al. Expected value of artificial intelligence in gastrointestinal endoscopy: European Society of
Gastrointestinal Endoscopy (ESGE) Position Statement. Endoscopy 2022, 54, 1211–1231. [CrossRef]

71. de Groof, A.J.; Struyvenberg, M.R.; Fockens, K.N.; van der Putten, J.; van der Sommen, F.; Boers, T.G.; Zinger, S.; Bisschops,
R.; de With, P.H.; Pouw, R.E.; et al. Deep learning algorithm detection of Barrett’s neoplasia with high accuracy during live
endoscopic procedures: A pilot study (with video). Gastrointest. Endosc. 2020, 91, 1242–1250. [CrossRef]

72. Ebigbo, A.; Mendel, R.; Probst, A.; Manzeneder, J.; Prinz, F.; de Souza, L.A.J.; Papa, J.; Palm, C.; Messmann, H. Real-time use of
artificial intelligence in the evaluation of cancer in Barrett’s oesophagus. Gut 2020, 69, 615–616. [CrossRef] [PubMed]

73. Hashimoto, R.; Requa, J.; Dao, T.; Ninh, A.; Tran, E.; Mai, D.; Lugo, M.; El-Hage Chehade, N.; Chang, K.J.; Karnes, W.E.; et al.
Artificial intelligence using convolutional neural networks for real-time detection of early esophageal neoplasia in Barrett’s
esophagus (with video). Gastrointest. Endosc. 2020, 91, 1264–1271.e1. [CrossRef]

74. Everson, M.A.; Garcia-Peraza-Herrera, L.; Wang, H.-P.; Lee, C.-T.; Chung, C.-S.; Hsieh, P.-H.; Chen, C.-C.; Tseng, C.-H.; Hsu,
M.-H.; Vercauteren, T.; et al. A clinically interpretable convolutional neural network for the real-time prediction of early squamous
cell cancer of the esophagus: Comparing diagnostic performance with a panel of expert European and Asian endoscopists.
Gastrointest. Endosc. 2021, 94, 273–281. [CrossRef] [PubMed]

75. Yuan, X.-L.; Liu, W.; Liu, Y.; Zeng, X.-H.; Mou, Y.; Wu, C.-C.; Ye, L.-S.; Zhang, Y.-H.; He, L.; Feng, J.; et al. Artificial intelligence for
diagnosing microvessels of precancerous lesions and superficial esophageal squamous cell carcinomas: A multicenter study. Surg.
Endosc. 2022, 36, 8651–8662. [CrossRef] [PubMed]

76. Wu, L.; He, X.; Liu, M.; Xie, H.; An, P.; Zhang, J.; Zhang, H.; Ai, Y.; Tong, Q.; Guo, M.; et al. Evaluation of the effects of an
artificial intelligence system on endoscopy quality and preliminary testing of its performance in detecting early gastric cancer: A
randomized controlled trial. Endoscopy 2021, 53, 1199–1207. [CrossRef]

77. Wu, L.; Shang, R.; Sharma, P.; Zhou, W.; Liu, J.; Yao, L.; Dong, Z.; Yuan, J.; Zeng, Z.; Yu, Y.; et al. Effect of a deep learning-based
system on the miss rate of gastric neoplasms during upper gastrointestinal endoscopy: A single-centre, tandem, randomised
controlled trial. Lancet Gastroenterol. Hepatol. 2021, 6, 700–708. [CrossRef]

78. Jiang, K.; Jiang, X.; Pan, J.; Wen, Y.; Huang, Y.; Weng, S.; Lan, S.; Nie, K.; Zheng, Z.; Ji, S.; et al. Current Evidence and Future
Perspective of Accuracy of Artificial Intelligence Application for Early Gastric Cancer Diagnosis with Endoscopy: A Systematic
and Meta-Analysis. Front. Med. 2021, 8, 629080. [CrossRef]

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://doi.org/10.1053/j.gastro.2011.08.007
https://doi.org/10.1055/s-0029-1214594
https://www.ncbi.nlm.nih.gov/pubmed/19418401
https://doi.org/10.1055/s-2004-825961
https://www.ncbi.nlm.nih.gov/pubmed/15578298
https://doi.org/10.3390/cancers14010100
https://www.ncbi.nlm.nih.gov/pubmed/35008263
https://doi.org/10.1053/j.gastro.2008.01.071
https://www.ncbi.nlm.nih.gov/pubmed/18395075
https://doi.org/10.3748/wjg.v21.i46.13113
https://www.ncbi.nlm.nih.gov/pubmed/26673849
https://doi.org/10.1016/j.gie.2016.03.791
https://doi.org/10.1055/a-0859-1883
https://doi.org/10.1055/a-1950-5694
https://doi.org/10.1016/j.gie.2019.12.048
https://doi.org/10.1136/gutjnl-2019-319460
https://www.ncbi.nlm.nih.gov/pubmed/31541004
https://doi.org/10.1016/j.gie.2019.12.049
https://doi.org/10.1016/j.gie.2021.01.043
https://www.ncbi.nlm.nih.gov/pubmed/33549586
https://doi.org/10.1007/s00464-022-09353-0
https://www.ncbi.nlm.nih.gov/pubmed/35705757
https://doi.org/10.1055/a-1350-5583
https://doi.org/10.1016/S2468-1253(21)00216-8
https://doi.org/10.3389/fmed.2021.629080

	Introduction 
	High-Quality Upper GI Endoscopy 
	Multi-Disciplinary Approach 
	Barrett’s Oesophagus 
	Definition 
	Barrett’s Oesophagus: Diagnosis—Endoscopy 
	Barrett’s Oesophagus: Surveillance and Cancer Risk 
	Endoscopic Detection of Barrett’s Dysplasia: Chromoendoscopy 
	Endoscopic Detection of Barrett’s Dysplasia: Advanced Imaging 
	Endoscopic Detection of Barrett’s Dysplasia: Confocal Laser Endomicroscopy (CLE) and Volumetric Laser Endomicroscopy (VLE) 

	Alternative Sampling Technologies 
	Wide-Area Transepithelial Sampling (WATS) 
	Cytosponge 

	Oesophageal Squamous Neoplasia 
	Introduction and Diagnosis 
	Endoscopic Diagnosis of SCC 
	Endoscopic Detection: Chromoendoscopy & Advanced Imaging 

	Gastric Atrophy and Intestinal Metaplasia 
	Definition 
	Endoscopic Diagnosis of CAG and Gastric IM 
	Gastric Intestinal Metaplasia: Advanced Imaging 
	Gastric Neoplasia Detection: Advanced Imaging 
	Gastric Surveillance 

	Novel Technologies/AI 
	Oesophageal Neoplasia 
	Gastric Neoplasia 

	Conclusions 
	References

