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Simple Summary: Gastric cancer has a poor prognosis when diagnosed in advanced stages, but
curative treatment is possible if an early diagnosis is made. Endoscopy represents an essential tool
for the detection of early neoplastic and pre-neoplastic gastric lesions and for surveillance. Many
endoscopy imaging technologies have been developed to increase diagnostic accuracy. In this review,
we summarize these endoscopy technologies.

Abstract: Gastric cancer is an aggressive disease with low long-term survival rates. An early diagnosis
is essential to offer a better prognosis and curative treatment. Upper gastrointestinal endoscopy
is the main tool for the screening and diagnosis of patients with gastric pre-neoplastic conditions
and early lesions. Image-enhanced techniques such as conventional chromoendoscopy, virtual
chromoendoscopy, magnifying imaging, and artificial intelligence improve the diagnosis and the
characterization of early neoplastic lesions. In this review, we provide a summary of the currently
available recommendations for the screening, surveillance, and diagnosis of gastric cancer, focusing
on novel endoscopy imaging technologies.

Keywords: gastric cancer; endoscopy; artificial intelligence; early detection of cancer; early diagnosis

1. Introduction

Gastric cancer (GC) is the fourth most common cause of cancer deaths worldwide,
with 768,793 cases and an estimated incidence of 10,839,103 new cases yearly, according to
The International Agency for Research on Cancer. Eastern Asia has the highest incidence,
accounting for 60% of the cases [1]. According to gender, both the incidence and death rate
in males were more than twice that in females. Most GC cases occur in patients older than
45 years of age, with a higher incidence at 65 to 70 years.

Although advanced GC is associated with a poor prognosis and high mortality, early
detection and treatment have a good prognosis, with 5-year survival rates higher than
95% [2]. Unfortunately, more than 70% of GCs in Western countries are diagnosed in
advanced stages [3].

Histologically, GC is classified as diffuse (composed of non-cohesive cells) or intestinal
types (gland-forming), with different epidemiological patterns [4]. Helicobacter pylori (H. py-
lori) is considered a risk factor for non-cardia GC, with nearly 89% of cancers associated
with this pathogen infection [5], mainly intestinal-type cancer. According to Pelayo Correa’s
model of carcinogenesis, a cascade of events beginning with active chronic inflammation
may progress to multifocal atrophic gastritis (AG), intestinal metaplasia (IM), dysplasia,
and carcinoma [6]. The eradication of H. pylori infection has been associated with a signifi-
cant reduction in the incidence and mortality of GC, especially among patients younger
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than 50 years of age [7]. In a meta-analysis, a pooled incidence rate ratio of 0.53 (95% CI:
0.44—0.64) was observed comparing individuals who received H. pylori eradication with
individuals who did not receive eradication therapy [8].

Esophagogastroduodenoscopy (EGD) is the gold-standard exam for the diagnosis of
neoplastic and pre-neoplastic gastric conditions, such as AG and IM. However, in a meta-
analysis of 22 studies, the authors demonstrated that nearly 10% of GCs were potentially
missed during white-light endoscopy (WLE), mainly adenocarcinomas located at the gastric
body. Predictive factors for diagnostic failure were a younger age (<55 years), female,
advanced atrophy, adenoma, ulcer lesions, and an insufficient number of biopsies [9].

Image-Enhanced Endoscopy (IEE) has been used to overcome the diagnostic limita-
tions of standard endoscopy. IEE refers to various methods, such as dye chromoscopy,
high-resolution imaging, virtual chromoscopy, and artificial intelligence. IEE provides a
better assessment of the mucosal surface, increasing the detection of subtle changes and
improving the diagnosis of pre-neoplastic lesions [10-12]. In this article, we will discuss the
technical measures and imaging technologies that can be adopted to increase endoscopy
diagnostic yield.

2. Indications for Endoscopic Screening of Gastric Cancer

In Eastern countries, radiographic screening programs for GC diagnosis were imple-
mented in the 1960s, reducing its mortality [13]. Nowadays, screening methods include
radiography and EGD. A cohort study comparing the two methods showed that subjects
screened by EGD had a 67% reduction in GC mortality compared with subjects screened
by radiography (RR 0.327; 95% CI, 0.118-0.908) [14]. In South Korea, GC screening by
EGD every 2 years was shown to be associated with a significant (>80%) reduction in
GC mortality, while for those undergoing radiographic examinations every 2 years, the
reduction in mortality was only 20% [7]. In a metanalysis, EGD screening detection of GC
(0.55%, 95% CI 0.39-0.75%) and early-GC (EGC) (0.48%, 95% CI 0.34-0.65%) was superior to
radiography screening (GC 0.19%, 95% CI 0.10-0.31%; EGC 0.08%, 95% CI 0.04-0.13%) [15].

In Western countries, where the incidence of GC is lower than in Eastern countries,
screening focuses on high-risk patients with AG or IM. The management of epithelial
precancerous conditions and lesions in the stomach (MAPS) guideline recommends the
use of a staging system in patients with AG and/or IM, such as the Operative Link on
Gastritis Assessment (OLGA) or the Operative Link on Gastritis Assessment based on
Intestinal Metaplasia (OLGIM) systems [16,17]. Patients with extensive atrophy and/or IM,
i.e., affecting both antral and corpus mucosa, should be identified and sampled as they are
considered to be at higher risk for GC [17]. These patients should be followed-up with a
high-quality EGD every 3 years. In patients with a family history of GC, close follow-up is
suggested (e.g., every 1-2 years after diagnosis). The association of high-risk OLGA stages
(III/IV) with GC was demonstrated in a meta-analysis including 6 case—control studies
and 2 cohort studies (2.64 and 27.7 times higher chance of GC than lower OLGA stages,
respectively). Among patients with OLGIM III/1V, the risk of GC was 3.99 times higher
(95% CI 3.05-5.21) [18].

The American Gastroenterological Association (AGA) suggested EGD surveillance
every 3-5 years in patients at high risk for GC, including those with advanced AG, extensive
and incomplete IM, a family history of GC, and new immigrants from areas of high
risk, such as East Asia or South America. The AGA also recommended testing and the
eradication of H. pylori infection among individuals with IM [19,20]. Similarly to the AGA,
the American Society of Gastrointestinal Endoscopy (ASGE) recommended surveillance
for high-risk individuals with IM, as well as testing and treating H. pylori infection [21].

The British Society of Gastroenterology emphasized the importance of IEE for the
diagnosis of pre-neoplastic lesions. The society advised a baseline endoscopy among
individuals with laboratory evidence of pernicious anemia, such as vitamin B12 deficiency,
and positive gastric parietal cell or intrinsic factor antibodies [22].
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3. White-Light Endoscopy (WLE)

EGD has the possibility of identifying pre-neoplastic mucosal changes, detecting
early-stage GC, and reducing cancer-related mortality by diagnosing and treating gastric
mucosal alterations and/or EGC. Under WLE, EGC should be suspected in the presence of
mucosal surface irregularity and/or mucosal coloration changes. Spontaneous bleeding,
pallor coloration, and alterations in the mucosa surface and in light reflection should raise
a concern about neoplastic lesions, as shown in Figure 1.

EhA3 Omel

Figure 1. Endoscopic appearance of early gastric cancer (A) white-light endoscopy (WLE) showing
spontaneous bleeding, (B) WLE showing irregular surface, showing a slightly elevated lesion with a
central depression, (C) pallor color change in the posterior wall of the stomach enhanced by FICE
(Flexible spectral imaging color enhancement), (D) change in light reflection (arrow) under WLE.

Early gastric cancer is defined as a lesion confined to the mucosa and submucosa (T1),
regardless of lymph node involvement. These lesions usually manifest as superficial lesions
(type 0), which can be subclassified into polypoid (Type 0-I), flat (Type 0-II), and excavated
(Type 0-III). Flat lesions are categorized as slightly elevated (0-ITa), completely flat (0-IIb),
or slightly depressed (0-Ilc). Superficial tumors with two or more components should have
all the components described (e.g., 0-Ila + IIc) [23] (Figure 2).

A high-quality level of endoscopic examination is imperative to make a proper diag-
nosis of early neoplastic lesions. The use of pre-endoscopy medications (mucolytic and
defoaming agents), high-definition endoscopes, adequate inspection time, obtaining index
images, and the application of the MAPS biopsy protocol when AG and chronic inflamma-
tion are suspected have been recommended by the European Society of Gastrointestinal
Endoscopy (ESGE) guidelines [24,25].

3.1. Mucolytic and Defoaming Agents

To achieve a proper mucosal evaluation during EGD, the cleansing of mucus, bubbles,
and foam is important. The most common mucolytic agents used worldwide are Pronase®
and n-acetylcysteine, and both are used to eliminate gastric mucus using non-osmotic
solutions. Simethicone (activated dimethicone) is a commonly used defoaming agent that
decreases the surface tension of gas bubbles without significant adverse interactions. It can
improve the mucosal observation when used 20 min before the procedure [26].
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Figure 2. Paris classification of gastric superficial lesions—O0-I: polypoid lesion; 0-Ila: flat and
slightly elevated lesion; O-1Ib: completely flat lesion; O-llc: flat and slightly depressed lesion; 0-I11:
excavated lesion.

3.2. Antispasmodic Agents

Antispasmodic agents, such as cimetropium bromide, scopolamine, and hyoscine N-
butyl bromide, can reduce peristalsis and may be used during EGD [27]. However, there is
no scientific evidence supporting the benefits of antispasmodic agents in the detection rate
of upper gastrointestinal (GI) neoplasia. In addition, patients may have adverse reactions
to these drugs, such as arrhythmia, benign prostate hypertrophy, and glaucoma. Thus, its
use should be selective and at the discretion of the endoscopist.

3.3. Inspection Time

Limited consensus exists about the optimum inspection time for EGD compared to
the colonoscopy quality protocol recommendation (withdrawal time of 6 min or more). In
a retrospective Korean study [28], endoscopists who dedicated at least 3 min to evaluate
the gastric mucosa detected more gastric adenomas or cancers than faster endoscopists
(0.28% versus 0.20%, respectively; p < 0.01). A Japanese study showed that faster endo-
scopists, with a mean inspection time below 5 min, may overlook neoplastic lesions in the
upper gastrointestinal tract. In this study, endoscopists were classified into fast (<5 min
examination), moderate (between 5-7 min), and slow (>7 min) groups. The odds ratio of
diagnosing neoplastic lesions was 1.90 for the moderate group and 1.89 for the slow group
compared to the fast group (p = 0.03 and p = 0.06, respectively) [29].

3.4. High-Resolution Endoscopes

The resolution of an image depends on the pixel density, which is directly associated
with the capacity to distinguish two adjacent points. Higher pixel density endoscopes
provide higher imaging resolution. Standard endoscopes produce a signal image with
a resolution of 100,000 to 400,000 pixels. High-resolution or high-definition endoscopes
generate images with up to 1,000,000 pixels [30]. The development of high-resolution
endoscopes enabled to distinguish subtle mucosal surface details compared to standard
endoscopes, allowing more accurate suspicious diagnoses and targeted biopsies [31].

3.5. Obtain Index Images

The requirements of minimum photo documentation vary from each endoscopy so-
ciety recommendation. While USA guidelines do not specify the minimum number of
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EGD images to report, the ESGE suggested at least ten images indicating the anatomical
index [32]. In Japan, a systematic screening protocol for the stomach included 22 images,
with the rationale to study the full gastric mucosa and avoid blind spots [33]. The World En-
doscopy Organization proposed a total of 28 image areas, including the hypopharynx [34].
Adherence to a standardized photo protocol may increase the EGD neoplastic detection rate
because the endoscopist must examine the entire stomach, including potential blind spots.

3.6. Target Biopsies of Suspicious Lesions

Target biopsies improve the diagnosis of GC. The ESGE recommends at least six
biopsies of suspected advanced GC [35]. For EGC, only one to two targeted biopsies are
recommended to avoid scars or submucosal fibrosis, as it is best staged and treated by
endoscopic resection [36].

Moreover, some conditions, including chronic AG or IM, carry a higher risk for GC.
The updated Sydney system recommended at least five biopsies: two from the antrum
(greater and lesser curvature, 3 cm from the pylorus), one from the incisura, and two from
the gastric body (from lesser curvature and greater curvature) [37]. The MAPS I and II
guidelines question the necessity of sampling the incisura, as it yielded minimal additional
diagnostic information, with more costs [17]. The inclusion of an incisura biopsy, however,
increased the proportion of patients classified as high-risk stages (OLGA III/IV or OLGIM
III/1V) [38,39]. It is also important to label the biopsies from different sites, and to apply a
validated staging system, such as OLGA or OLGIM.

4. Chromoendoscopy

Chromoendoscopy (CE) is an IEE modality consisting of spraying dyes on the mucosal
surface to improve visualization of the lesions under investigation. The use of CE in
the screening of malignant and premalignant lesions may increase the detection rate
and provide a better understanding of the lesion boundaries and microsurface, which
helps differentiate benign or inflammatory from suspected malignant conditions and to
determine the adequate region for biopsy. CE has a relatively low cost and it can be used in
any endoscopy unit. CE with acetic acid, methylene blue, and indigo carmine are the main
dye spray techniques to improve the diagnosis of GC. CE had higher accuracy compared to
SD-WLE for the diagnosis of EGC (p = 0.005) and premalignant lesions (p = 0.001) [10].

4.1. Acetic Acid

The acetic acid solution is used in a concentration of 1.5 to 3%. After spraying it into
the gastric mucosa, an acetowhite reaction is seen immediately: the structure of the cellular
protein is reversibly altered and the superficial pH is lowered in the mucosa, causing a
white reflection. The intensity of the whitening differs for normal mucosa and IM, as well as
the duration for cancerous and non-cancerous tissue, disappearing earlier in the carcinoma.
This creates a contrast between the regular mucosa versus IM and the pinkish cancer lesion
surrounded by non-neoplastic tissue [40,41], as seen in Figure 3.

4.2. Methylene Blue

Ida et al. first described the methylene blue staining in endoscopy to improve the
diagnosis of EGC. Methylene blue is absorbed by the small bowel and colon mucosa
and is not absorbed by the stratified squamous epithelium of the esophagus or normal
gastric mucosa [42]. The effectiveness of methylene blue, used as a 5% solution, is to
highlight subtle mucosal changes through the staining of IM within the stomach. This
vital staining dye improves the accurate delineation of the anatomical extent of histological
abnormalities in the stomach. This strategy improves the accuracy of mapping IM and
guides target biopsies.
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Figure 3. (a) White-light endoscopy with acetic acid chromoendoscopy showing an elevated lesion
with central depression. The lesion is slightly reddish compared to the surrounding mucosa, suggest-
ing a neoplastic lesion. Biopsy revealed tubular adenocarcinoma; (b) chromoendoscopy with indigo
carmine dye delineating gastric lesion’s edges (Paris 0-Ila + Ilc).

4.3. Indigo Carmine

CE with indigo carmine dye was first described by Tada et al. [43] in 1976. This contrast
staining dye is not absorbed by the mucosa. It is used to enhance crevices and valleys,
defining irregularities in the mucosal architecture more accurately (Figure 4). Indigo
carmine is used in a concentration of 0.2-0.5% and is an important modality to classify and
delimit gastric lesions (e.g., Figure 4).

(@) (b)

Figure 4. (a) High-definition magnifying view of normal fundic mucosa. Note the round pits
surrounded by a white-colored structure (marginal crypt epithelium—yellow arrow). The regular
arrangement of collecting venules is easily seen (blue arrow); (b) normal pyloric gland mucosa shows
a reticular aspect with grooves.

5. Virtual Chromoendoscopy

Virtual or electronic chromoendoscopy are image-processing techniques capable of
enhancing mucosal surface patterns. It is easy to use because it is activated by pressing a
button in the endoscope, being less time-consuming than conventional dyes. Currently,
there are several types of electronic IEE, which can be basically separated into two methods:
post-processed images (ex., FICE and i-SCAN), which electronically select filters and
reconstruct images, and pre-processed images, which use optical filters (ex., NBI, LCI,
and BLI).

The basic principle consists of different tissue wavelengths absorption according to
the depth of penetration. Narrow-band imaging (NBI) developed by Olympus (Olympus
Medical Systems Co., Ltd., Tokyo, Japan) relies on a bandwidth light filter resulting in
an increased contrast of the mucosal microsurface and microvessels. Several studies and
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meta-analyses have demonstrated the efficacy of NBI on the detection, characterization,
differentiation, and margin delineation of GC [12,44—47].

FICE (Flexible spectral imaging color enhancement), developed by Fujifilm (Fujifilm
Co., Kanagawa, Japan), consists of a post-selection of a wide range of spectral combinations,
improving the resolution and enhancement (Figure 1C). Afterward, Fujifilm developed blue
laser imaging (BLI), which uses two different monochromatic lasers to produce a narrow
blue band to intensify changes in the mucosal surface. Similarly to NBI, BLI also showed
high diagnostic accuracy for the detection and characterization of GC [44,48]. The linked
color imaging (LCI), also by Fujifilm, emphasizes the contrast of hemoglobin by expanding
the color redness and, therefore, producing bright images that can improve the visibility
of lesions [49,50]. In a multicenter randomized trial, the percentage of patients with one
or more neoplastic lesions diagnosed with LCI was higher than with WLE (8.0%; 95% CI,
6.2-10.2% vs. 4.8%; 95% CI, 3.4-6.6%), and the proportion of patients with overlooked
neoplasms was lower in the LCI group than in the WLE group (0.67%; 95% CI, 0.2-1.6%
vs. 3.5%; 95% CI, 2.3-5.0%). The I-SCAN method, developed by PENTAX (Tokyo, Japan),
consists of various types of post-processing images to enhance the surface, contrast, and
tone. In a comparison trial, i-SCAN showed similar results compared with dye CE (acetic
acid and indigo carmine) to delineate the margins of gastric lesions [51].

6. Magnifying Endoscopy

Image-enhanced magnifying endoscopy is a tool to better characterize the detected
lesion and to correlate it with pathology, helping the endoscopist to differentiate benign
from malignant or pre-neoplastic conditions. In a meta-analysis study including 1724 pa-
tients and 2153 lesions, the pooled sensitivity, specificity, and area under the curve for the
diagnosis of EGC using WLE were 48%, 67%, and 62%, respectively. The use of magnifying
endoscopy with NBI improved these rates to 83%, 96%, and 96%, respectively [12].

To diagnose subtle mucosal changes, it is necessary to recognize the normal magnifying
features of gastric mucosa. Histologically, there are two different types of gastric glandular
epithelium: fundic and pyloric. Normal fundic mucosa is present in the gastric body and
fundus of patients without pathological changes, such as inflammation or AG secondary
to H. pylori infection. Chromoendoscopy with the magnification of normal fundic mucosa
is characterized by an epithelial surface where the crypt opening is seen as oval or round
surrounded by a white-colored structure (marginal crypt epithelium). Collecting venules
have a regular arrangement (RAC) and a greenish (cyan) color. In normal pyloric mucosa,
the glands open obliquely and not perpendicularly as in the fundic pattern, resulting in a
reticular aspect with grooves. The capillaries form spiral or spring loops (Figure 4):

As stated above, IM is considered a risk factor for the development of intestinal GC.
Even though the definitive diagnosis of IM relies on histopathologic evaluation, magnifying
endoscopy has also been shown to be an important tool for diagnosis, characterization, and
guiding target biopsies. A fine blue-white line on the epithelial surface called the “light
blue crest” was described by Uedo et al. and is a good predictor of IM [52].

Yao et al. first described the vessel plus surface (VS) classification, and later, Muto et al.
reported the magnifying endoscopy simple diagnostic algorithm for early gastric cancer
(MESDA-G) for the differentiation between neoplastic and non-neoplastic lesions [53,54].
The MESDA-G classification relies on the concept that neoplastic changes in gastric mucosa
are followed by a clear demarcation line between the normal and the altered tissue. This
line is defined as an abrupt change in the surface pattern, either in vascular or glandular
structures, as shown in Figure 5.

According to the vs. classification, microvascular and microsurface patterns are
classified into three categories: regular (normal), irregular, and absent. The irregular
vascular pattern shows a variety of different capillaries or shapes irregularly distributed.
When no microvessels are seen, the V pattern is considered absent. This occurs especially
when a white opaque substance (WOS) is present in the superficial mucosal layer and
prevents the visibility of the epithelium vasculature [55]. In such cases, instead of evaluating
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the vascular pattern, the distribution type of the WOS is classified as homogeneous or
heterogeneous to make a differential diagnosis of cancer and adenoma (Figure 6). The
surface pattern (S) is characterized by mucosal glandular structures. When asymmetrically
distributed or in various morphologies, it is classified as irregular. If no glandular structure
is seen, it is classified as absent. In this case, the V pattern is used for differentiation between
neoplastic and non-neoplastic lesions (Figure 7).
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Figure 5. NBI with near-focus magnification
NBI = narrow-band imaging.

(b)

Figure 6. (a) Irregular vascular pattern seen with NBI and near-focus magnification; (b) absent
vascular pattern due to the presence of a white opaque substance inside the demarcation line
(BLI—bright view plus magnification). It has a homogeneous distribution, which leads to classifying
this lesion as non-cancerous (adenoma). NBI = narrow-band imaging; BLI = blue laser imaging.

(b)

Figure 7. (a) Irregular surface pattern and irregular vascular pattern; (b) absent surface pattern with

a clear demarcation line. BLI with magnification view. BLI = blue laser imaging.

The vs. classification showed high accuracy (97%), a positive predictive value (79%),
and a negative predictive value (99%) for the diagnosis of intestinal-type EGC [56]. Never-
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theless, diffuse- or undifferentiated-type carcinoma characterization may be a limitation
for endoscopic diagnosis. This occurs because neoplastic involvement occurs horizontally
in the deeper layers of the mucosa without glandular formation, and during the early
phase there may be no visible endoscopic alterations, and even biopsies may be negative
because the cancer cells are usually deeper and more widespread. This difficulty in de-
tection contributes to a late diagnosis and, consequently, a worse prognosis. In addition,
it is also difficult to determine the depth of invasion and distinguish the lateral limits of
undifferentiated lesions.

Under WLE, the typical presentation of undifferentiated tumors is a flat or depressed
lesion with a pale color. According to Yao, this is due to the reduction in hemoglobin
levels [57]. Magnifying endoscopy is important for the evaluation of undifferentiated GC.
Usually, in this type, there is no glandular formation, and, consequently, the microsurface
pattern is classified as absent. In this scenario, only microvessels can be seen [58] and
typically present as a corkscrew pattern with a loop-opened look (Figure 8).

100px

Figure 8. Corkscrew microvessel pattern present on an undifferentiated-type early gastric cancer.
Magnified view with NBL

7. Artificial Intelligence

Artificial intelligence (AI) has been used to support physicians interpreting medi-
cal images. The related applied terminology is computer-aided detection (CADe) and
computer-aided diagnosis (CADx), when algorithms are developed to detect and differenti-
ate pathologies, respectively [59]. For this purpose, the most used system is deep learning
due to the capacity to be trained with a large number of images and to extract specific
clinical features to further predict or classify new images [60,61].

As already discussed, physicians’ ability to adequately diagnose upper GI lesions
varies greatly, with a missing rate of EGC of 9.4% (95% CI 5.7-13.1%) [9]. In contrast to
colorectal lesions, GC is often subtle (e.g., flat or slightly depressed) and hard to recognize
due to the inflammation environment of chronic gastritis [59].

After the publication of the first deep learning-based Al system, which showed promis-
ing results with a sensitivity of 92.2% for detecting GC [62], other studies have been con-
ducted, and the commercialization of the first software may not take long. A tandem
randomized prospective trial showed a significantly lower miss rate of EGC in the Al-
first group than in the routine-first group (6.1%, 95% CI 1.6-17.9% vs. 27.3%, 95% CI
15.5-43%) [63]. Additionally, it was shown that AI was able to predict the superficial
cancer invasion depth with a specificity of 78-95% [64]. Consequently, it will help a more
homogeneous diagnosis across physicians, improving the decision of referring patients to
endoscopic or surgical resection.
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In a meta-analysis, the overall sensitivity, specificity, and area under the curve of
Al were 89% (95% CI 85-93%), 93% (95% CI 88-97%), and 94% (95% CI 0.91-0.98%),
respectively, being comparable to experts and superior to non-experts [64]. Moreover, it is
worth mentioning that the use of Al will also play an important role to help in the diagnosis
of blind spots and photo documentation with an accuracy of 90.4% [65,66], supporting the
quality control of exams and guidelines compliance [32-34].

Although other robust prospective trials should be conducted to deeply evaluate the
real performance of Al during routine EGD exams, randomized controlled trials evaluating
colon Al have proven that this technology is safe to be adopted and potentially improves
patient outcomes while reducing costs [67-69].

8. Other Methods
8.1. Confocal Laser Endomicroscopy

Confocal laser endomicroscopy (CLE) is an endoscopic imaging tool that provides cross-
sectional real-time in vivo images at the cellular and microvascular levels at a 1000-fold
magnification. Fluorescent contrast is required to obtain the imaging, and the most utilized
contrast agents are intravenous fluorescein and topically applied acriflavine. Two types
of CLE systems have been studied for clinical use: electronic CLE, which integrates a
miniature confocal scanner into the tip of a special flexible endoscope, and probe-based
CLE (pCLE), a flexible microprobe that can pass through the working channel of a standard
endoscope. However, only pCLE is commercially available [70].

CLE allows histopathological diagnoses when utilized by trained endoscopists. There-
fore, targeting the region with higher accuracy for a pathology assessment may have a
relevant impact on treatment management, avoiding further diagnostic procedures for
tissue sampling [71]. The use of pCLE optical diagnosis has been deeply studied for gastric
IM, AG, and intraepithelial neoplasia [72-74], and it was shown that it contributes to distin-
guishing normal and neoplastic mucosa through the analysis of both cellular and vascular
patterns [75]. In one study, pCLE was able to diagnose AG and IM with 98% specificity [72].
In a recent meta-analysis that included seven studies, pCLE had a sensitivity of 87.9% (95%
CI 81.4-92.4%), a specificity of 96.5% (95% CI 91.5-98.6%), and an accuracy of 94.7% (95%
CI 89.5-97.4%) to diagnose GC [73].

Despite these encouraging findings, pCLE is not regarded as a standard approach for
diagnosis, as adoption is likely reduced for cost reasons and the lack of cost-effectiveness
studies. There is also a need to define a framework for how to introduce this tool in the
workflow between endoscopists and pathologists [76].

8.2. Endocytoscopy

Similarly to CLE, endocytoscopy has the capability of capturing ultra-magnified
pathology images when placing the endoscope on the target mucosa during inspection [77].
It provides information about the shape of cells and individual cell nuclei of the mucosa’s
superficial layer. For instance, goblet cells for the evaluation of IM and the presence of struc-
tural or nuclear atypia to diagnose cancerous lesions, with a specificity of 93.3-100% [77,78].

Endocytoscopy leads to the benefits of the endoscopic optical biopsy but also requires
additional training and expertise. Moreover, the need for double staining with crystal violet
and methylene blue for optimal evaluation may limit the clinical application because this
additional step often increases the duration of the exam, and the staining may not be easily
available. However, the use of endocytoscopy with NBI (with no staining) using the vs.
classification has been studied with a reported accuracy higher than magnifying NBI [53].
Additionally, it has been shown that this evaluation can be simplified by assessing the
microvascular pattern alone, which showed similar accuracy compared to the evaluation
of microvascular and microsurface patterns [79]. Recently, Noda et al. [80] studied the
application of Al to support the use of endocytoscopy. Al showed a specificity of 90.9% in
diagnosing EGC, which was comparable with experts and superior to non-experts.

10
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References

In summary, endoscopy plays a major role in the diagnosis of gastric cancer. It is
important for the endoscopist to be aware of patients at risk, to recognize the endoscopic
aspects of early neoplasms, and to understand the advantages and limitations of each
endoscopic technique, as well as how to overcome them. Table 1 summarizes the advan-
tages and limitations of the endoscopic techniques for the detection and characterization of
gastric cancer.

Table 1. Comparison between endoscopic imaging methods for the diagnosis of gastric cancer.

Technique Advantages Limitations

Easy to perform
Readily available
Low cost

Widely available
Useful for delineating
lesions margins

Easy to perform
Valuable tool for evaluation Low accuracy to predict tumor depth
of microvessels

White-light endoscopy Low sensitivity and specificity

Dye-based chromoendoscopy Time-consuming

Virtual chromoendoscopy

Low accuracy to distinguish

High accuracy to distinguish differentiated- from
P benign and malignant lesions  undifferentiated-type
Magmfylng endoscopy More specific than WLE adenocarcinoma
and dyes Limited field of view
Low accuracy to predict tumor depth
High cost
Artificial intelligence Real-time diagnosis Lack of validation from prospective
studies
High cost

Steep learning curve

Confocal laser endomicroscopy Real-time diagnosis Limited field of view
Need for intravenous or topical
contrast
Real-time diagnosis High cost
Endocytoscopy Technology integrated Steep learning curve
(dedicated endoscope) Limited field of view

9. Conclusions

Despite the significant improvement in endoscopic imaging for GC over the years,
the adequate diagnosis and characterization of EGC is still a challenge. Consequently, GC
awareness is crucial and demands a minimum proficiency among physicians, who should
be encouraged to use chromoendoscopy. While novel imaging modalities are increasingly
being studied, especially for optical diagnosis, specific experience, integration to current
workflow, and cost-effectiveness studies should take place for major endorsement.

As modern imaging technology continues to grow, more complexity and time are
added to endoscopic clinical practice. To overcome part of these challenges, Al systems will
potentially play an important role in supporting physicians with more assertive diagnoses.
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Simple Summary: Although its incidence and the mortality with which it is related seem to be
decreasing, gastric cancer remains the fifth most common cause of new cancer cases and the fourth
most lethal cancer worldwide. Late diagnosis occurs in a substantial portion of patients, but the
increased identification of risk factors and precancerous conditions has allowed for the stratification of
risk, leading to tailored patient surveillance and the early recognition of pre-malignant and malignant
lesions. Since the 1990s, innovative endoscopic resection techniques have revolutionized the treatment
of early gastric cancer, which would otherwise be subject to surgical resection.

Abstract: Early gastric cancer comprises gastric malignancies that are confined to the mucosa or
submucosa, irrespective of lymph node metastasis. Endoscopic resection is currently pivotal for the
management of such early lesions, and it is the recommended treatment for tumors presenting a very
low risk of lymph node metastasis. In general, these lesions consist of two groups of differentiated
mucosal adenocarcinomas: non-ulcerated lesions (regardless of their size) and small ulcerated lesions.
Endoscopic submucosal dissection is the technique of choice in most cases. This procedure has
high rates of complete histological resection while maintaining gastric anatomy and its functions,
resulting in fewer adverse events than surgery and having a lesser impact on patient-reported quality
of life. Nonetheless, approximately 20% of resected lesions do not fulfill curative criteria and demand
further treatment, highlighting the importance of patient selection. Additionally, the preservation
of the stomach results in a moderate risk of metachronous lesions, which underlines the need for
surveillance. We review the current evidence regarding the endoscopic treatment of early gastric
cancer, including the short-and long-term results and management after resection.

Keywords: gastric cancer; endoscopy; treatment; endoscopic submucosal dissection

1. Introduction

Gastric cancer (GC) remains an important cause of cancer worldwide, ranking fifth in
new cancer cases and fourth in terms of mortality [1], although incidence and mortality
rates have been decreasing in recent decades [2]. Nonetheless, GC was still responsible
for just over 1 million new cases in 2020 [1], which is predicted to increase to 1.8 million
worldwide by 2040 [3]. A recent study [4] projecting cancer incidence between 2015
and 2050 in the United States of America estimates not only an increase in the absolute
number of new GC cases (explained by an aging population) but also a 7% increase in
age-standardized incidence rates from 7.5 to 8.0 per 100,000. These numbers underline the
importance of healthcare systems” adaptability to an increasing burden of disease, shifting
focus to primary prevention and early detection.

The knowledge of gastric carcinogenesis (namely, the Correa cascade [5]) and the sub-
sequent recognition of gastric premalignant conditions and lesions, the current widespread
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use of esophagogastroduodenoscopy, and the implementation of national screening pro-
grams in high-risk countries such as Japan and South Korea [1,6,7] are expected to result in
an increase in the diagnosis of GC at earlier stages.

Early gastric cancer (EGC) comprises gastric malignancies that are confined to the
mucosa or submucosa, irrespective of the status of lymph node metastasis (LNM) [8]. The
presence of LNM constitutes one of the most relevant prognostic factors among patients
with GC, including EGC, which is associated with significantly lower long-term survival [9].
While the standard curative treatment of GC had once been gastrectomy with lymphadenec-
tomy, the development of advanced endoscopic resection techniques has surpassed surgery
as a first-line curative treatment for selected early lesions presenting a minimal risk of LNM.
However, up to 20% of endoscopic resections do not meet curative criteria and require
further surgical treatment [10-12], highlighting the need to improve clinical staging and
patient selection.

This review aims to provide a comprehensive overview of the endoscopic management
of EGC, the challenges physicians still face in their daily practices, and the technical and
technological advances designed to overcome these difficulties.

2. Superficial Gastric Lesions

Superficial gastric lesions are made up of premalignant neoplastic lesions and ma-
lignant lesions that do not invade beyond the submucosa [13]. The Vienna classification
provides a consensus terminology of epithelial neoplasia of the gastrointestinal tract [14].
In the stomach, low-grade dysplasia, high-grade dysplasia, and carcinoma in situ (group 3
and subgroups 4-1 and 4-2 of the Vienna classification, respectively) are considered pre-
malignant lesions in that they are confined to the epithelial layer and do not invariably
progress to invasive carcinoma. Invasion into the lamina propria or the muscularis mucosae
constitutes intramucosal carcinoma (subgroups 4-3 and 4-4 of the Vienna classification),
which, in the stomach, is considered a malignant lesion, contrary to what is seen in the colon.
Additionally, a carcinoma that invades the submucosa (group 5 of the Vienna classification)
is also considered a superficial gastric lesion.

The Paris classification, a morphological classification developed in 2003 and updated
in 2005, categorizes superficial neoplastic lesions of the gastrointestinal tract into three
groups [13]. Type O-I includes protruding superficial lesions, also known as polypoid
lesions, and is subdivided into pedunculated (0-Ip) and sessile (0-Is) lesions. Type 0-II
encompasses non-protruding non-excavating lesions, otherwise known as flat lesions,
and is made up of slightly elevated (0-IIa), completely flat (0-IIb), and slightly depressed
(0-IIc) lesions. It is common for mixed lesions to occur, containing concomitant depressed
and elevated components, and such lesions are classified as type “0-Ila + IIc” or “O-IIc + ITa”
depending on the predominant component. Finally, type 0-III lesions are excavated (or
ulcerated) and can also be mixed with depressed (0-IIc) lesions. This endoscopic clas-
sification seems to correlate with histological findings and resection outcomes since a
depressed morphology is associated with submucosal invasion and excavated lesions are
associated with piecemeal resection. Although subject to interobserver variability, this
classification’s reliability is acceptable and improves both with training and the use of
virtual chromoendoscopy [15].

3. Indications for Endoscopic Resection: Pre-Procedural Evaluation

The reported rate of LNM in intramucosal adenocarcinomas varies between 0% and 9%
and can reach up to 25% in adenocarcinomas with submucosal invasion [16-19]. In certain
circumstances, this risk is minimal or even null. The studies conducted by Gotoda et al. [16],
Nakahara et al. [17], and Hirasawa et al. [18] evaluated the incidence of LNM in gastrectomy
specimens, analyzing the endoscopic and histological characteristics associated with a very
low risk of LNM in cases of EGC. These studies served as the cornerstone for the definition of
the current criteria for endoscopic resection. More recently, the findings of Hasuike et al. [20]
and Takizawa et al. [21] contributed to the expansion of indications for endoscopic resection.
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The Japanese and European guidelines recommend endoscopic resection as the stan-
dard treatment for gastric lesions harboring dysplasia and for EGC when the presumed risk
of lymph node metastasis is less than 1% [22,23]. The Japanese guidelines define expanded
indication lesions as lesions that are presumed to have a <1% risk of LNM but for which
long-term outcomes were not confirmed by a prospective confirmatory trial with 5-year
survival as the primary endpoint [22]. The European guidelines state that EGC with an
LNM risk presumed to be inferior to 3% can be considered for endoscopic resection as an
expanded criterion, although the decision should consider the patient’s characteristics and
preference after the discussion of risks [23].

The absolute criteria for endoscopic resection, according to the Japanese guidelines,
are gastric lesions clinically staged as (i) dysplastic regardless of size, (ii) differentiated
gastric intramucosal (cT1a) adenocarcinomas of any size if not ulcerated and <30 mm in
size if ulcerated, and (iii) poorly differentiated gastric intramucosal (cT1a) adenocarcinomas
without ulcerative findings and <20 mm in size [22,24]. The European guidelines, on the
other hand, consider the first two groups of lesions as absolute indications for endoscopic
resection and the third one as an expanded indication [23]. In these cases, the decision
to pursue endoscopic treatment should be individualized following the discussion of
the potential risks and benefits of the different treatment options with the patient. The
Japanese guidelines define lesions as expanded indications when a previously resected
lesion meeting the endoscopic curability criterion eCura C-1 (see Section 6) locally recurs
as a clinically staged intramucosal (cT1a) cancer [22,24] (Table 1).

Table 1. Absolute and expanded indications according to European and Japanese guidelines.

Type of Lesion European Guidelines Japanese Guidelines

Dysplasia, any size Absolute indication

Adenocarcinoma

cTla, well-differentiated,

: Absolute indication
non-ulcerated, any size

cT1a, well-differentiated,

ulcerated, <30 mm Absolute indication

cT1a, poorly differentiated,
non-ulcerated, Expanded indication Absolute indication
<20 mm

Recurrence of an eCura-C1 lesion,

staged as cTla Expanded indication

cT1a: adenocarcinoma clinically staged as intramucosal.

Although endoscopic resection is considered to result in high rates of curative resec-
tion, approximately 15-20% of the resected lesions do not meet curative criteria [10-12].
Several authors have sought to establish predictive factors for non-curative resection in
order to improve patient selection. A 2019 systematic review and meta-analysis identified
location in the upper third of the stomach (odds ratio (OR) 1.49, 95%CI 1.24-1.79), depressed
morphology (OR 1.49, 95%CI 1.04-2.12), and lesions whose identified characteristics lie
outside standard criteria (OR 3.56, 95%CI 2.31-5.48) as predictors of this outcome [25].
Additional risk factors identified in individual studies include large tumor size (generally
>20 mm), ulceration, undifferentiated tumors (including the presence of an undifferentiated
component in differentiated-type-predominant mixed-type lesions), and old age [26-31].
Regarding lesion differentiation, a meta-analysis incorporating 5644 patients showed that
undifferentiated-predominant mixed-type lesions show more aggressive biological behav-
ior compared to pure undifferentiated-type lesions, presenting a significantly higher risk of
submucosal invasion (OR 2.19, 95%CI 1.90-2.52) and LNM (OR 2.28, 95%CI 1.72-3.03) even
after stratification for depth of tumor invasion [32].

Furthermore, deep submucosal invasion (>500 um, >Sm2) is an independent risk
factor for LNM and a major criterion of non-curability [16-18,23,33-35]. Thus, accu-
rately estimating the depth of invasion is one of the most important components of
an endoscopic preoperative assessment but also one of the most challenging. A few
authors have attempted to identify macroscopic features suggestive of Sm2 invasion.
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Abe et al. [36] suggested that remarkable redness, an uneven surface, margin elevation,
enlarged folds, a tumor size >30 mm, and ulceration were significantly associated with
deeper submucosal invasion.

Magnifying endoscopy, usually applied in combination with narrow-band imaging, is
an ancillary tool for the diagnosis of EGC. Several authors have evaluated whether certain
vascular and surface patterns could predict the histologic type and depth of invasion of a
tumor; however, there is not yet a gastric classification comparable to the ones of colonic
polyps and esophageal lesions. Nakayoshi et al. [37] and Yokoyama et al. [38] found that
a fine network microvascular pattern was associated with differentiated lesions, while a
corkscrew pattern was associated with undifferentiated histology. What Nakayoshi et al.
considered to be an unclassified pattern was designated as an intra-lobular loop pattern by
Yokoyama et al., which subdivided it into type 1 (predictive of differentiated-type EGC) and
type 2 (found in both differentiated and undifferentiated lesions). Tanaka et al. [39] found
that a microsurface pattern of irregular arrangements and sizes was the predominant type
in differentiated tubular adenocarcinomas (although depressed adenomas also presented
the same pattern), while all signet-ring cell carcinomas and poorly differentiated tubular
adenocarcinomas showed a destructive microsurface pattern. Ok et al. [40] concluded that
the magnification patterns with narrow-band imaging could aid in predicting histopathology;
specifically, a fine network or loop microvascular pattern was associated with differentiated
tumors, while an absent microsurface pattern and corkscrew microvascular pattern were
associated with undifferentiated tumors. Furthermore, a destructive microsurface pattern was
associated with submucosal invasion. Kanesaka et al. [41] found that absent microsurface
and opened-loop microvascular patterns did not improve the overall accuracy of white
light endoscopy for the diagnosis of undifferentiated-type EGC in depressed or flat lesions,
although it improved specificity.

Different modalities for local staging, the foremost of which is endoscopic ultrasonog-
raphy, have not proven to be superior to endoscopic evaluation in assessing depth of
invasion; consequently, European guidelines do not recommend such modalities’ routine
use [23]. Computed tomography and positron emission tomography also have no role
in the pre-resection evaluation of endoscopically resectable EGC since the risk of distant
metastasis is very low.

Therefore, endoscopic resection should only be proposed to a patient should after a
careful evaluation of the gastric lesion by an experienced endoscopist, who should look for
endoscopic features associated with non-curability and account for clinical and pathological
characteristics (Figure 1).

Figure 1. Superficial gastric lesions (upper image—white light; lower image—virtual chromoendoscopy).
(A) A Paris 0-Ila+Iic lesion clinically staged as deep submucosal invasion in pre-resection endoscopic
evaluation (pT1b, undifferentiated, and with lymphovascular invasion on surgical specimen). (B) Lesions
successfully removed using ESD and meeting curative criteria. (B.1) A Paris Iia+lic 40 mm lesion (pT1la,
well-differentiated, and no lymphovascular invasion). (B.2) A Paris lia+lic 15 mm lesion (pTla, well-
differentiated, and no lymphovascular invasion). (C) A Paris 0-lia+Iic 12 mm lesion that was endoscopically
resected and did not meet curative criteria (pT1b, well-differentiated, and with lymphovascular invasion).
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4. Endoscopic Resection

The endoscopic resection of gastric dysplastic lesions and EGC can be carried out by
performing endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD).

EMR was first described in 1993 [42] for the endoscopic treatment of esophageal,
gastric, and colonic lesions. Before resection, the lesion is elevated through the injection
of a solution in the submucosal space to separate it from the muscularis propria. The lesion
is then placed within a metal wire snare and resected using high-frequency diathermy.
This procedure is effective and safe. However, the size of the snare generally prevents the
en bloc resection of larger lesions. Piecemeal and/or incomplete resection limits proper
histopathological evaluation and staging, which are crucial for post-resection management
and associated with local recurrence [43]. ESD was developed in 1995 [44] to overcome the
limitations of EMR, allowing for the en bloc resection of lesions of any size. In this method,
the lesion is circumferentially outlined with coagulation marks and then elevated after
the injection of a solution in the submucosal layer. The endoscopist makes three to four
electrosurgical incisions in the coagulation marks to access the submucosa and completes
a circumferential incision around the lesion. Finally, the submucosa is dissected in the
submucosal plane to achieve an en bloc resection.

Several retrospective and prospective studies and meta-analyses have been carried out
to compare the safety and efficacy outcomes between EMR and ESD (Table 2) [45-48]. ESD
is significantly superior to EMR in achieving en bloc and complete resection for lesions of
any size, resulting in significantly higher rates of curative resection and lower recurrence.
Regarding safety, ESD and EMR present similar levels of post-procedural bleeding, while
ESD is associated with higher perforation rates and operative time. Indeed, ESD continues
to show high rates of en bloc and complete resection (over 95% and 90%, respectively)
and low local recurrence (<5%) and low rates of adverse events, namely, perforation
(<8%) and post-operative bleeding (~=5%) [11,49,50]. The endoscopic resection of gastric
superficial lesions is associated with a good long-term prognosis, with 5-year overall (OS)
and disease-specific survival (DSS) rates of 89.0-95.0% and >99%, respectively [50-52].

Accordingly, ESD is the recommended first option for the endoscopic treatment of gas-
tric superficial lesions deemed resectable [22,23]. The European guidelines state, however,
that EMR should be considered for elevated lesions (Paris 0-lia), under 10 mm in size and
with a low likelihood of advanced histology.

Endoscopic resection, although safer than gastrectomy, can also present adverse events.
Predicting these outcomes can assist in patient selection and help plan periprocedural
measures for the prevention of such outcomes.

Post-procedural bleeding is the most frequent adverse event following ESD, occurring
in 4.4-5.1% of procedures [11,53], and it is linked to prolonged hospital stays, the require-
ment for transfusion, endoscopic reintervention, surgery, and death. A meta-analysis
identified risk factors for PPB, which were either patient-, lesion-, or procedure-related [53].
The risk factors associated with this unfavorable outcome were a male gender, cardiopa-
thy, antithrombotic drug use, cirrhosis, chronic kidney disease, a tumor size > 20 mm, a
resected specimen >30 mm size, localization in the lesser curvature, a flat or depressed
morphology, carcinoma histology, ulceration, a procedure duration of >60 min, and the use
of histamine-2 receptor antagonists as an acid-suppressive therapy instead of proton pump
inhibitors. The latter reduce the rate of delayed bleeding [54,55], and their administration
following ESD is recommended [22]; however, a meta-analysis showed that premedication
with proton-pump inhibitors does not impact bleeding rates, despite significantly increas-
ing gastric pH at the time of ESD [56]. Coagulation of visible vessels in post-ESD ulcers is
also associated with reduced rates of delayed bleeding [57] and is a recommended preven-
tive measure [22]. A network meta-analysis evaluated additional preventive measures and
found that tissue shielding with polyglycolic acid significantly reduced delayed bleeding
risk in high-risk patients [risk ratio (RR) 0.32; 95%CI 0.12-0.79], while hemostatic spray
potentially reduced bleeding in low-risk patients, although heterogeneity was high [58].
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Perforation is an uncommon adverse event of ESD and can be immediate (<3% of
procedures) or delayed (<1%). A meta-analysis identified the following as risk factors for
perforation: liver disease, location in the upper stomach, a resection size > 20 mm, submucosal
invasion, operation time > 2 h, depressed or flat lesions, and piecemeal resection [59]. Another
meta-analysis, this time comparing gastric ESD in elderly and non-elderly patients, found a
trend for significantly increased perforation risk among patients aged >80 years [60].

5. Endoscopic Resection versus Surgery

Resection of the stomach and regional lymph nodes is the standard surgical curative
treatment for GC, entailing the removal of at least two thirds of the stomach and a D2 lymph
node dissection [24]. This ensures high rates of complete resection, almost negligible rates
of local recurrence, a very low risk of metachronous lesions, and high disease-free and
overall survival. On the other hand, surgical resection has its own adverse events; it can
significantly impact the stomach’s storage and digestive functions, thereby limiting nutrient
absorption; and the resulting effects may impair the patient’s health-related quality of life.

Alternatively, ESD is a minimally invasive procedure that preserves the stomach’s
structure and associated functions and presents a low rate of complications and adverse
outcomes. The spared mucosa constitutes, however, a sustained risk for metachronous
tumors, thereby demanding long-term surveillance.

Several meta-analyses have compared the short (Table 3) and long-term (Table 4)
outcomes of ESD versus surgery for the treatment of EGC [61-65]. Endoscopic treatment
is associated with significantly decreased operation times, in-hospital stays, and overall
postoperative complication rates, with one meta-analysis also reporting a lower risk of
procedure-related death (OR 0.21, 95%CI: 0.07-0.68) [64]. On the other hand, the rates
of en bloc resection, complete resection, and curative resection seem to be significantly
lower for ESD compared to surgery (OR 0.07, 95%CI 0.03-0.21; OR 0.07, 95%CI 0.03-0.14;
and OR 0.06, 95%CI 0.01-0.27, respectively) [64], resulting in higher rates of recurrence.
However, Gu et al. [62] found that the proportion of patients that were amenable to
radical treatment after recurrence was higher in the ESD group incorporated in their
study (OR 5.27, 95%CI 2.35-11.79). Synchronous and metachronous cancers have been
found to be significantly more prevalent after ESD. Regarding long-term outcomes, the
differences in 5-year disease-free survival (DFS) are not homogeneous across studies.
Some authors found no statistically significant differences [61,63], while others state a
significantly lower DFS in their respective ESD groups [62,64,65]. This may be due to
differences in defining disease-free survival. Abdelfatah et al. [61] did not incorporate
the detection of metachronous lesions as a disease-defining event, Gu et al. [62] included
metachronous GC occurrence in the definition of DFS, and the remaining authors [63-65]
did not specify which events defined DFS. However, the ESD and surgery groups
consistently showed similar 5-year overall and disease-specific survival (OS > 95% and
DSS > 99% in both groups) throughout the different meta-analyses.

Gastric cancer with an undifferentiated histology presents a significantly higher risk of
lymph node metastasis than differentiated tumors [16,66]. Several comparative studies have
been performed to compare long-term outcomes, namely, survival, in patients undergoing
ESD and surgery for undifferentiated mucosal tumors with a diameter <20 mm and without
ulcerative findings. Two meta-analyses summarizing the evidence collected were recently
conducted [67,68]. The results overlap with those stated above for general cohorts, with
ESD showing a significantly lower 5-year DFS, no statistical difference in DSS, and similar
OS (Table 4).
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A number of studies have reported on the hospital costs associated with either proce-
dure [69-71]. ESD seems to account for significantly lower costs when compared to surgery,
which is mostly due to the nature of the procedure itself and differences in the length of
stay. Shin et al. [70] evaluated costs related to general cases, stating that given the superior
rate of adverse events following surgical resection, the difference in costs may be higher
than estimated. Kim et al. [69] also compared medical costs linked to follow-up at 1-year
post-discharge and did not find significant differences.

Table 4. Summary of systematic reviews with meta-analyses comparing long-term survival between
endoscopic submucosal dissection and gastrectomy patients.

Author, Year

Type of Resection Overall Survival Disease-Specific Survival =~ Disease-Free Survival

ESD 2914/3034 (96%) 2437/2451 (99.4%) 1415/1476 (95.9%)
Abdelfatah MM, 2019 [61] Gastrectomy 3088/3203 (96%) 1962/1977 (99.2%) 1816,/1844 (98.5%)
- OR 0.96 (0.74-1.25) OR 0.7 (0.16-2.9) OR 1.86 (0.57-6.0)
ESD 2238/2324 (96.3%) 5/1425 (99.7%) 1241/1376 (90.2%)
Gu L, 2019 [62] Gastrectomy 2563 /2662 (96.3%) 17/1841 (99.1%) 1261/1298 (97.2%)

- RR 0.90 (0.68-1.19) RR 0.40 (0.15-1.03) RR 3.40 (2.39-4.84)

Li H, 2020 [63]

- HR 0.51 (0.26-1.00) ND ND

Liu Q, 2020 [64] - HR 0.92 (0.71-1.19) HR 0.73 (0.36-1.49) HR 4.58 (2.79-7.52)
Huh CW, 2021 2 [67] - OR 2.29 (0.98-5.36) ND ND
Xu X, 2022 P [65] - HR 1.22 (0.66-2.25) ND HR 3.29 (1.60-6.76)

Yang HJ, 2022 2 [68]

ESD 383/400 (95.8%)
Gastrectomy 492/508 (96.9%) 506,508 (99.6%) 491/508 (96.7%)
- RR 1.18 (0.60-2.32) RR 2.49 (0.47-37.93) RR 2.49 (1.42-4.35)

396,/400 (99.0%) 362/400 (90.5%)

ESD: endoscopic submucosal dissection; HR: hazard ratio; ND: no data; OR: odds ratio; RR: risk ratio.
2 Undifferentiated lesions. P Expanded indication lesions. The 95% confidence intervals are shown in parenthesis
for HR, OR, and RR.

Considering that gastrectomy with lymphadenectomy is a major surgical procedure
entailing the resection of a considerable portion of the stomach and ESD is a minimally
invasive and stomach-sparing procedure, a few authors have evaluated patient-reported
quality of life after curative treatment. We found three comparative studies, one of which
was retrospective [72] and the other two were prospective [73,74]. In all three, quality of
life was assessed using the European Organization for Research and Treatment of Cancer
(EORTC) Quality of Life Questionnaire Core 30 (QLQ-C30) and a GC-specific module,
namely, the EORTC QLQ-STO22. Song et al. [72] reported a significantly higher overall
health status in the ESD group compared to the surgery group (p < 0.05) and a global trend
in all function and symptom scales in favor of endoscopic treatment, although statistical
differences were only found in relation to physical function, social function, fatigue, nausea
and vomiting, appetite loss and constipation, reflux, eating restrictions, and body image.
Libanio et al. [73] found, at 1-year, a net benefit in overall health favoring ESD (p = 0.006).
ESD was not associated with worsening in any functional dimensions or symptom scales
compared to baseline. This result contrasts with those regarding the surgery group, whose
patients reported a significant decrease in role function and worsened fatigue, pain, appetite
loss, diarrhea, dysphagia, eating restrictions, taste, and body image. ESD patients did not
more frequently report fear of recurrence, new tumors, or death when compared with
surgical patients. Kim et al. [74] reported significant differences between groups only with
regard to physical functioning, eating restrictions, dysphagia, diarrhea, and body image.

Taking all the above into account, when a superficial gastric lesion is amenable to
endoscopic resection with a high likelihood of curability, guidelines consider endoscopic
resection to be a more desirable choice of curative treatment compared to surgery [23]. Es-
pecially in cases of expanded indications, this should be a shared decision between a patient
and their physician that is finalized after a discussion of the advantages and downsides of
both treatment modalities with respect to both short- and long-term outcomes [75].
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6. Management after Resection

After endoscopic resection, a pathological examination is essential in order to properly
characterize the resected lesion and classify the resection as curative or non-curative,
thereby guiding posterior management. The criteria for curability regarding resections
have been defined according to the risk of LNM based on the histological findings of
surgical specimens. Several studies throughout the years have consistently identified
lymphovascular invasion, deep submucosal invasion (>500 pum), undifferentiated histology,
and a size >30 mm as independent risk factors for LNM [16-18,23,33-35], and this evidence
is the cornerstone for the definition of current curative criteria.

European guidelines [23] consider two groups of curative resections (Figure 2):

e  Very-low-risk resections (LNM risk < 0.5-1%), i.e., when a differentiated mucosal
(pT1a) lesion, without lymphovascular invasion, and independent of size if there are
no ulceration findings or <30 mm in size if ulcerated, is resected en bloc and with
negative margins;

e Low-risk resections (LNM risk <3%), i.e., when a poorly differentiated pT1alesion < 20 mm
in size or a differentiated pT1b lesion (submucosal invasion < 500 um) <30 mm in size,
that present neither ulceration nor lymphovascular invasion, is resected en bloc with
negative margins.

ENDOSCOPIC
RESECTION
Well-differentiated Undifferentiated
(1) pT1a, ULO pTla, ULO, = 20mm
(2) pTla, ULL, = 30mm HMO0 VMO, Ly0, VO
(3) pT1b (SMIL), = 30mm
& VMO, Ly0, VO
Yes Jv *NU No¢ Yes
HMx or HM1 Non curative
resection
Yes No l
Complete staging
Surgery
.
Local risk Low risk
E Group (3) ————»| z
resection ¢ resection
- Groups (1) and (2) v
Observation with scar VE"Y“‘“}' risk Complete staging
biopsy at 3 months resection Multidisciplinary evaluation
Re-ESD and individualized decision
Coagulation Surveillance versus surgery
Surgery

Endoscopic strveillance
at 3-6 months,
and anually after

Figure 2. Post-resection management according to the European Society of Gastrointestinal En-
doscopy guidelines on ESD. pT1la: intramucosal adenocarcinoma. pT1b (SM1): adenocarcinoma with
superficial submucosal invasion (<500 um). ULQ: non-ulcerated. UL1: ulcerated. VMO: negative
vertical margin. Ly0, VO: no lymphovascular invasion. HMO: negative horizontal margin. HMx:
piecemeal resection. HM1: positive horizontal margin.

A very-low-risk resection does not require any further radiological staging or treat-
ment, whereas for lesions meeting low-risk criteria, further treatment is generally not
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recommended, but the patient should undergo complete staging, and the decision to
pursue additional surgical therapy should be individualized after discussion with a multi-
disciplinary team.

A third group of lesions is classified as local-risk resections—due to a very low risk
of LNM but an increased risk of local recurrence—when a piecemeal resection or tumor-
positive horizontal margin occurs in (i) lesions otherwise meeting very low risk criteria and
(i) differentiated pT1b lesions with submucosal invasion < 500 pm, a size < 30 mm, and
negative vertical margins, provided that there is no evidence of submucosal invasion at
the resection margin. Management in such situations should be tailored, for which patient
preferences should be considered, with guidelines preferring either close observation with
scar biopsy or re-ESD/scar ablation over surgery given its poorer safety profile. However,
surgery is an adequate alternative, especially for cases of recurrence that are not amenable
to endoscopic re-intervention.

Finally, endoscopic resections are classified as noncurative for any lesion with: posi-
tive vertical margins; lymphovascular invasion; deep submucosal invasion (>500 pum from
the muscularis mucosae); ulceration or a size > 20 mm in poorly differentiated lesions; a
size > 30 mm in pT1b differentiated lesions with submucosal invasion <500 um and in
intramucosal ulcerated lesions. In these cases, complete staging is recommended, and
a further curative resection should generally be pursued, namely, gastrectomy and lym-
phadenectomy, since the presence of LNM is linked to a poor prognosis. For patients who
refuse salvage surgery or are unfit for a major surgical procedure, surveillance may be an
acceptable alternative.

The Japanese guidelines [22,24], on the other hand, use the eCura grading system to
categorize the curability of resected lesions. Lesions are classified as endoscopic curability
A (eCuraA) when the effect of endoscopic resection is equal to or superior to surgery with
respect to long-term outcomes. These include the same resections classified as very low
risk in European guidelines as well as the en bloc resection of intramucosal (pT1a) predom-
inantly undifferentiated-type lesions that are <20 mm and non-ulcerated, possess negative
horizontal and vertical margins, and do not present lymphovascular invasion. However,
predominantly differentiated lesions with an undifferentiated component > 20 mm are
considered non-curative resections (endoscopic curability C-2). When curability can be
expected, although there is not yet sufficient evidence of long-term results, lesions are
graded as endoscopic curability B (eCuraB), and are constituted by en bloc resection of
predominantly differentiated-type lesions with a minute degree of submucosal invasion
(<500 pm from the muscularis mucosae, pT1b1), negative horizontal and vertical margins,
and no lymphovascular invasion. If an undifferentiated component is present in the submu-
cosal portion of the lesion, the resection is considered non-curative. Every other lesion not
fulfilling eCuraA or eCuraB criteria is a non-curative resection and classified as endoscopic
curability C lesions (eCuraC). This group subdivides into eCuraC-1, which encompasses
differentiated eCuraA or eCuraB lesions that were either not resected en bloc or had positive
horizontal margins, and eCuraC-2, which is made up of all other non-curative resections.

Regarding non-curative resections, Libanio et al. [76] reported that 75% of the gastrectomy
specimens of such cases did not show residual lesions, and the 5-year DSS did not seem to
differ between patients in the surgical and non-surgical groups [76,77]. Thus, indiscriminately
recommending surgical treatment to all non-curative resections may be excessive. Accordingly,
Hatta et al. [78] created a scoring system for non-curative resections, attributing the following
points to five different risk factors for LNM: three points for lymphatic invasion, and one point
each for tumors > 30 mm, presenting positive vertical margins, presenting venous invasion,
and whose level of submucosal invasion is >500 um. Patients were then stratified into three
groups corresponding to LNM risk: low (zero points to one point: 2.5% risk), intermediate
(two to four points: 6.7% risk), and high (five to seven points: 22.7% risk). A validation arm
verified that this categorization is associated with significantly different DSS between risk
groups (99.6, 96.0, and 90.1% at 5 years, respectively; p < 0.001) and that the low-risk group
presents very high DSS, which is comparable to that of EGC patients who fulfill curative
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criteria after endoscopic resection. This tool may be helpful in attempting to predict which
patients will receive the most benefit from salvage surgery after non-curative ESD and for
whom surgical treatment may represent a riskier option than surveillance.

As stated before, endoscopic resection preserves the stomach at the expense of main-
taining gastric mucosa at risk for metachronous lesions and recurrence. The rate of
metachronous lesions after curative endoscopic resection described in the literature varies
between 3% and 20%. In a recent meta-analysis, Ortigao et al. [79] determined a value of
metachronous gastric lesion cumulative incidence at 5 years of 9.5% after endoscopic resec-
tion, which was significantly higher than that of 0.7% for surgery, with the meta-regression
model predicting an increase in the metachronous rate with time, namely, up to 14.9% at
10 years for endoscopic resection versus 2.3% for surgery. This highlights the need for
endoscopic surveillance post-resection.

European guidelines [23] recommend a follow-up endoscopy 3-6 months after a
curative resection or local-risk resection without local recurrence and annually thereafter,
while Japanese guidelines [24] recommend annual endoscopy for an eCuraA resection
and annual or biannual endoscopic surveillance for an eCuraB resection. There are no
studies comparing annual and biannual surveillance, but an endoscopy interval less than
12 months does not seem to increase the proportion of metachronous lesions amenable to
endoscopic resection [79]. On the other hand, one study found that a surveillance interval
greater than 12 months was significantly linked to the recurrence of adenocarcinoma, larger
lesions, and a higher proportion of patients undergoing surgical treatment [80].

Still regarding the surveillance interval, multiple studies have tried to find risk factors
for metachronous GC to enable the tailoring of surveillance according to individual risk.
The aforementioned meta-analysis found the following to be significantly associated with
metachronous: older age (mean difference 1.08 years, 95%CI 0.21-1.96), male sex (OR 1.43,
95%CI 1.22-1.66), a family history of GC (OR 1.88, 95%CI 1.03-3.41), synchronous lesions
(OR 1.72, 95%CI 1.30-2.28), severe gastric mucosal atrophy (OR 2.77, 95%CI 1.22-6.29),
intestinal metaplasia in corpus (OR 3.15, 95%ClI 1.67-5.96), a persistent Helicobacter pylori
infection (OR 2.08, 95%CI 1.60-2.72), and a lower pepsinogen I/1I ratio (mean difference-0.54,
95%CI —0.86 to —0.22) [79].

Several meta-analyses have evaluated the impact of H. pylori eradication on the
risk of metachronous lesions following an endoscopic resection of EGC and generally
concluded that eradication is associated with reduced rates of metachronous GC [RR 0.46,
95%CI 0.37-0.57 [81]; RR 0.467, 95%CI 0.362-0.602 [82]; RR 0.50, 95%CI 0.41-0.61 [83];
OR 0.42, 95%CI 0.32-0.56 [84]; OR 0.47, 95%CI 0.33-0.67 [85]; hazard ratio (HR) 0.43,
95%CI 0.26-0.70 [86]. One meta-analysis [85] incorporating 6967 patients from nine ran-
domized controlled trials found that there was no difference in metachronous incidence
when patients had already-established atrophic gastritis and intestinal metaplasia at
baseline. International guidelines [22,24,87] recommend that a patient’s H. pylori status
be determined after the endoscopic resection of EGC, with reflex eradication.

Finally, the required duration of a follow-up after resection has not not clearly defined,
and neither is the level of expertise of the endoscopists assigned to this task. The risk of
metachronous lesions is higher for older patients but also seems to increase with time for up
to 10 years after resection (even among younger patients). In one study, a survival analysis
showed a stable cumulative incidence of metachronous cancer 10 years post-resection [88].

7. Future Perspectives

Predicting the depth of invasion of EGC is one of the most challenging aspects of the
endoscopic assessment of superficial gastric lesions. Artificial intelligence (AI) systems
have been used in several medical fields. A few studies have undertaken the evaluation
of the accuracy of Al systems in predicting the depth of invasion of EGC. Zhu et al. [89]
and Tang et al. [90] report an accuracy of around 88-89% for predicting tumor depth,
while Yoon et al. [91] report a sensitivity and specificity of 79.2% and 77.8%, respectively.
Nagao et al. [92] evaluated an AI system’s ability to predict depth of invasion using
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conventional white-light imaging, non-magnifying narrow-band imaging, and indigo-
carmine dye contrast imaging and found no differences, with accuracies varying between
94.5% and 95.5%. Wu et al. [93] report a lower accuracy of 78.57% for predicting EGC
invasion depth, which is still comparable to endoscopists’ results, and Hamada et al. [94]
present similar accuracy values (78.9-82.4%, depending on whether evaluations were
image-based or lesion-based). Two systematic reviews with meta-analyses have assessed
the performance of Al systems with respect to estimating depth invasion [95,96]. The
pooled sensitivity and specificity for predicting deep submucosal invasion were 72-82%
and 79-90%, respectively. Jiang et al. concluded that Al-assisted depth diagnosis is more
accurate than that of experts, while Xie et al. did not find differences on this matter.
Kim et al. [97] compared two Al models, one developed from static images and the second
from video clips, and concluded that models developed from videos could predict EGC
depth invasion more precisely than image-trained models. A recent study [98] suggests
that human-machine cooperation improves performance when compared to the individual
results of either one. Although promising, Al systems have yet to prove themselves more
accurate than experts at predicting depth of invasion. Therefore, they have not been
implemented in clinical practice; however, the technology is expected to improve quickly.

There also seems to be room for improvement in cases of non-curative resection, as
the search for the less invasive management of GC continues. As mentioned previously,
a great portion of lesions that do not meet curative criteria fail to show residual disease
or LNM after rescue surgery. Given the post-surgery morbidity and impact on quality
of life of gastrectomy, it would be desirable to avoid surgery among patients who have
not yet developed LNM. In this regard, Abe et al. [99] first described in 2005 a minimally
invasive strategy combining ESD followed by laparoscopic lymph node dissection (LLND).
Theoretically, in a patient with a lesion that has been completely resected via ESD but
with a clinically significant risk of LNM, LLND would offer the potential to confirm the
absence of LNM, hence obviating the need for gastric resection. The same group evaluated
the long-term outcomes of combining ESD and LLND in a group of 21 patients whose
lesions were completely removed but presented at least one risk factor for LNM [100].
Fourteen patients had undifferentiated-type lesions, eight had deep submucosal invasion,
and two had lymphatic invasion. After a median follow-up of 61 months, none showed
evidence of metastatic disease, including two patients with positive lymph node metastasis
as determined via LLND who refused salvage surgery and were followed for 78-85 months.
The authors also evaluated adverse events resulting from the procedure. Gastric lymph
node dissection usually implies the division of major feeding arteries and the resection of
vagal trunks, which may result in early or delayed gastric ischemia on the one hand and
gastritis, perforation or ulcers, and impaired gastric motility on the other. In this study, one
patient suffered gastric perforation from early ischemic gastritis, three patients presented a
moderate amount of gastric residue following gastroscopy, and two patients complained of
postprandial static symptoms such as abdominal distention and belching.

The consequences related to an extended lymph node dissection may be partially
curbed by further limiting the number of patients submitted to radical lymphadenectomy.
As already conducted for other cancer types, a strategy of lymph node mapping in GC
patients has been under study. A lymph node metastasis diagnosis based on the sentinel
lymph node biopsy (SLNB) of patients with a significant risk of LNM after ESD could
theoretically avoid unnecessary gastrectomy and/or radical lymphadenectomy. Several
meta-analyses have evaluated the diagnostic accuracy of SLNB [101-105]. The identifi-
cation rate of sentinel nodes varied between 93.7-99.0%, and sensitivity varied between
76.9-92.0%. However, the studies were highly heterogenous, with stark differences in the
clinical staging of GC patients, tracers used, methods of injection, comparison groups, and
the extent of lymphadenectomy. False negative rates of up to nearly 25% seem unreason-
able considering the prognosis of GC patients with LNM. Sensitivity seems to be higher in
earlier T stages, with a meta-analysis of cTINOMO gastric cancer reporting a sensitivity of
92% [104], and a cohort of two randomized controlled trials reporting a pooled sensitivity
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of 97.7% for pT1 tumors after subgroup analysis [106]. A single-arm study of the long-term
oncologic outcomes of SLNB in cT1 gastric cancer cases, incorporating 100 patients and
employing a median follow-up period of 47.5 months, showed a 3-year recurrence-free
survival rate of 96.0% (95%CI 92.2-100.0%) and an OS of 98.0% (95%CI 95.2-100.0%) [107].
New minimally invasive strategies such as SLNB or LLND after ESD could eventually
lead to the expansion of the indications for the endoscopic resection of EGC. However, there
are few studies evaluating the combination of LLND with ESD, and SLNB has not yet shown
consistent and satisfactory results, with a high heterogeneity of methods among studies.

8. Conclusions

ESD is now established as the preferential endoscopic resection technique for gastric
superficial lesions (when compared to EMR) and is also preferable to surgery, offering
advantages in terms of morbidity and quality of life. ESD is being successfully implemented
in western countries, and in the stomach, the corresponding efficacy and safety outcomes
are comparable to eastern studies. As ESD is now recommended as a first-line treatment
for lesions with a low risk of LNM, three aspects should drive future research:

1.  Prediction of and decrease in adverse events: The identification of patients at higher
risk of adverse outcomes is important in order to provide patients with more compre-
hensive information and implement preventive strategies such as defect closure or
defect shielding.

2. Better patient selection: Up to 20% of endoscopically resected lesions still do not meet
curative criteria, and it is desirable to improve pre-resection endoscopic assessments
to avoid unnecessary procedures conducted on patients who would not benefit from
them and to better allocate scarce resources. In this regard, Al will probably have a
clear role in assisting endoscopists in treatment allocation.

3. The optimization of the management of patients with non-curative resection: The
stratification of the risk of LNM, with individualized predictions, should be pursued;
this can be achieved through the refinement of existing scoring systems (eCura) and
possibly by incorporating additional variables (and possibly molecular features that
can help predict this undesirable outcome of LNM). Less invasive alternatives to
gastrectomy with lymphadenectomy among patients with non-curative resections
should also be pursued, but more studies are needed to clarify the potential role of
LLND and SLNB.

The efficacy of a follow-up after resection is also a matter of debate, with sparse
evidence backing such intensive and longstanding protocols. We hope that trials evaluating
different surveillance protocols according to a patient’s individual risk of developing
metachronous lesions will soon be found.
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Simple Summary: Endoscopic modalities have a central role in the diagnosis of pancreato-biliary
cancers. Endoscopic ultrasound (EUS) is crucial in the diagnosis of both solid and cystic pancreatic
lesions through tissue acquisition and fluid sampling. Intraductal brushings and biopsies performed
during endoscopic retrograde cholangiopancreatography (ERCP) can provide diagnosis for biliary
strictures, and additionally, cholangioscopy can allow direct visualization and image-directed biop-
sies. Moreover, advances in molecular markers can increase diagnostic accuracy and assist in risk
stratification for premalignant lesions, such as pancreatic cystic lesions. The present review focuses
on recent developments in the field of endoscopic modalities for the exploration of pancreato-biliary
malignant and premalignant lesions.

Abstract: Pancreatic cancer and cholangiocarcinoma are life threatening oncological conditions with
poor prognosis and outcome. Pancreatic cystic lesions are considered precursors of pancreatic cancer
as some of them have the potential to progress to malignancy. Therefore, accurate identification
and classification of these lesions is important to prevent the development of invasive cancer. In the
biliary tract, the accurate characterization of biliary strictures is essential for providing appropriate
management and avoiding unnecessary surgery. Techniques have been developed to improve the
diagnosis, risk stratification, and management of pancreato-biliary lesions. Endoscopic ultrasound
(EUS) and associated techniques, such as elastography, contrasted-enhanced EUS, and EUS-guided
needle confocal laser endomicroscopy, may improve diagnostic accuracy. In addition, intraductal
techniques applied during endoscopic retrograde cholangiopancreatography (ERCP), such as new
generation cholangioscopy and in vivo cellular evaluation through probe-based confocal laser en-
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have been explored that provide new insights into diagnosis, risk stratification, and management of
these lesions.
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1. Introduction

Pancreatic adenocarcinoma (PADC) and cholangiocarcinoma (CC) are life threatening

oncological conditions with poor prognosis and outcome. These cancers are frequently
diagnosed at a later, inoperable, stage and have low 5-year survival rates of 11.5% and
20.8%, respectively [1-3]. PADC is the tenth most common cancer but has the third highest
mortality in the United States [3]. Survival depends on the stage of cancer, illustrated by
conditions of the Creative Commons  D-year survival rates for pancreatic cancer which span from 43.9% in cases of resectable
Attribution (CC BY) license (https://  disease, to 14.7% in cases of locally advanced disease, and 3.1% in cases of metastatic
creativecommons.org/ licenses,/by / disease [3]. Unfortunately, only 20% of patients are eligible for surgical resection at the time
40/). of diagnosis, which underlines the importance of early diagnosis [4].
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Obstacles to timely diagnosis include a potentially indolent clinical presentation,
inaccurate serum biomarkers, and low specificity and sensitivity of cross-sectional imaging
techniques to detect these lesions at an early stage [4,5]. In addition, CC not only has a poor
prognosis but can also be very difficult to palliate with optimal biliary drainage, therefore
impeding proper oncological management [6].

Pancreatic cystic lesions (PCLs) are mostly benign entities, but some types have a
potential for malignant transformation, making characterization and stratification of these
lesions crucial to offer appropriate management and surveillance [7,8]. As PCLs are being
increasingly detected via cross-sectional imaging techniques performed even in patients
without symptoms, evidence-based recommendations are more important than ever for
the clinician [9].

Both endoscopic ultrasound (EUS)- and endoscopic retrograde cholangiopancreatog-
raphy (ERCP)-based techniques can offer substantial information that can be used for
determining the diagnosis of both solid lesions and PCLs, as well as undetermined biliary
and/or pancreatic strictures. Additionally, a multidisciplinary approach is required to offer
appropriate management and avoid misdiagnosis and unnecessary surgical resections that
are potentially related to morbidity and mortality [10-12].

The scope of this review is to focus on recent advances in the endoscopic diagnosis of
malignant and premalignant pancreato-biliary lesions. This includes potential application
of EUS-related modalities, as well as ERCP with intraductal visualization and assessment.
Advances in tissue acquisition, both EUS-guided and that obtained during ERCP, are also
explored. Finally, developments in the molecular field with new biomarkers and next
generation sequencing (NGS) are also discussed.

2. EUS Techniques

EUS provides pancreato-biliary imaging that is complementary to cross-sectional imag-
ing for both solid lesions and PCLs. It has been proven that computed tomography (CT)
and magnetic resonance imaging (MRI) have less sensitivity in detecting smaller pancreatic
solid lesions measuring less than 2 cm compared to EUS [13-15]. Novel techniques have
been developed in the EUS field to improve diagnostic accuracy, such as elastography and
contrast-enhanced EUS (CE-EUS). Furthermore, EUS offers the possibility of acquiring
tissue or fluid, which is the cornerstone for decision-making regarding management. New
needle designs and tissue-acquisition modalities have been developed that have improved
tissue specimen quality and diagnostic yield.

2.1. Contrast-Enhanced EUS

CE-EUS is a complementary technique to the traditional B-mode EUS imaging that
involves a contrast agent which creates microbubbles in the target tissue area once injected
intravenously in order to assess local micro-vascularization [16]. The main parameters
evaluated are type of enhancement (hyper-, hypo- or non-enhanced), contrast distribution
(heterogeneous or homogenous), and speed of wash-out. CE-EUS can allow for better
evaluation of a solid lesion or a cystic lesion with a suspected solid component [17].

Regarding solid lesions, CE-EUS can play an important role in differentiating PDAC
from other types of lesions, such as neuroendocrine tumors (pNETs) or inflammatory
lesions, as seen in patients with chronic pancreatitis and autoimmune pancreatitis [17].
PDAC appears as a hypo-enhanced, homogenous, or non-homogenous lesion, with a fast
wash-out, while pNETs appear hyper-enhanced with a slow wash-out, and inflammatory
masses present as hyper- or iso-enhanced [17-19]. In a recent meta-analysis, the pooled
sensitivity, specificity, and diagnostic odds ratio of CE-EUS for the differential diagno-
sis of PDAC were 0.91 (95% confidence interval (CI), 0.89-0.93), 0.86 (95% CI, 0.83-0.89),
and 69.50 (95% CI, 48.89-98.80), respectively [18]. Although CE-EUS does not seem to
have a better diagnostic yield than tissue acquisition, it may help if cytology is inconclu-
sive [20]. Furthermore, CE-EUS can help guide tissue acquisition by targeting the most
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suspicious component of the lesion and avoiding necrotic areas, biopsies of which may
yield inconclusive results [16,17,20].

Regarding PCLs, the cystic wall, septae, and mural nodules are assessed for vascular-
ization with CE-EUS. Cystic pNETs, mucinous cystic neoplasms (MCNs), and intraductal
papillary mucinous neoplasms (IPMNs) present with a hyper-enhanced wall, whereas
pseudocysts have an avascular wall [16,17]. Furthermore, the mural nodules encountered
in MCNs or IPMNSs at risk of becoming malignant appear as hyper/isoechoic without
a hyperechoic rim, whereas mucus or debris are not enhanced [21,22]. Based on recent
recommendations, the presence of an enhancing mural nodule over 5 mm is an indication
for surgical resection if the patient is deemed fit for surgery. Therefore, CE-EUS can offer
crucial input in this setting [9] (Figure 1).

2.2. EUS Elastography

Elastography evaluates tissue stiffness by measuring its elasticity [23]. The compres-
sion of a target tissue via the EUS probe produces a displacement of the tissue called
“strain”, which correlates with the hardness of the structure and may differentiate between
benign lesions (soft tissue) and malignant lesions (hard tissue) [16,23]. Additionally, it
can be used to guide the biopsy to the optimal area of the lesion to increase diagnostic
accuracy [23].

Qualitative and quantitative methods of measurement have been described [24]. Qual-
itative differentiation is based on a color distinction in which green, blue and red represent
normal, hard and soft pancreatic tissue stiffness, respectively. Nevertheless, this measure-
ment is highly operator-dependent and subjective. A quantitative measure, called the strain
ratio, is an objective method of stiffness comparison between the target area and a reference
area in a grayscale image [24]. Finally, the strain histogram is a computer-enhanced method
for dynamic analysis, where color images are transformed into a grayscale of 256 tones.
These two aforementioned quantitative measurements allow a more objective assessment.
Interestingly, a meta-analysis did not show any difference in diagnostic accuracy between
qualitative and quantitative evaluations, with a pooled sensitivity /specificity of 98%/63%
and 95%/61%, respectively [24].

EUS techniques can be combined, and it has been reported that EUS-elastography and
contrast-enhanced EUS together can improve the accuracy of the diagnosis [19].

2.3. EUS-Guided Tissue Acquisition

Despite all the aforementioned advances, the final diagnosis is still based on histopatho-
logical sampling. EUS fine-needle aspiration (EUS-FNA) was initially developed to provide
tissue for cytological analysis [25-27]. On the other hand, fine-needle biopsy (FNB) pro-
vides a larger segment of tissue allowing assessment of the architecture and subsequent
histological analysis. This is due to an adapted needle tip design that allows more tissue to
be sampled and preserves the architectural structure [27] (Table 1).

Rapid onsite cytopathological evaluation (ROSE) consists of the preparation of cytol-
ogy slides, staining, and assessment of sample adequacy by a pathologist onsite and directly
in the procedure room [25]. Macroscopic on-site evaluation (MOSE) consists of the direct
macroscopic evaluation of the core tissue obtained from EUS-FNB by the operator [26].

Overall, the diagnostic yield does not differ between FNA and FNB needles, but it
seems that FNB needles provide higher sample adequacy [28-31]. A recent meta-analysis
suggested the non-superiority of 22G FNB needles over 22G FNA, with the only advantage
being a similar diagnostic yield as FNA but with fewer passes [28]. Regarding FNB needle
tip design, a recent review and network meta-analysis showed that Franseen and Fork-tip
needles (new generation FNB needles) significantly outperformed the older reverse-bevel
FNB needles [30]. Moreover, a multicenter randomized controlled trial confirmed the
noninferiority of EUS-FNB without ROSE compared to FNB with ROSE in solid pancreatic
lesions when new-generation FNB needles are used, thus highlighting the benefit of the
use of FNB needles when the pathologist is not available [31]. Finally, MOSE has an overall
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diagnostic yield of 90%, sensitivity of 86.5%, and a specificity of 100% for solid pancreatic
lesions and may represent a valid alternative when ROSE is not feasible [26].

Figure 1. Algorithm for the assessment and management of PCLs. Abbreviations: ADC: adenocar-
cinoma; CA19-9: carbohydrate antigen 19-9; CE-EUS: contrast-enhanced endoscopic ultrasound;
DM: diabetes mellitus; EUS-FNA: EUS fine-needle aspiration; EUS-FNB: EUS fine-needle biopsy;
Gle: glucose; IPMN: intraductal papillary mucinous neoplasm; MCN: mucinous cystic neoplasm;
MPD: main pancreatic duct; PCLs: pancreatic cystic lesions; SCN: serous cystic neoplasm; nCLE:
needle-based confocal laser endomicroscopy; TTNB: through-the-needle microforceps biopsy.

Different sampling techniques applied during EUS-guided tissue acquisition have
been described [32,33]. The classic technique to obtain tissue sampling is the fanning
technique (during a single-needle pass, the endoscopist targets different areas to biopsy).
A randomized controlled trial compared EUS-FNB using the fanning technique to CE-
EUS-guided FNB and revealed similar rates of diagnostic accuracy for solid pancreatic
lesions [32]. A recent network meta-analysis showed that the application of suction (specif-
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ically wet suction involving saline infusion through the needle) seemed to provide high
rates of adequate samples, although with high blood contamination, compared to “no
suction” [33]. Adverse events related to EUS-guided tissue acquisition are rare, but may
include acute pancreatitis, infection, perforation, and bleeding, with rates estimated to be
0.5-3% of cases [34].

Table 1. Characteristics of EUS-FNA and EUS-FNB needles.

Needle Type Characteristics

Conventional needles (19G, 22G, 25G) End-cutting needle. Sharply pointed tip to facilitate puncture.

ENA . . - X
Menghini-tip needle End-cutting needle. Tapered beve.l edge that facilitates the tissue being
withdrawn into the lumen.
Franseen needle (22G, 25G) * End-cutting needle. Crown tip w1th three-plane symmetric cutting edges.
No side-slot.

Reverse-bevel needle (19G, 22G, 25G) Moch.ﬁed Menghnu—type nee'dle with a beveled side-slot near the needle

ENB tip. Tissue collected during retrograde movement of the needle.

Fork-type needle (19G, 22G, 25G) *

End-cutting needle. Fork-shaped distal tip including six cutting edges and
an opposing bevel. No side-slot.

Antegrade core trap (20G)

Modified Menghini-type needle with a beveled side-slot near the needle
tip. Tissue collected during antegrade movement of the needle.

*

Abbreviations: EUS: endoscopic ultrasound; FNA: fine-needle aspiration; FNB: fine-needle biopsy.
generation FNB needles.

new

2.4. Fluid Analysis for PCLs

EUS-FNA for fluid aspiration and analysis plays an essential role in determining
the type of PCL, and, in particular, whether it has a mucinous component, and therefore
malignant potential, in cases of non-contributive cross-sectional imaging [35]. High levels
of carcinoembryonic antigen (CEA) and mucin staining are consistent with a mucinous PCL,
such as MCN or IPMN [35]. Intracystic glucose measurement, which is easily available and
inexpensive, has been studied as an additional diagnostic tool. A recent multicenter study
in 93 patients showed that a glucose concentration of <25 mg/dL had a sensitivity and
specificity of 88.1% and 91.2%, respectively, for differentiating mucinous PCLs, whereas a
CEA concentration of >192 ng/mL had a sensitivity of 62.7% and a specificity of 88.2% [36].
Furthermore, cyst wall sampling using EUS-FNA may also increase the diagnostic yield [35].
Cuboidal epithelial cells, clear cytoplasm, and excess glycogen can diagnose serous PCLs.
The presence of mucin, ovarian-like stroma with a degree of cell atypia, is mainly found
with mucinous PCLs, such as MCN (Figure 1, Table 2).

Finally, there is an immediate on-site method to improve the diagnostic accuracy
of PCL fluid analysis called the string test. A drop of cystic fluid is placed between the
examiner’s fingers and then it is stretched, and the maximal length of mucus is measured.
It is considered positive if >1 cm string is formed and lasts for >1 s [37]. The string test
has been shown to have a high positive predictive value for correctly diagnosing mucinous
PCLs [37].

The analysis of mutations from fluid-containing DNA is increasingly applied in clinical
practice. KRAS and GNAS mutations have a good accuracy for the diagnosis of IPMNs
and MCNs, based on a recent meta-analysis [38]. Finally, a recent multi-center prospective
study showed that NGS of PCL fluid has a high sensitivity and specificity for differentiating
between cystic lesions and advanced neoplasia or pNETS [39]. Combining different mark-
ers, such as MAPK/GNAS and P53/SMAD4/CTNNB1/mTOR, increased the sensitivity to
89% and specificity to 98% for the diagnosis of advanced neoplasia [39].
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Table 2. Different predictors in cyst fluid analysis of PCLs.

Serous/Non Mucinous Advanced Neoplasia
Cyst Fluid Analysis Mucinous PCLs (Predictors of Degenerate
PCLs
PCLs)
Intracystic glucose N\ a N
Biomarkers CEA P N P
Mucin staining a / +
Cytology Cuboidal epithelial cells / + /
Clear cytoplasm / + /
Excess glycogen / + /
KRAS mutation + / +
GNAS mutation + / +
NGS
MAPK/GNAS / / +
P53/SMAD4/CTNNB1/mTOR / / +

Abbreviations: CEA: carcino embryonic antigen; PCLs: pancreatic cystic lesions; NGS: next generation sequencing;
Arrow up: increase, Arrow down; decrease, +: presence, /: absence

2.5. EUS-Guided Needle Confocal Laser Endomicroscopy

Needle-based confocal laser endomicroscopy (nCLE) is a novel technique that uses
EUS to guide a thin CLE probe through a 19-gauge EUS needle, allowing evaluation of the
inner walls of PCLs [8], real-time imaging of intracystic epithelium within a single plane,
and in vivo pathological analysis [22].

In a recent prospective observational study, it was shown that the addition of EUS-
nCLE to EUS-FNA improved the specificity, sensitivity, and diagnostic accuracy for PCLs [40]
as well as an increased diagnostic yield compared to EUS-FNA alone [40].

Typical nCLE features include papillary projections in IPMNs and the superficial
vascular network in serous cystic neoplasm (SCN) [40]. Moreover, a recent study identified
two criteria related to dysplasia and malignant degeneration: papillary epithelial thickness
and darkness [41]. These worrisome features can help in risk stratification for IPMNs [41].

2.6. Through-the-Needle Microforceps Biopsy (TTNB)

Although the main diagnostic tool for characterization of PCLs is cyst fluid analysis,
cytology of the liquid and the wall can be also be obtained with EUS-FNA but, unfortunately,
this is not sufficient for molecular testing and diagnostic yields remain low [38]. Through-
the-needle microforceps biopsy (TTNB) allows biopsies to be obtained from the cyst wall
with the aid of a miniforceps that is passed through a 19-Gauge EUS needle under EUS
guidance [42]. A meta-analysis and systematic review of TTNB including 11 studies [43]
demonstrated that TTNB is a superior diagnostic technique compared to FNA for EUS-
guided sampling of PCL walls. The most common adverse events (AE) included post-
procedural acute pancreatitis (AP) and mild intracystic bleeding. In a prospective study [44],
the feasibility of molecular analysis by NGS via TTNB was assessed in 101 patients. The
authors demonstrated that TTNB was superior to cyst fluid analysis for differentiating
between mucinous and non-mucinous PCLs with a higher sensitivity and specificity, albeit
with a 10% AE rate. In addition to the beneficial diagnostic yield of this technique, the rate
and severity of AE are not negligible. Indeed, in another prospective open-label controlled
study on 101 patients, Kovacevic et al. [45] reported an AE rate of 9.9%, the majority of
which was AP. Among these complications, four were considered severe, and one was
fatal. More recently, Facciorusso et al. [46] attempted to identify the risk factors for AE
in a retrospective study of 506 patients. The AE rate was 11%, including three patients
with AP requiring ICU hospitalization and one patient undergoing surgical necrosectomy.
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Four independent risk factors were highlighted: the type of cysts (IPMN), the number of
passages, the complete aspiration of the cyst and the age (>64 years).

Therefore, this technique must only be selected when the benefit of accurate diagnosis
outweighs the potential AE, especially since there has been recent development on the
identification of molecular markers in the cyst fluid [39,47].

3. Intraductal Biliopancreatic Techniques

Biliary strictures are classified as distal when the common bile duct is involved,
and proximal when located at the level of the hepatic hilum and intrahepatic
ducts [48,49]. Common causes of malignant distal biliary stricture are PDAC followed by
CC and ampullary cancer [48,49]. Proximal malignant strictures are mostly related to CC,
hepatocarcinoma, gallbladder cancer, and compression due to metastatic lymph nodes [49].
Distal strictures related to PDAC with a mass can be explored with EUS-guided tissue
acquisition; however, proximal strictures with no clear mass, as frequently encountered in
patients with CC, are more challenging [49].

Biliary strictures are considered as indeterminate when the diagnosis is unclear after
cross-sectional imaging and ERCP with biliary sampling. Determining diagnosis is crucial
to avoid unnecessary high-risk surgeries as well as a progression to an advanced stage

cancer [50,51] (Figure 2).
¥ EUS-FNA at the level of

the stricture + ERCP for
biliary brushing +/-
forceps biopsies

v Consider re-ERCP +

v EUS-FNA/FNB biliary brushing +
forceps biopsies or

advanced techniques:

SOC/NGS/pCLE or
surgery if patient fit

¥ Consider EUS for staging
and EUS-FNA/FNB if
required

¥ Exclude benign diseases
(inflammatory mass, 1gG4)

¥' Up front surgery is an
option if patient fit

/—
mn

v" Duodenosocopy +
biopsies

Figure 2. Algorithm for the assessment of biliary strictures. Abbreviations: CC: Cholangiocarcinoma;
PCLE: probe-based confocal laser endomicroscopy; ERCP: endoscopic retrograde cholangiopancre-
atography; EUS: endoscopic ultrasound; FNA: fine-needle aspiration; FNB: fine-needle biopsy; NGS:
next generation sequencing; SOC: single-operator cholangioscopy:.

3.1. Intraductal Tissue Acquisition

During ERCP, it is possible to obtain tissue from strictures, under fluoroscopy guidance,
via brush cytology and forceps biopsy [50,51]. The yield for brushings varies from 40% to
80%, and can be increased when combined with forceps biopsy [50]. A recent randomized
trial confirmed that EUS-FNA had superior accuracy compared to combined brush cytology
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and forceps biopsy (94% vs. 62%, p = 0.003) in cases of extraductal lesions larger than
1.5 cm, but accuracy was similar when considering intraductal lesions less than 1.5 cm [52].
Immunohistochemical staining is a widely available method for investigating specific
tumorigenesis-related protein expression patterns in brush and biopsy samples [53,54].

An endoscopic scraper has been developed with a wire-guided system and three
scraping loops to obtain tissue and cell samples for histology and cytology. A recently
published study including 435 patients with biliary strictures showed that the diagnostic
performance of the endoscopic scraper combined with the cell block is better than brush
cytology alone or brush with cell block [55]. Nevertheless, sensitivity does not exceed 53%,
highlighting the need for complementary investigations.

Malignant biliary strictures lead to chromosomal alterations which can be detected
using specific techniques, such as fluorescence in situ hybridization (FISH) and NGS [54].
FISH uses fluorescently labeled complementary DNA probes that allow detection of aneu-
ploidy of chromosomes in biliary brushings or biopsies in order to distinguish between CC
and benign bile duct strictures [54,56,57]. Addition of FISH and mutational analysis can
increase the level of sensitivity from 32% to 73% for the detection of malignancy, and reach
100% specificity [56]. Nevertheless, overall sensitivities obtained via this technique vary
from 31% to 88% according to studies, with a better yield for primary sclerosing cholangitis
(PSC)-related strictures and CC [54,56,57].

NGS can detect chromosomal mutations, even in small amounts of tissue or fluid. In
a recent study including 252 patients and 346 biliary specimens, the authors identified
mutations in a considerable number of biliary brushings and biopsies by performing
targeted NGS with a large gene panel [57]. The most prevalent genomic alterations consisted
of mutations in KRAS, TP53, CDKN2A, SMAD4, PIK3CA, and GNAS. NGS increased the
sensitivity to 83% and maintained a specificity of 99%. The increase in the diagnostic yield
was particularly observed for patients with PSC [57].

3.2. Cholangioscopy

The development of the single-use, single-operator cholangioscopy device (SOC)
that allows direct visualization of the bile tract and targeted biopsies has replaced the
previous “mother-baby” peroral cholangioscopy (POCS) system, a device which required
two operators and had significant fragility [58].

The first-generation SOC was a fiberoptic device that was replaced by the digital
version with improved high-resolution imaging, dedicated aspiration and irrigation chan-
nels, and an operating channel that allows the passage of a microforceps to perform
biopsies [59,60].

A recent meta-analysis including 13 studies and 876 patients reported an overall
sensitivity and specificity of 88% and 95%, respectively [60]. Subgroup analysis showed
that SOC image impression provided higher sensitivity but lower specificity than SOC-
guided tissue diagnosis with the forceps biopsy.

Direct cholangioscopy can also be applied with ultra-thin endoscopes through direct
insertion in the bile ducts. Although this is a challenging procedure, this system may offer
the potential of digital chromoendoscopy, like narrow-band imaging, which may increase
visualization quality and differentiation of surface structures and architecture [61].

Concerning adverse events, SOC has higher rates of cholangitis related to the need for
intraductal perfusion, therefore, the use of prophylactic antibiotics during the procedure is
required [58].

3.3. Probe-Based Confocal Laser Endomicroscopy

Probe-based confocal laser endomicroscopy (pCLE), also known as optical biopsy, is
an endoscopic technique that provides real-time magnification of 1000 x microscopic tissue
information to diagnose indeterminate biliary strictures [62].

A recent meta-analysis including 18 studies showed that pCLE had a higher sensitivity
but lower specificity than tissue sampling during ERCP for the diagnosis of indeterminate
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biliary strictures [62]. Nevertheless, correct interpretation of the real-time microscopic
images can be challenging. Consequently, classification systems have been developed to
differentiate between the patterns [63]. A recent prospective study focused on patients with
primary sclerosing cholangitis reported high sensitivity for diagnosis of CC, especially at
the level of the bifurcation; nevertheless, technical aspects of the probe may limit evaluation
of the common bile duct [64]. Major limitations of generalizing the use of pCLE include
availability, cost, and lack of expertise.

3.4. Pancreatoscopy

Compared to cholangioscopy, peroral pancreatoscopy (POPS) allows direct visualiza-
tion of the main pancreatic duct (MPD) and tissue acquisition under visual control [65].
Access to the MPD occurs through the major papilla, with or without sphincterotomy,
depending on the diameter of the pancreatic orifice and the indication (example, fish mouth
encountered in patients with main duct IPMN) [66]. The pancreatoscope is advanced
in the duct on a guidewire under regular irrigation and fluoroscopy [65,66]. Therefore,
prophylactic antibiotics are recommended in patients undergoing pancreatoscopy because
there is a risk of bacterial translocation by irrigating the pancreatic duct with saline so-
lution [65,66]. The two recognized indications are the diagnostic assessment of IPMN
(diagnosis, localization, and extension of the disease before surgery) and secondarily for
the evaluation of indeterminate pancreatic strictures to discriminate between benign or
malignant etiology [65]. Hara et al. first classified pancreatoscopy findings according to
the pit-pattern to differentiate benign and malignant aspect with a good accuracy (88% in
main duct IPMN and 66% for branch duct IPMN) [67]. A recent meta-analysis (25 studies)
showed an excellent diagnostic yield in the diagnostic work-up of IPMN (88-100%). The
disease extent of IPMN changed the surgery in 13-62% of the patients. The reported AE
event rate was 12%, majority of which was acute pancreatitis (most mild and moderate) [68].
Future studies are needed to better define the role of POP in the diagnostic work-up of
IPMN. There are few data regarding the assessment of indeterminate pancreatic strictures
when conventional imaging techniques are sometimes insufficient to distinguish between
benign and malignant strictures, particularly in patients with chronic pancreatitis [66]. The
classification between benign and malignant can be challenging, especially when there is
no associated lesion. El Hajj et al. [69] highlighted the role of pancreatoscopy to evaluate
pancreatic duct strictures and ductal dilation with different lesions as adenocarcinoma,
main and branch duct IPMN and inflammatory strictures. The overall accuracy of visual
assessment via POP was 87%, which increased to 94% when pancreatoscopy-guided tissue
acquisition was performed [69]. Therefore, current data suggest that in selected patients,
pancreatoscopy may play an essential role in characterizing indeterminate pancreatic duct
strictures and mapping IPMN before surgery. Nevertheless, pancreatoscopy should be
reserved for specific groups of patients due to a narrow range of advantages that this
technique allows and also because they can be performed only at expert centers.

4. Conclusions and Future Directions

The detection of pancreato-biliary lesions is rising due to an increased use of cross-
sectional imaging, even in patients without symptoms. Management of these lesions
is crucial due to the potential for malignant transformation. Misdiagnosis can lead to
development of advanced neoplasia or unnecessary surgery. Advances have been made in
the field of EUS, ERCP, cholangioscopy, as well as in biochemical and molecular detection,
to improve diagnosis, risk stratification, and management of these lesions. However, there
is a need for prospective, multicenter studies to provide evidence and establish standard
guidelines for diagnosis and overall management.
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Abbreviations

AP Acute pancreatitis

AE Adverse event

CEA Carcinoembryonic antigen

CcC Cholangiocarcinoma

CT Computed tomography

CI Confidence interval

CE-EUS Contrast-enhanced EUS

ERCP Endoscopic retrograde cholangiopancreatography
EUS Endoscopic ultrasound

EUS-ENA  EUS fine-needle aspiration

EUS-ENB  EUS fine-needle biopsy

FISH Fluorescence in situ hybridization

IPMN Intraductal papillary mucinous neoplasms
MCN Mucinous cystic neoplasms

MOSE Macroscopic on-site evaluation

MPD Main pancreatic duct

MRI Magnetic resonance imaging

nCLE Needle-based confocal laser endomicroscopy
NGS Next generation sequencing

PADC Pancreatic adenocarcinoma

PCLs Pancreatic cystic lesions

pNET Pancreatic neuroendocrine tumors

POCS Peroral cholangioscopy

POPS Peroral pancreatoscopy

PSC Primary sclerosing cholangitis

pCLE Probe-based confocal laser endomicroscopy
ROSE Rapid onsite cytopathological evaluation
SOC Single-operator cholangioscopy device
TTNB Through-the-needle microforceps biopsy
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Simple Summary: Endoscopic resection (ER) of large non-pedunculated colorectal polyps > 20 mm
(LNPCPs) is safe, effective and the preferred treatment compared to surgery. Predicted histopathology of
an LNPCP based on size, morphology, granularity, pit pattern and location in the colo-rectum is essential
when deciding upon resection technique. Post resection defect inspection and adjuvant techniques, such as
thermal ablation of the margin, have been demonstrated to reduce recurrence rates. Follow-up surveillance
colonoscopy can accurately identify recurrence. Endoscopic treatment of recurrence is effective.

Abstract: Large non-pedunculated colorectal polyps >20 mm (LNPCPs) comprise approximately
1% of all colorectal polyps. LNPCPs more commonly contain high-grade dysplasia, covert and
overt cancer. These lesions can be resected using several means, including conventional endoscopic
mucosal resection (EMR), cold-snare EMR (C-EMR) and endoscopic submucosal dissection (ESD).
This review aimed to provide a comprehensive, critical and objective analysis of ER techniques.
Evidence-based, selective resection algorithms should be used when choosing the most appropriate
technique to ensure the safe and effective removal of LNPCPs. Due to its enhanced safety and
comparable efficacy, there has been a paradigm shift towards cold-snare polypectomy (CSP) for
the removal of small polyps (<10 mm). This technique is now being applied to the management of
LNPCPs; however, further research is required to define the optimal LNPCP subtypes to target and
the viable upper size limit. Adjuvant techniques, such as thermal ablation of the resection margin,
significantly reduce recurrence risk. Bleeding risk can be mitigated using through-the-scope clips
to close defects in the right colon. Endoscopic surveillance is important to detect recurrence and
synchronous lesions. Recurrence can be readily managed using an endoscopic approach.

Keywords: colonoscopy; polyp; polypectomy; colorectal cancer; endoscopic mucosal resection;
endoscopic submucosal dissection

1. Introduction

Colorectal cancer (CRC) is the third most commonly diagnosed malignancy and the
second most frequent cause of cancer-related death [1,2]. The majority of CRCs arise via the
stepwise acquisition of molecular abnormalities in the adenoma—carcinoma and serrated
pathways [3-5]. This creates the opportunity for intervention to remove premalignant
polyps. Endoscopic resection (ER) of pre-malignant polyps has been shown to reduce the
incidence of CRC [6-8]. Moreover, screening colonoscopy and polypectomy have been
shown to reduce the risk of death from CRC at 10 years (risk ratio 0.82, 95% confidence
interval (CI) 0.70-0.93) [9]. In a large study (n = 2602) with follow-up over 23 years, a 53%
reduction (relative risk (RR) 0.47; 95% CI 0.26-0.80) in mortality was demonstrated in those
who had undergone polypectomy [7].

The majority (90%) of colorectal polyps are <10 mm in size, do not contain advanced
pathology and can be removed either en bloc or piecemeal using cold-snare polypectomy
(CSP) [10-12]. Large non-pedunculated colorectal polyps > 20 mm (LNPCPs) comprise
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~1% of all colorectal polyps. These lesions have varied risk of overt and covert submucosal
invasive cancer (SMIC), and therefore require a detailed, methodical optical assessment
before deciding on the most suitable resection technique [13-16]. This algorithm needs to
account for LNPCP size, morphology, location and pit pattern in addition to any patient-
specific factors, such as co-morbidities and anticoagulation or anti-platelet medications [17].

Consensus recommendations favour an endoscopic approach as first line for the
resection of LNPCPs (based on high-quality evidence) [18,19]. Compared to surgical
resection, EMR has been demonstrated to have reduced morbidity and mortality and lower
healthcare costs [20,21].

ER can be divided into three discrete phases: pre-resection, resection and post-
resection. The technical success of ER requires a methodical, collaborative approach,
ideally at a centre with access to the complete range of ER techniques, including conven-
tional endoscopic mucosal resection (EMR), cold-snare EMR (C-EMR) and endoscopic
submucosal dissection (ESD) (Figure 1). This review aimed to provide a comprehensive,
critical and objective analysis of ER techniques. Herein, we outline an evidence-based
approach to the ER of colorectal polyps.

Figure 1. Endoscopic mucosal resection (EMR), endoscopic submucosal dissection (ESD) and cold-
snare EMR (C-EMR). (a-c) EMR of a 40 mm Paris 0-ITa+Is granular hepatic flexure lesion. (d-f) ESD of
a hemi-circumferential 45 mm Paris 0-Ila+Is granular rectal lesion. (g-i) C-EMR of a 50 mm serrated
lesion without dysplasia in a patient with serrated polyposis syndrome.

2. Pre-Resection

Planning is essential to ensure technical success. The planning phase can be sub-
divided into pre-procedure and intra-procedure.
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Pre-procedural planning starts with patient assessment, accounting for frailty, func-
tional status, co-morbidities and medications. Consent must include the risks and benefits
of ER and a discussion around alternative modalities, such as surgery. Predicted lesion
histopathology, including the risk of SMIC, should influence ER modality, and any related
imaging should be reviewed. Pre-procedural planning also includes an in-room discussion
with the endoscopy team to ensure that nursing and anaesthetic staff are aware of the vari-
ous stages of the procedure, including any site-specific challenges, such as those seen with
ileocaecal valve (ICV) lesions [17,22]. The pre-procedure discussion with the endoscopy
team should also include the expected procedure time, any required medications, such as
surgical antibiotic prophylaxis or local anaesthetic for anorectal junction (AR]) lesions, and
a check to ensure appropriate snares and ESD knives are available [23,24]. ER should only
be performed using carbon dioxide insufflation [25]. Required ancillary devices should be
in the room pre-procedure, including closure devices, such as through-the-scope clips, and
those used to treat intra-procedural bleeding, such as haemostatic forceps.

Intra-procedural planning starts with patient positioning. The optimal patient position
is to have the fluid pool opposite the lesion to maximise the effect of gravity on lesion
elevation and achieve a clear working field during tissue resection or for management of
any complications. Therefore, a supine or right lateral position may be required. Position
of the colonoscope to align the lesion at a 6 o’clock position is essential. Dependent on
location, a retroflexed position may improve access and optical assessment.

Thorough optical assessment is key. The risk of overt (optical features of SMIC present)
or covert (optical features of SMIC absent) cancer can be predicted based on LNPCP size,
location, morphology, granularity, and microvascular and surface pit patterns [13,26].
Several classification systems exist, including the Kudo pit pattern (KPP) and the Japan
Narrow-Band Imaging Expert Team (JNET) classification [27,28]. An understanding of
these systems is useful. A simple innovation to assist with familiarly and use is to place
large posters of these classification systems in endoscopy rooms and reporting areas. Benign
lesions have surface homogeneity with a regular pit and microvascular pattern (Figure 2).
High grade dysplasia or cancer within a benign lesion appears as a demarcated area of
disruption within this regular pattern (Figure 3). Such areas need to be very carefully
examined to ensure the correct optical diagnosis and treatment strategy.

Figure 2. A 35 mm granular Paris 0-Ila LNPCP in the mid-ascending colon, assessed using (a) high
definition white light, (b) narrow band imaging (NBI) and (c,d) near-focus with NBI, demonstrating
a homogenous pit pattern (Kudo pit pattern IV).
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Figure 3. A 20 mm sessile serrated Paris 0-Ila LNPCP in the proximal ascending colon, assessed
using (a,b) near focus and (c,d) near focus with narrow band imaging (NBI). There is a central well-
demarcated area with loss of homogeneity, neovascularization, dilated vessels and a non-structural
pit pattern (Kudo pit pattern Vy), suggestive of a deeply invasive cancer.

Traditionally, the accuracy of optical diagnosis for SMIC was evaluated across the
entire LNPCP spectrum and was found to have suboptimal utility. Recently, optical
assessment of flat (Paris 0-Ila) LNPCPs has been proven to be highly accurate [15]. In a
large, prospective, single-centre cohort study (1 = 1583), the sensitivity and specificity for
predicting cancer in Paris 0-Ila LNPCPs was 91% and 96%, respectively. The likelihood
that cancer would be missed in this study was 6 in 1000 cases. Optical diagnosis for SMIC
in nodular lesions is less accurate (sensitivity 53%, specificity 94%, missed SMIC 6%) [15].
Excluding those lesions with overt SMIC, a large multicentre, prospective study (n = 2277)
found that covert SMIC was associated with Paris 0-Is and Paris 0-Ila+Is morphology,
non-granularity, size and distal location [13]. Supporting this, a large prospective cohort
study (n = 3405) demonstrated that nodular rectal LNPCPs are more likely to contain SMIC
than non-rectal colonic LNPCPs (15% vs. 6%, p < 0.001) [26].

3. Resection

In 2023, a selective resection algorithm should be employed when considering a
therapeutic strategy for any colorectal polyp or neoplasm. This is based on optical diagnosis
for predicted histology, lesion size, morphology, surface granularity and location in the
colon.
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3.1. Diminutive (<5 mm) and Small (59 mm) Colorectal Polyps

The overwhelming majority of colonic polyps are diminutive (<5 mm) or small
(59 mm). CSP is safer and equi-efficacious compared to hot-snare polypectomy (HSP) for
the removal of these colorectal polyps. The absence of electrocautery all but eliminates the
risks of perforation and post-polypectomy bleeding [29,30]. Based on high quality data, en
bloc or oligo-piecemeal CSP should be used to resect these polyps [18,19].

3.2. Medium (10-19 mm) Colorectal Polyps

There is a paradigm shift toward C-EMR given its superior safety profile. A large,
prospective, multicentre cohort study (1 = 286 lesions) comparing conventional EMR to
C-EMR for 6-15 mm polyps favoured the use of C-EMR over EMR [31]. At present, US con-
sensus guidelines recommend either EMR or C-EMR for resection of lesions 10-19 mm [18].

3.3. Large (>20 mm) Non-Pedunculated Colorectal Polyps

Conventional EMR is the mainstay for ER of LNPCPs due to its superior safety,
efficacy and cost effectiveness compared to surgery and ESD [17-19,22]. High-quality
studies over the past 10-15 years have lead to improvements in the safety and efficacy
of EMR. These include the use of CO; for insufflation; addition of chromo-injectate into
the submucosal space; use of a systematic inject and sequential snare resection technique;
removing a 2-3 mm margin of normal mucosa; water expansion of the defect to identify any
residual adenoma; and recognition and management of significant DMI [25,32,33]. When all
visible adenoma has been excised, thermal ablation of the margin should be completed by
gently applying snare-tip soft coagulation (Effect 4, 80 W: ERBE Electromedizin, Tubingen,
Germany), aiming for a 3-5 mm rim of ablated mucosa [34]. In a large, prospective cohort
(n =390) comparing conventional EMR without and with thermal ablation, recurrence rates
reduced from 21.0% (37/176) to 5.2% (10/192), p < 0.001. No adverse events were attributed
to margin thermal ablation. Since its inception, application of this adjuvant technique has
improved. In a recent, larger multicentre cohort (1 = 1049), recurrence rates at 6-month
follow-up colonoscopy (SC1) were 1.4% (10/707) [35].

At present, given the paucity of data, conventional EMR is recommended over C-
EMR for LNPCP resection. The safety profile of C-EMR is appealing for the piecemeal
resection of Paris 0-Ila (flat, sessile) LNPCPs; however, the upper size limit that can be
effectively removed using C-EMR without excessive burden of recurrence is unknown.
Several ongoing large randomised controlled trials comparing EMR and C-EMR for non-
serrated LNPCPs (clinicaltrials.gov identifier: NCT04138030; NCT04418843) aim to provide
clarity on this issue. The next important RCT will compare C-EMR to C-EMR with thermal
ablation of the margin (clinicaltrials.gov identifier NCT05041478).

In contrast to adenomatous LNPCPs, C-EMR is always the primary modality for ER
of serrated LNPCPs, irrespective of size [36]. A large study (n = 562) of serrated lesions
found no difference in technical success and recurrence rates between EMR and C-EMR
groups; however, bleeding (0% vs. 5.1%) and significant deep mural injury (DMI) (0% vs.
2.8%) were more common in the EMR group.

3.4. Special Considerations

Site specific considerations and technique modifications may be needed for LNPCPs
located at the ICV, appendiceal orifice, surgical anastomosis, or an AR]J or those which are
circumferential [16,37-39].

The rectum should be regarded as a complex high-risk site, with distinct challenges
compared to the colon. This is not due to its technical limitations, but due to its increased
risk of covert SMIC [26,40]. Furthermore, the consequences of failed endoscopic cure
include consideration of the most hazardous and complicated forms of colorectal surgery,
including permanent ostomy formation [41]. Patients with rectal lesions removed using a
low or ultra-low anterior resection have an increased risk of incontinence (12%) [42] and
sexual dysfunction (20-46%) [43], and a 10-20% risk of permanent stoma [44,45]. Low
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anterior resection has a 30-day morbidity and mortality of 25% and 6%, respectively [46].
Postoperative complications have been associated with negative economic impact, in-
creased morbidity, extended postoperative hospital stay, readmission, sepsis and death. ER
is organ-sparing and minimally invasive, which enables avoiding wound infections as well
as other postoperative complications after open surgery, which cause pain and suffering to
patients [47].

In a large, multicentre observational study (1 = 618), rectal LNPCPs were more likely
to have nodular morphology (53% vs. 17%, p < 0.001) and contain cancer (15% vs. 6%,
p < 0.001) compared to LNPCPs in the remainder of the colon [26]. Endoscopic en bloc
resection for any LNPCP with a nodular component is critical with the aim of achieving an
RO (curative) resection. This requires meticulous planning.

ESD was developed as an ER technique for the curative treatment of early gastric
cancer. ESD is now an established technique in the colo-rectum. It is typically performed
with a generous submucosal injection, in a retroflexed position for improved scope stability,
and using an improved more parallel angle of the cutting plane. Dissection is performed
using an electrosurgical knife. Technique has improved over the past 10 years, aided by
internal and external traction devices as well as techniques such as pocket creation ESD.

EMR and ESD are complementary techniques for resection of rectal LNPCPs. A
selective resection algorithm (SRA) has demonstrated superior outcomes compared to a
universal EMR algorithm (UEA). In a large study (n = 480) comparing an SRA to a UEA,
LNPCPs underwent ESD if they had features suggestive of superficial overt SMIC (1000 pm,
KPP Vi) or covert SMIC (Paris 0-Is or a dominant nodule). All (n =7, 100%) LNPCPs with
SMIC amenable to RO resection that underwent ESD were cured [16]. A rectum-specific
SRA avoids the piecemeal resection of cancer.

Until recently, the management of covert SMIC discovered after piecemeal ER has been
challenging. A recent observational study (n = 3372) identified 143 (4.2%) cases with covert
SMIC post piecemeal resection [48]; 109 cases underwent surgical resection, and 62 (63%)
cases had no residual cancer. All cases with residual intramucosal cancer (1 = 24) could
be identified by a R1 histological deep margin. Cases with poor differentiation and/or
lymphovascular invasion had a high risk of lymph node metastases (12/33); there was a
very low risk without these features (<1%, 0/35). The majority of patients with covert SMIC
resected piecemeal had no residual malignancy. The risk of malignancy can be predicted
by poor differentiation, lymphovascular invasion and an R1 deep margin.

Prevention of bleeding by prophylactic treatment of medium and large vessels with
coagulating forceps is key. Bleeding stains the mucosa, impeding views, and leading to
a higher risk of incomplete resection. Treatment of bleeding can char the mucosa, also
obscuring views. Given its resource intensive, time consuming nature, this technique is best
reserved for lesions with superficial overt SMIC or a high risk of covert SMIC. In clinical
practice, this limits its use predominantly to the rectum [24].

Previously attempted LNPCPs are common and present a unique set of challenges.
Due to the dense submucosal fibrosis, submucosal lift if often unsuccessful. A large
observational study (n = 1292) demonstrated that with the use of auxiliary these lesions
can be effectively resected by EMR. CAST was used in 73 (46.2%) cases. No recurrence
(n =0, 0%) was identified in any previously attempted LNPCPs that underwent margin
thermal ablation, demonstrating that EMR is effective for resection of these lesions [49].

3.5. Complications
3.5.1. Deep Mural Injury

Significant DMI (Deep Mural Injury Types III-V) was previously a feared intra-
procedural complication, with a frequency of approximately 3% [40]. However, due to
an improved understanding of risk factors, earlier recognition and advances in closure
devices, such as through-the-scope clips, significant DMIs can now be successfully man-
aged [40,50]. In a large, prospective cohort (n = 911), significant DMI was associated with
attempted en bloc resection, advanced histopathology and transverse colon location [50]. In
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a large, prospective cohort (1 = 3717), significant DMI occurred in 2.7% (101/3717) of EMR
resections (median lesion size 35 mm, interquartile range 25-45 mm). Successful defect
closure occurred in 97.0% (98/101) of cases. There were no differences found between DMI
and non-DMI cases in terms of technical success or recurrence [40].

3.5.2. Post-Procedural Bleeding

Prophylactic treatment of visible vessels within a defect post EMR has been previously
investigated. In a multicentre RCT (1 = 347, 55.3% proximal colonic lesions), prophylactic
endoscopic coagulation of all visible vessels within the post-EMR defect did not reduce clin-
ically significant post-EMR bleeding compared to no treatment (5.2% vs. 8.0%; p = 0.30) [51].
Post-resection defect closure for right-sided lesions using through-the-scope clips has been
shown to reduce clinically significant post-EMR bleeding from 10.6% (12/113) to 3.4%
(4/118), p = 0.031 [52].

Post-ER bleeding has a frequency of 6-7%, dependent on defect location and the
selected ER modality. Bleeding typically does not require intervention, and these cases are
managed conservatively in >50% of cases [53].

4. Post-Resection
4.1. Post-Operative Care

Post-resection instructions and communication with nursing staff, patients and their
next-of-kin are important to ensure early recognition and management of any adverse
events or complications. Recovery staff should receive a verbal handover and a written
endoscopy report from the proceduralist, including any complexities or nuances of the case.
Dependent on the procedure type, patients should remain fasting for at least 2 h or until
they have been examined by the proceduralist. After clinical assessment, if the patient is
well, they can commence a clear fluid diet.

The patient should receive a copy of their report. Dietary instructions should be
highlighted and details of the best hospital contact should be clear, should the patient
have any issues or questions overnight. Most patients can be discharged home the same
day, but an endoscopy team member should contact the patient the following day for a
telehealth assessment.

4.2. Surveillance

Guidelines recommend a follow-up surveillance colonoscopy 6 months
post-ER [18,19,54]. Surveillance post-ER is essential to evaluate the previous resection site
and to exclude synchronous lesions [55]. Co-existent advanced pathology (polyps > 10 mm
or with a villous component or high-grade dysplasia) is reported to occur at surveillance in
10-20% of cases [55,56].

The previous ER site can be identified by a bland pale area, sometimes with anatomic
distortion of the mucosal folds [57]. A standardised imaging protocol for optical assess-
ment of the scar should include high definition white light and narrow band imaging (NBI,
Olympus, Inc, Tokyo, Japan) [57]. Optical scar assessment is accurate. A recent multicentre
single-blind cross-over trial (1 = 203) to compare NBI and high definition white light for
the assessment of recurrence or residual adenoma at a post-EMR scar reported a negative
predictive value (NPV) > 90% (NPV 96% using NBI, NPV 93% using high definition white
light) [58]. Use of NBI was not superior to high definition white light (p = 0.06) [58]. Expert
consensus is that a biopsy is not needed for a bland scar with a uniform pit pattern [57].
Common mimics of recurrence include clip artefact and inflammatory nodules. If an
abnormality is suspected, this area should be excised and ablated, as described in a pro-
posed Westmead algorithm for evaluating recurrence [59]. Techniques include cold-snare
resection or cold-forceps avulsion with adjuvant snare-tip soft coagulation (CAST), margin
ablation and clip closure if any DMI > Type 2 [34,50,60].
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5. Conclusions

ER is organ-sparing and minimally invasive. It is the recommended primary manage-
ment strategy for the excision of LNPCPs, supported by high-quality studies. Referral to an
expert endoscopist, rather than for surgery, is the standard of care for all patients with an
LNPCP. Predicted histopathology underpins the selective resection algorithm and accounts
for lesion size, site, granularity, pit pattern and morphology. These resection decision
strategies have revolutionised management of LNPCPs. Compared to surgery, they have a
lower morbidity and mortality, and are more cost-effective. Unnecessary surgery remains
an important issue, and can be overcome by greater awareness of the efficacy and superior
risk profiles of ER.
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Simple Summary: Among individuals with gastro-esophageal reflux disease, the prevalence of
histologically confirmed BO is around 7%, with variations according to different geographical regions.
Since Barrett’s oesophagus may progress to cancer through various stages of dysplasia, a correct
diagnosis is pivotal in the management of patients with Barrett, made through accurate endoscopic
examination and tissue sampling. The management of BO depends most strongly on the presence
and severity of dysplasia, thus regular endoscopic surveillance and biopsies are required to monitor
for neoplastic progression. In the presence of Barrett’s-associated neoplasia, endoscopic treatments
are utilised, including resection techniques and ablation therapies, and long-term data support
their safety and efficacy. However, they are not without risk, and for the optimal management of
BO-associated neoplasia, it is recommended that patients are referred to expert centres.

Abstract: Barrett’s oesophagus is a pathological condition whereby the normal oesophageal squa-
mous mucosa is replaced by specialised, intestinal-type metaplasia, which is strongly linked to
chronic gastro-oesophageal reflux. A correct endoscopic and histological diagnosis is pivotal in
the management of Barrett’s oesophagus to identify patients who are at high risk of progression to
neoplasia. The presence and grade of dysplasia and the characteristics of visible lesions within the
mucosa of Barrett’s oesophagus are both important to guide the most appropriate endoscopic therapy.
In this review, we provide an overview on the management of Barrett’s oesophagus, with a particular
focus on recent advances in the diagnosis and recommendations for endoscopic therapy to reduce
the risk of developing oesophageal adenocarcinoma.

Keywords: Barrett’s oesophagus; endoscopic treatment; radiofrequency ablation

1. Introduction

Barrett’s oesophagus (BO) is a pathological condition that occurs due to metaplastic
change that starts within the distal oesophagus. Here, the normal squamous mucosa is
replaced by specialised intestinal-type metaplasia (SIM) that contains goblet cells [1,2].

Barrett’s oesophagus is linked to gastro-oesophageal reflux disease (GORD) as an
adaptive reaction to chronic reflux-induced damage [3]. The presence of reflux symptoms
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is significantly associated with an increased risk of BO, with the strongest association found
between weekly reflux symptoms and long-segment BO [4]. Globally, about 15% of the
general population experience reflux symptoms, with some areas reaching a prevalence
of 50% [5,6]. However, among individuals with GORD, the prevalence of histologically
confirmed BO is around 7%, with variations according to different geographical regions
that range from 4% in Asian countries to 14% in North America [7,8].

Endoscopic screening may be considered in patients with chronic GORD symptoms
who have at least three of the following risk factors: >50 years old, male sex, body mass
index (BMI) > 30 kg/ m?, and Caucasian ethnicity [7]. Also, the presence of hiatal hernia
should be considered a significant risk factor for BO, whereas no association has been found
between Helicobacter pylori infection and either endoscopically diagnosed or histologically
confirmed BO [9,10]. Nevertheless, if a family history of Barrett’s or oesophageal adeno-
carcinoma (OAC) is present, which should involve at least one first-degree relative, the
threshold for screening is lower [11].

Barrett’s oesophagus may progress to OAC through various stages: from non-dysplastic
BO (NDBO) to low-grade dysplasia (LGD), to high-grade dysplasia (HGD), and eventually
to OAC. The estimated annual risk of progression to OAC in NDBO is 0.3%, in LGD it is
1%, and the highest risk is in HGD, when it increases to 8% [12,13].

A correct diagnosis is pivotal in the management of patients with BO that is made
through accurate endoscopic examination and tissue sampling. This both helps to estab-
lish a formal diagnosis of BO and identifies subjects at high risk of progression towards
cancer. The management of BO depends most strongly on the presence and severity of
dysplasia, although other individual variables are important. Initial treatment relies on
lifestyle modification to reduce acid reflux with medications that suppress stomach acid
production. This is combined with regular endoscopic surveillance and biopsies to monitor
for neoplastic progression. In the presence of Barrett’s-associated neoplasia, more invasive
endoscopic treatments can be utilised, which include endoscopic mucosal resection (EMR)
and endoscopic submucosal dissection (ESD) for the removal of visible dysplasia and
endoscopic ablative techniques, including radiofrequency ablation (RFA) and cryotherapy,
to eradicate non-visible dysplasia.

In this review, we discuss all aspects of the management of BO with a particular
focus on recent advances in the diagnosis of SIM and the current evidence for endoscopic
therapies to reduce the risk of progression towards OAC.

2. Diagnosis of Barrett’s Oesophagus

Under normal conditions, the oesophagus is lined with a stratified squamous epithe-
lium, which has a light-coloured and glossy appearance upon endoscopic inspection [14].
The squamocolumnar junction, also known as the Z-line, is a macroscopically visible line
that marks the contact between the squamous and columnar epithelium. This is noticeable
in the distal oesophagus at the level of the gastro-oesophageal junction (GOJ). In BO, there
is proximal displacement of the squamocolumnar junction away from the GOJ [14]. The
metaplastic columnar mucosa of BO is easily visible by its reddish colour (often described
as ‘salmon-coloured’) and velvet-like texture compared to the pale and glossy squamous
mucosa [15].

The diagnosis of BO requires a combination of endoscopic and histologic criteria.
This involves the recognition of the abnormal distal oesophageal lining at the time of
upper gastrointestinal endoscopy, which is then supported by histological evidence of
a columnar-lined epithelium and an oesophageal SIM [14,16]. Consequently, oesopha-
gogastroduodenoscopy (OGD) is considered the current gold standard for the diagnosis of
BO [17].

An accurate diagnosis of BO relies on the precise delineation of the GOJ during
endoscopy. This allows for determining whether there is a proximal migration of the
squamocolumnar junction leading to a columnar-lined section of the epithelium within
the lower oesophagus. The most straightforward landmark to define the GOJ, and the
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recommended minimum requirement, is the proximal limit of the longitudinal stomach
folds with minimal air insufflation [18,19]. Thus, the initial endoscopic diagnosis of BO
can be carried out when the endoscopist detects the presence of >1 centimetre of salmon-
coloured mucosa extending proximally beyond the GO]J on the top of the gastric folds [20].
The use of incorrect landmarks for the GOJ can lead to a misclassification of BO, with a
negative impact on the early diagnosis of neoplasia [21].

Barrett’s oesophagus may appear during endoscopy as a lesion that extends segmen-
tally or circumferentially. Once BO is identified, the Prague criteria are used to measure
and classify its length, distinguishing between the circumferential extension (C) and the
maximum longitudinal extension (M) of Barrett’s metaplasia [22]. When the columnar
epithelium rises at least 1 cm above the GOJ, interobserver agreement between endo-
scopists using the Prague criteria is excellent. However, the interobserver agreement was
found to be poorer for shorter BO segments [14]. Moreover, short-segment BO is defined
as having <3 cm of metaplastic epithelium, while long-segment BO is defined as hav-
ing >3 cm of metaplastic epithelium above the GOJ [19]. An extension of the columnar
epithelium < 1 cm, and in the absence of any confluent columnar-lined segment, should be
considered as an irregular squamocolumnar junction rather than BO [11]. Indeed, patients
with GORD are more likely to harbour an irregular Z-line, and up to 40% of biopsies taken
from an irregular Z-line may contain intestinal metaplasia, but the relevance of this finding
is still to be established [23,24]. Since the diagnosis of an irregular Z-line is subjective, and
there is no accepted length cut-off to distinguish between an irregular Z-line and BO, it
is suggested that 1 cm (M of the Prague criteria) should be the minimum length for an
endoscopic diagnosis of BO. In general, biopsies are not recommended when an irregular
Z-line is encountered, but they may be performed to aid the diagnosis depending on the
degree of suspicion. If the biopsy specimens are taken within an irregular Z-line with no
clear endoscopic evidence of BO, they should then be labelled as GOJ and not oesophageal
biopsy samples [11].

However, the accuracy of a standard endoscopic examination with biopsy sampling
for BO diagnosis can be limited by several factors, including the endoscopist’s experience,
the endoscopes definition, and the location of biopsies. Thus, to improve the diagnosis of
oesophageal intestinal metaplasia and dysplasia, additional endoscopic procedures have
been suggested. The ultimate objective of these newer methods is to enhance the endoscopic
identification of curable Barrett’s-associated neoplasia while lowering the procedure time,
cost, and sampling error [25]. One of these procedures is chromoendoscopy, which has
been increasingly used to improve the yield of SIM in BO [26]. As the name suggests, it
involves the use of dyes, such as methylene blue, Lugol’s iodine, indigo carmine, and acetic
acid, which help to improve the detection rates by highlighting various features of the
oesophageal mucosa [26,27]. Absorptive stains, such as Lugol’s solution and methylene
blue, identify specific epithelial cell types by preferential absorption or diffusion across the
cell membrane. Contrast stains, such as indigo carmine, seep through mucosal crevices and
highlight surface topography and mucosal irregularities [28]. Lugol’s iodine is used for
recognizing squamous tissue, squamous dysplasia, and squamous cell carcinomas because
it preferentially stains the non-keratinised squamous epithelium [28]. This property makes
it a good choice for staining oesophageal lesions as it is taken up by oesophageal squamous
cells that contain glycogen [29]. However, it can be used to assess the success of the
endoscopic therapy, as residual islands of Barrett’s metaplasia are not stained by Lugol’s
iodine [29]. Methylene blue is a vital dye that may be used to detect BO because it is readily
absorbed by columnar intestinal-type cells [30]. However, recent findings suggest that the
detection of metaplasia by chromoendoscopy using methylene blue is not significantly
different compared to the conventional four-quadrant biopsy technique, although the
number of biopsies needed is significantly fewer [27,31]. Another factor to consider is the
potential DNA-damaging effect of methylene blue on the Barrett’s epithelium that may
discourage its use [32]. The concomitant use of carmine dye or acetic acid staining with
magnification endoscopy may enhance the recognition of different mucosal pit patterns in
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the columnar epithelium [29]. Chromoendoscopy with vital staining has been demonstrated
to identify more patients with short-segment BO. Short segments are associated with a low
yield of intestinal metaplasia (30-50%) when biopsy specimens are randomly acquired [33].
While chromoendoscopy significantly increases the detection of intestinal metaplasia and
limits the number of biopsies required in short-segment BO, it does not appear to be
beneficial in patients with an irregular Z-line (i.e., <1 cm of columnar mucosa in the distal
oesophagus) [33].

In recent years, virtual chromoendoscopy has become available, enabling more practi-
cal chromoendoscopy without the use of dyes. Several virtual chromoendoscopy technolo-
gies have been developed, including narrow-band imaging (NBI; Olympus, Tokyo, Japan),
blue light imaging (BLI; Fuyjifilm, Tokyo, Japan), and i-Scan (PENTAX Medical, Montvale,
NJ, United States), based on light filters or post-image acquisition processing [11]. In
comparison to standard resolution endoscopy, virtual chromoendoscopy allows for the
better visualisation of mucosal glandular and vascular structures. Most evidence has been
accumulated on the NBI system (Figure 1), including a prospective tandem study, which
demonstrated that NBI led to a significantly higher rate of both the detection and grade
of dysplasia with fewer biopsies [34]. Moreover, a recent meta-analysis of six studies
reported a high diagnostic accuracy of NBI with targeted biopsies for detecting dysplasia
of all grades compared to standard white light endoscopy with a standard biopsy pro-
tocol in a per-patient analysis. The authors reported a pooled sensitivity of NBI of 76%
(95%CI: 0.61-0.91) and a pooled specificity of 99% (95%CI: 0.99-1.00) [35]. However, the
interobserver agreement for the interpretation of virtual chromoendoscopy imaging is
not always optimal, which may be a limitation in clinical practice [36]. Nevertheless, the
increasing evidence for the potential benefits of virtual chromoendoscopy for the screening
and surveillance of BO has led to its use being recommended when inspecting Barrett’s
segments [37].

Figure 1. White light endoscopy, virtual chromoendoscopy (NBI), and virtual chromoendoscopy
(NBI) with magnification images of Barrett’s oesophagus.

Another recently developed diagnostic method is the confocal laser endomicroscopy
(CLE) method. After an intravenous fluorescein injection, the oesophageal tissue is illu-
minated using a blue laser. This technique reproduces in vivo real-time imaging at a high
magnification, allowing for the identification of suspicious lesions and for performing tar-
geted biopsies [38]. A meta-analysis aiming to assess the accuracy of CLE for the diagnosis
of neoplasia in BO, including more than 4000 lesions, showed a per-lesion pooled sensitivity
and specificity of 77% (95%CI: 0.73-0.81) and 89% (95%CI: 0.87-0.90), respectively [39].
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Thus, CLE appears to be very promising; however, its use is not currently recommended
routinely but rather as an adjunctive imaging technique to identify dysplasia and cancer in
select BO cases in expert centres [37].

When a diagnosis of BO is suspected during endoscopy, the endoscopist should
perform biopsies following the “Seattle protocol”. The presence of dysplasia within Barrett’s
mucosa is often patchy [40], which causes oesophageal biopsies to have a significant
sampling error [41]. This protocol was designed to minimise the chance of missing a
concealed lesion, which may be randomly distributed along the Barrett’s epithelium. This
protocol requires taking four-quadrant biopsy samples at every 1-2 cm intervals throughout
the columnar-lined oesophagus. In addition, areas of any mucosal irregularity such as
masses, nodules, and ulcerations must be sampled, as they are associated with a greater
likelihood of harbouring dysplastic tissue [25]. The adherence to recommended surveillance
procedures, such as the Seattle protocol, is associated with a higher dysplasia detection;
however, it requires a lot of time, effort, and money and is still prone to sampling errors [41].
Therefore, it is unsurprising that adherence to such a protocol was found to be low among
endoscopists, and adherence was inversely related to the length of the BO segment [41].

In Europe, the most widely used grading system for the histopathological diagnosis
of BO-associated dysplasia is the revised Vienna classification. This original system was
developed to standardise the terminology for the histological grading of gastrointestinal
mucosal neoplasms. This was because of discrepancies in the grading systems used around
the world for the categorisation of early neoplastic lesions. The system is versatile, dividing
early mucosal lesions into one of five categories, and can be used for other gastrointestinal
epithelial neoplastic or dysplastic lesions [42,43].

Three different types of columnar epithelia can be found in BO: a cardia-type epithe-
lium almost completely composed of mucus-secreting cells; a gastric fundic-type epithelium
with mucus-secreting cells, parietal cells, and chief cells; and an intestinal-type epithelium
that is characterised by the presence goblet cells [44]. BO fundic- and cardia-type epithelia
might morphologically look identical to the stomach’s columnar epithelia. However, most
of the professional guidelines concur that SIM is a necessary element for a formal diagnosis
of BO [45].

Upon histological analysis, cells with BO-associated LGD exhibit mild architectural
defects, an increased number of mitoses, and cytologic atypia, which includes an elevated
nuclear/cytoplasmic ratio and nuclear elongation [46]. In the presence of LGD on random
biopsies, the diagnosis should be confirmed by a second expert GI pathologist and referred
to an expert centre [11,47-50]. It is also recommended to confirm the diagnosis of LGD after
a surveillance interval of 6 months before offering endoscopic treatment [47-49]. Similarly,
the diagnosis of HGD should be confirmed by a second expert GI pathologist and referred
to a BO expert centre. Here, a repeat high-definition endoscopy should be completed to
identify and treat all visible abnormalities in the dysplastic mucosa [48]. Therefore, the
timing of endoscopic treatment is governed by the grade of dysplasia, and the visible
characteristics of the dysplastic mucosa will guide to the most appropriate endoscopic
therapy in the form of ablation or resection (Table 1).

Table 1. Guidelines on Barrett’s oesophagus management.

Scientific Authors, Year

If maximum length > 3 cm,

be offered.

resection and RFA

Society [Ref] ND-BO LGD-BO HGD-BO
° Repeat endoscopy in ° OGD in tertial
. . 6 months. referral centre.
g Fit: 1d
5 b S [f maximum length < 3 cm, If LGD is confirmed, If macroscopically visible
2 BSG etal., 2014 [11] repeat OGD every 3-5 years. nd ic ablation should lesion, end ;
g Di Pietro et al., endoscopic ablation shou esion, endoscopic
m

2018 [47]

repeat OGD every 2-3 years.

If ablation is not undertaken,

6-monthly surveillance.

If flat lining, RFA
treatment.
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Table 1. Cont.

Sc1et'1t1ﬁc Authors, Year ND-BO LGD-BO HGD-BO
Society [Ref]
Repeat OGD at a BO expert All visible abnormalities
. . should be removed by
° If columnar-lined centre in 6 months. . .
o endoscopic resection
oesophagus < 1 cm, no If no dysplasia is found, techniques
“ surveillance. repeat after 1 year. After ques. -
& If no suspicious visible
5] . If BO >1cmand <3 cm, two subsequent . . s
a, ESGE Weusten et al., R . lesions, take biopsies; if
9 2017 [48] repeat OGD every 5 years. endoscopies negative for neeative for dvsplasia
La . If BO > 3 cm and < 10 cm, dysplasia, follow standard & ysp 4
. repeat endoscopy at 3
repeat OGD every 3 years. surveillance for ND-BO. months; if HGD
. If BO >10 cm, refer to a BO If LGD is confirmed, . .
. X confirmed, endoscopic
expert centre. endoscopic ablation should .
be offered ablation, preferably
: with RFA.
Repeat examination within Flat HGD should prompt
3-6 months to rule out a repeat HD-WLE (6-8
visible lesions, which weeks) to evaluate for the
. No endoscopic treatment should prompt endoscopic presence of a visible
AGA Sharma et al., indicated. resection. lesion; these visible
2020 [49] . No indications on Both endoscopic therapy lesions should be
endoscopic surveillance. and continued surveillance removed by EMR.
are reasonable options for Endoscopic therapy is the
e the management of preferred treatment over
.§ LGD-BO. oesophagectomy.
-
QE) Discuss risks and benefits of
< surveillance vs endoscopic
. If<lcm sa'lmon-lcoloured therapy.
mucosa or Ireguiar If surveillance, endoscopy Endoscopic resection of
ACG Shaheenetal., ® Z-line, no biopsy. every 6 months for one year, all visible lesions followed
2022 [50] e IfBO<3cmlength, then annually. by ablation of the
° repeat OGD every 5 years. If endoscopic therapy, remaining BO.
° IfBO > 3 cm length, resection of all visible
e  repeat OGD every 3 years. lesions followed by ablation
of the remaining BO.
. Endoscopic resection for
° No proven benefit in Cons@ er treatment or BO with HGD and
9] . . surveillance. . o
&= endoscopic surveillance of . carcinoma in situ when
5 . N If treatment, resect visible . .
I Asia- BO in the absence of . visible lesions.
[ Pacifi Focketal., . lesions. In the absence of
p acific dysplasia. . . RFA to ablate all BO.
El 2016 [51] . focal lesions, consider RFA.
g consensus . If surveillance, OGD every If surveillance, repeat Surgery can be an
< 3-5 years with  TeP! alternative to endoscopic

biopsy protocol.

endoscopy in 6 months to
confirm LGD.

resection (with or

without RFA).

BSG: British Society of Gastroenterology, ESGE: European Society of Gastrointestinal Endoscopy, AGA: American
Gastroenterological Association, ACG: American College of Gastroenterology, ND-BO: non-dysplastic Barrett’s
oesophagus, LGD-BO: low-grade Barrett’s oesophagus, HGD-BO: high-grade Barrett’s oesophagus, OGD: oesoph-
agogastroduodenoscopy, RFA: radiofrequency ablation

3. Endoscopic Resection Techniques for Dysplastic Barrett’s and Early Oesophageal
Adenocarcinoma

The main goal of an accurate endoscopic examination is to identify any suspicious
lesions that require removal. For visible neoplasia, endoscopic resection (ER) is recom-
mended. Elevated lesions are more likely to harbour neoplasia in comparison to flat lesions,
but both require ER before ablation to increase the success of remission [52]. Moreover,
one of the advantages of ER over ablation is that it allows for an accurate histological
examination of the whole lesion. Indeed, changes in the histological stage after ER have
been reported in up to a third of cases compared to initial biopsies, thus ensuring optimal
management [17].

The two main ER techniques are EMR and ESD. The recent European Society of
Gastrointestinal Endoscopy (ESGE) guidelines suggest using EMR for lesions <20 mm that
have a low probability of submucosal invasion (i.e., Paris type 0-Ila, 0-IIb) and for larger or
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multifocal benign lesions. ESD should be performed for lesions suspicious for submucosal
invasion (i.e., Paris type 0-Is, 0-Ilc), for malignant lesions >20 mm, and for lesions in scarred
or fibrotic areas [53]. Moreover, for deep excavated lesions (Paris type 0-III), ER is not
recommended due to the high risk of deep invasion and lymph-node metastasis [54].

Early mucosal OAC, known as T1a, has a low risk of lymph node metastasis on sys-
tematic review (estimated around 2%), which means early, small lesions may be eligible for
EMR [55]. A trial on 107 patients with BO-related lesions who were eligible for endoscopic
treatment showed complete endoscopic eradication with EMR in 80% that included a T1a
OAC in 36% [56].

With EMR, smaller lesions are usually resected en-bloc, whereas larger ones require
multiple resections using the so-called piecemeal approach. Endoscopic mucosal resection
can be performed using two main techniques: cap-snare and band-ligation. With the
cap-snare technique, the lesion is first lifted and then drawn into the cap and resected by a
snare. The band-ligation technique involves the release of an elastic band at the bottom
of the lesion, which generates a pseudopolyp that can then be resected by a hot snare
(Figure 2).

Figure 2. Endoscopic mucosal resection using multiband mucosectomy technique. (A) Evidence
of a Paris Is nodule at 9 o’clock within a segment of Barrett’s oesophagus; (B) plan for endoscopic
mucosal resection using a multiband mucosectomy set that is applied over-the-scope; (C) the nodule
is banded and a snare is placed around the lesion to enable resection; (D) final endoscopic view of
the resection base.

The efficacy of both EMR techniques is comparable, although band-ligation is most
commonly performed given its comparable ease and shorter time [20]. A comparative
study between the two techniques has shown no significant differences in the maximum
diameter of the resected specimen (approximately 16 x 11 mm for band-ligation versus
15 x 10 mm for cap-snare) nor any differences in the maximum diameter of the resected
ulcer base after 24 h (approximately 21 x 14 mm for band-ligation versus 19 x 13 mm for
cap-snare). In the same study, the overall complication rate was 2%, and the failure rate of
ER was 7% with no significant differences between the two groups [57].

The ESD technique implies the use of an electrosurgical knife to dissect the submucosa
underneath the lesion. Submucosal dissection is achieved after the injection of a lifting
agent, which subsequently enables an en-bloc resection. This technique is particularly
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useful for the resection of large oesophageal lesions. Indeed, a higher percentage of en-bloc
resections and subsequent lower rates of recurrence have been reported with ESD over
traditional EMR [20,54].

Compared to surgery, ER appears effective for patients with dysplastic BO and early
Tla OAC with a better safety profile [20]. In a meta-analysis of 7 studies that included
870 patients with HGD or Tla OAC, there was no significant difference in neoplastic
remission or overall survival between surgery and endotherapy (ER and ablation). There
was a higher rate of major adverse events in those undergoing surgery, whereas those
having endotherapy had a higher rate of neoplasia recurrence, although most could be
retreated successfully with endotherapy [58].

Endoscopic resection with ESD may be an alternative to surgery for T1b OAC, es-
pecially in patients who are poor surgical candidates. This is particularly true when the
risk of lymph node metastasis is deemed low. Histopathological characteristics of T1b
tumours associated with a low risk of lymph node metastasis include a tumour infiltra-
tion depth < 500 pm, the absence of poor differentiation, the absence of lymphovascular
invasion, and clear deep resection margins (R0) [48]. The ability to achieve an RO resection
with ESD was determined in a retrospective cohort study that showed a rate of 87% for Tla
OAC and 49% for T1b OAC [59].

A randomised clinical trial compared EMR to ESD for 40 patients with BO and HGD
or early OAC, reporting that both ER techniques appeared to be highly effective in terms of
the need for surgery, neoplasia remission, and recurrence [60]. Moreover, ESD achieved
significantly higher en-bloc (R0) resection rates compared to EMR (59% vs. 12%), but the
overall remission rates at 3 months were similar (94% vs. 94%); ESD was, however, more
time consuming and caused severe AE more frequently [60].

A recent prospective study on 537 patients who underwent cap-assisted EMR or ESD
followed by ablation showed that complete remission of dysplasia was higher in the patients
treated with ESD compared to EMR at 2 years. Complete remission of intestinal metaplasia
was similar in both groups, and there were no significant differences in complications [61].

The most common complication of ER is an oesophageal stricture, followed by bleed-
ing and perforation. Strictures are related to the extension of the resected mucosa, with the
risk increasing as the length of the circumferential resection increases. Perforation rates
after EMR and ESD range between 0-5% and appear to be higher with ESD. Bleeding is
common, but it is usually controlled with endoscopic haemostatic treatment. Admission
for uncontrolled bleeding after ER is rare [62]. Konda et al., reported on the rates of compli-
cations among patients undergoing EMR. The rate of stricture formation was 41.5% (38%
symptomatic), bleeding 3%, and perforation 19% [56].

After successful resection, recurrence rates up to 30% over 3 years have been observed for
patients in whom the remaining BO is left untreated. Moreover, several studies have shown
benefits in the outcomes of patients treated with RFA compared to endoscopic surveillance
without any treatment, resulting in a reduced risk of neoplastic progression after RFA [63,64].
Therefore, endoscopic ablation is currently a guideline recommendation to achieve the com-
plete eradication of all the remaining BO after ER of visible lesions [47-51].

Overall, straightforward cases should be managed following the current guidelines
for BO follow-up and treatment (Figure 3). However, more complex cases require a
case-by-case evaluation, taking into account several factors including institutional ex-
perience, the lesion’s characteristics, and the patient’s comorbidities and preferences,
and they should therefore be discussed at MDT meetings in order to establish the most
appropriate management.
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Figure 3. Endoscopic management of Barrett oesophagus based on the BSG guidelines [47].

4. Ablation Treatments for Barrett’s Oesophagus

Endoscopic ablation of BO aims to destroy the abnormal mucosa to prevent further
neoplastic progression. When discussing ablation techniques, it is crucial to emphasise
that tissue disruption is limited to the mucosa. In addition, tissue coagulation prevents the
acquisition of tissue for histological characterisation. This means that the endoscopist must
be confident that the disease is limited to the mucosa to ensure complete eradication and
avoid luminal or extraluminal recurrence.

Historically, several techniques have been used with different degrees of success. In
the early 1990's, cases of BO ablation were reported using a neodymium-doped yttrium
aluminium garnet (YAG) argon laser and photodynamic therapy [65-69]. These techniques
were progressively abandoned in favour of argon plasma coagulation (APC) and multipolar
electrocoagulation that were introduced later in the decade [70,71]. Their role in clinical
practice remained controversial and not defined for almost a decade; in 2004, the American
Gastroenterological Association workshop recognised the potential role of mucosal ablation
in a subgroup of Barrett’s patients. However, the selection criteria for patients that might
benefit from mucosal ablation were not discussed by the working group [72]. More robust
data were collected with the introduction of radiofrequency ablation (RFA), and the role of
mucosal ablation was progressively recognised and advocated for by societal guidelines
from the late 2000s and early 2010s [11,73,74].

At present, endoscopic ablation of BO is recommended for the treatment of residual
BO following resection of any visible lesions and in patients with confirmed LGD to reduce
the risk of progression toward more advanced neoplastic alterations, such as HGD and
OAC [11,47,50].

As mentioned, several ablation techniques have been implemented over the last
decades that can be carried out either by heating (e.g., RFA or APC) or freezing (e.g.,
cryoablation) to destroy the Barrett’s epithelium. RFA is the most widely used in clinical
practice; this technique uses a bipolar electrode in direct contact with the oesophageal
mucosa to generate heat and induce a coagulative necrosis of the targeted mucosa. Among
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all the ablation techniques, RFA has the largest body of evidence, and its safety and efficacy
has been evaluated in several studies including randomised trials and meta-analyses [75].

In 2009, Shaheen et al., published a randomised trial comparing ablation in BO-
associated dysplasia compared to a control group using RFA. The rate of eradication in
the patients with LGD was 90.5% compared with 23% in the control group, and the rate
of eradication of HGD was 81% compared with 19% in the control group. The patients
treated with RFA also had a significantly reduced disease progression (4% vs. 16%) and
fewer cancers (1% vs. 9%), albeit with a stricture rate of 6% [76].

A subsequent large cohort study was published reporting the outcomes of 335 patients
from the UK National Halo RFA Registry. This demonstrated eradication rates of 81%
among all cases of BO-associated dysplasia after 12 months of treatment with a better re-
sponse for short-segment BO [77]. The same authors showed an improvement in dysplasia
and intestinal metaplasia clearance rates over the 6 years of observation from 77% to 92%
and from 56% to 83%, respectively (p < 0.0001). In addition, the study demonstrated an
increase in ER using EMR for visible lesions from 48% to 60% (p = 0.013) and a reduction in
the rescue EMR following RFA from 13% to 2% (p < 0.0001). However, progression to OAC
at 12 months remained statistically non-significant (3.6% vs. 2.1%, p = 0.51) [78].

Similarly, in 2014, Phoa et al., published the results of the SURF study showing that
RFA is effective in treating LGD and eradicating BO. They achieved a complete eradication
of dysplasia in 93% vs. 28% in the control group and a complete eradication of intestinal
metaplasia in 88% vs. 0% in the control group (p < 0.001). This resulted in a reduced risk of
progression to HGD or OAC by 25% and 7%, respectively. This study also showed that RFA
presents an acceptable safety profile, with the most common adverse event being stricture
formation that occurred in 12% of cases, which were treated with endoscopic dilatation [63].
The same cohort was analysed retrospectively after a median follow-up of 73 months in
the study by Pouw et al. They reported a reduction in the absolute risk of BO progression
following RFA of 32%, with only one case of progression to HGD/OAC in the RFA group
(1.5%) during the follow-up compared to 23 cases in the surveillance group (34%). RFA
achieved a complete BO clearance in 75 out of 83 patients, giving an eradication rate of 90%.
Following RFA eradication, BO recurred in seven (9%) patients, of which three (4%) were
diagnosed with LGD [64].

More recently, a prospective randomised study by Barret et al., showed a modest
reduction in LGD and risk of progression at 3 years; indeed, the prevalence of LGD was
34% in the RFA group vs. 58% in the surveillance group (OR = 0.38; p = 0.05). Neoplastic
progression was significantly higher in the surveillance group at 26% versus 12.5% in
the RFA group (p = 0.15). A total of 22 adverse events were reported in the RFA group
including bleeding or oesophageal stricture formation compared to no adverse events in
the surveillance group. For this reason, the authors concluded that there was reduction
in LGD prevalence and progression risk at three years The modest results in their study
suggested that the risks and benefits of ablation should be weighed up carefully before
proceeding to treat LGD dysplasia given the not-insignificant risk of complications after
RFA [79].

In order to summarise these results, a recent meta-analysis by Shaheen [76], Phoa [63],
and Barret [79] concluded that the pooled rate of progression of LGD to HGD or OAC
was significantly lower in the RFA group than with endoscopic surveillance (RR 0.25;
p = 0.04); however, the pooled risk of progression of LGD to OAC was slightly lower but
not statistically significant (RR 0.56; p = 0.65). The patients in the RFA group also presented
higher rates of complications including fever, bleeding, vomiting, nausea, and oesophageal
strictures; hence, treatment options should be carefully weighed given the potential risk of
oesophageal strictures following RFA treatment [80].

These data would suggest that, given the risk of potential complications and the
heterogeneous rate of eradication, patient and centre selection remains paramount. In a
retrospective analysis conducted in a French high-volume centre, including 96 consecutive
patients with BO treated for dysplasia, there was a 59% rate of complete intestinal metapla-
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sia eradication, a 79% rate of complete eradication of dysplasia, and a structure rate of 14%
following RFA [81].

Catheter selection is another important aspect that is important to avoid overtreatment.
There are different RFA catheters that can be used in practice depending on the clinical
needs. In most scenarios, an over-the-scope RFA catheter can be used, which may include
the Barrx 60, 90, and ultra-long catheters (Figure 4). These catheters differ in the dimension
of the bipolar electrode, which includes a 15 mm long by 10 mm wide (Barrx 60), a 20 mm
long by 13 mm wide (Barrx 90), and a 40 mm long by 13 mm wide (Barrx ultra long)
electrode. A through-the-scope device is also available (Barrx channel 15.7 mm long by
7.5 mm wide) that has a flexible bipolar electrode, which is folded and passed into the
working channel of a standard gastroscope. This device is particularly useful to target
smaller Barrett’s segments or treat patients with strictures that might not accommodate
larger over-the-scope devices. For long circumferential segments, the use of a Barrx 360
express device can be considered. This lies separate to the scope and is inserted over a
guidewire. It consists of a self-inflating and self-sizing balloon that is covered by a winding
RFA electrode measuring 4 cm in length.

Figure 4. Radiofrequency ablation of dysplastic Barrett’s segment using a focal catheter. (A) Evidence
of dysplastic Barrett’s segment undergoing ablation therapy; (B) over-the-scope ultra Barrx 90 focal
RFA catheter with an area of ablated mucosa at 9 o’clock; (C) final endoscopic view following ablation
of all Barrett’s segments.

Among these, the Barrx 360 express might present the highest rate of patient-related
and device-related adverse events. In a recent post-marketing surveillance data analysis
from August 2011 to August 2021 from the Food and Drug Administration’s Manufacturer
and User Facility Device, a total of 87 patient-related adverse events including 15 strictures
(17.2%), 13 mucosal laceration (14.9%), and 10 episodes of chest pain (11.4%) were reported
in addition to 78 device-related malfunctions for RFA devices. The Barrx 360 express was
involved in 61% of patient-related adverse events and 67% of device malfunction events; all
the 15 oesophageal strictures secondary to treatment occurred with circumferential ablation
devices [82].

Argon plasma coagulation is one of the first methods that was used to treat BO.
Technically, APC is a non-contact thermal ablation technique that uses a through-the-scope
catheter to deliver argon gas to the targeted mucosa. The gas is ionised when in contact with
a high-voltage current on the tip of the catheter, and the resulting plasma causes thermal
tissue coagulation. In 2006, the APBANEX prospective multicentre study showed a 77%
rate of complete eradication of non-neoplastic BO treated with APC (90 W) in combination
with esomeprazole 80 mg/day [83]. Following this, a randomised pilot study (the BRIDE
study) has suggested that APC might have a similar efficacy and safety compared to RFA
for the treatment of BO with HGD or OAC, with a more favourable cost difference [84].

APC can also be delivered following a submucosal injection of saline; this technique is
known as hybrid APC (H-APC). The proposed advantage of the submucosal injection is to
insulate and protect the subepithelial layers of the oesophagus, resulting in a lower stricture
rate. An ex-vivo animal study showed that H-APC could reduce the coagulation depth

69



Cancers 2023, 15,4776

compared to traditional APC and minimise thermal injury to the submucosal and muscular
layers [85]. The same authors conduced a pilot study showing that H-APC achieved a
complete macroscopical remission in 48 out of 50 treated patients (96%) after a median of
3.5 sessions (range 1-10). In this study, the histopathological eradication of BO was 78%,
and the stricture rate was 2% [86].

Additional pilot studies and case series are available on the use of H-APC. The largest
prospective study to date enrolled 146 patients and reported that, after 2 years, a total of
85 (66%) patients presented no recurrence of BO. In this study, H-APC showed an adverse
event rate of 6%, with a stricture rate of 4% [87].

A recent systematic review and meta-analysis, pooling data from seven studies on
H-APC, showed an overall complete remission rate of intestinal metaplasia of 91%, with an
overall adverse event rate of 3%, including a stricture rate of 2%. However, as mentioned
by the authors, the inclusion of non-controlled studies, retrospective cohorts, and case
series might have lowered the overall quality of evidence [88]. Therefore, APC appears
to be a safe and effective technique for the treatment of dysplastic Barrett’s; however, its
use might be limited when long segments of BO need to be eradicated. Therefore, this
technique should be considered in cases of short or focal segments of metaplasia or those
refractory to RFA [89].

Other methods based on cold ablation have also been tested. The most recent literature
on cold ablation refers to a C2 cryoballoon ablation system (CbAS). This consists of a though-
the-scope self-inflating, self-sizing balloon catheter, which is attached to a controller that
regulates a flow of nitrous oxide into the balloon to freeze the oesophageal mucosa. Cellular
disruption is obtained following intracellular ice crystal formation that alters the cellular
architecture. This technique does not require energy generation and might be particularly
suited to treat segments of BO in patients that have strictures which cannot be traversed
with an RFA catheter. Initial evidence showed that CbAS is safe and effective for the
treatment of short-segment BO, with a 95% rate of complete eradication of dysplasia and
intestinal metaplasia [90]. In a larger study including a total of 120 patients with LGD, HGD,
and intramucosal adenocarcinoma, CbAS achieved a complete eradication rate of dysplasia
and intestinal metaplasia of 97% and 91%, respectively, with a stricture rate of 12.5% [91].
A systematic review and meta-analysis of 272 patients showed a pooled rate of compete
eradication of intestinal metaplasia and dysplasia of 86% and 94%, respectively, with an
adverse event rate of 12.5% [92]. A retrospective study showed a comparable outcome for
dysplastic BO treatment compared to RFA, with a possible higher stricture rate (10.4% vs.
4.4% p = 0.04) [93]. A large, prospective, European, multicentre study (EURO-COLDPLAY)
is investigating the efficacy and safety of a focal cryoballoon for the treatment of BO, and
an interim analysis has suggested using an 8 s rather than a standard 10 s duration of
treatment. This is because the BO regression rates were similar, but there was a theoretical
lower rate of stricture formation [94]. Novel cryoballoon devices should be implemented
soon to treat larger segments of BO [95,96].

5. Failure of Therapy

Despite several advancements, the treatment of BO with a single technique might not
achieve complete eradication. Therefore, a multimodal approach might be required for
selected patients. Mittal et al., suggest considering further diagnostic tests and a multi-
modal approach in patients without a significant response after three sessions [97]. van
Munster et al., retrospectively analysed the outcomes of patients undergoing RFA from the
nationwide Dutch registry. In their study, 134 out of 1386 patients had poor mucosal healing
following RFA that could be resolved with appropriate acid suppression and additional
time; indeed, 67 of those 134 patients (50%) had normal squamous regeneration, achieving
a complete eradication of BO in 97% of cases. These rates are similar to patients presenting
with normal mucosal healing, whereas the remaining 67 patients (50%) had poor healing
followed by poor squamous regeneration. A total of 74 out of 1386 patients (5%) with poor
squamous epithelial regeneration had a higher risk of treatment failure (64% vs. 2%) and
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an increased risk of disease progression (15% vs. <1%) when compared to patients achiev-
ing normal mucosal regeneration. This study also identified risk factors independently
associated with poor squamous regeneration such as higher body mass index, longer BO
segments, reflux oesophagitis, and <50% squamous regeneration after baseline ER [98]. The
same authors developed a model that identified other poor prognostic indicators associated
with complex treatment courses such as those with a BO length > 9 cm, the presence of
HGD or OAC, and poor squamous epithelial regeneration [99].

6. Follow-up after Ablation

Long-term data from the UK National RFA registry show a risk of cancer at 10 years
after ablation of 4% and a recurrence of dysplasia and intestinal metaplasia at 8 years
of 6% and 19%, respectively. Nevertheless, most cases were treatable with the same
modality [100].

Several post-RFA endoscopic surveillance intervals have been proposed; at present,
the ACG guidelines are felt to be the most cost-effective strategy, suggesting endoscopic
surveillance at 6 and 12 months followed by annual surveillance for patients with LGD, and
a more intense surveillance at 3, 6, 9, 12, 18, and 24 months followed by annual surveillance
for patients presenting with HGD [101].

van Munster et al., developed a prediction model of dysplasia recurrence after analysing
data from 1154 patients during a mean follow-up of 4 years. During this time, a total of
38 patients developed recurrent disease (1% per person-year), and the authors identified
some factors associated with recurrence such as the presence of new incident visible lesions
during the treatment phase, a high number of endoscopic mucosal resections, male sex, an
increased length of BO, the presence of HGD or OAC at baseline, and younger age [102].
This study could pave the road to further studies aiming to define predictors of recurrence
for a more personalised surveillance strategy. This is particularly important because patients
with BO-associated neoplasia are often frail and co-morbid and, following a successful
endoscopic eradication therapy, are more likely to die from non-OAC causes [103].

7. Medical Management after the Endoscopic Treatment

Effective acid-suppression is considered to be an important condition for mucosal
healing and squamous regeneration of BO following endoscopic therapy. The AGA expert
review recommends the use of a proton pump inhibitor twice daily, and this was also further
highlighted in a more recent paper by van Munster et al. [49,98]. H2-receptor agonist and
sucralfate have also been used in European centres [104]; however, comparative studies on
these drug regimens are lacking, and no definitive recommendation has been given.

Pain relief is another aspect to take into consideration following endoscopic inter-
vention. It can usually be achieved with painkillers such as paracetamol, but there is no
formal societal guidance on this issue. Similarly, no recommendations are available on diet;
however, maintaining a liquid /soft diet in the days following the intervention might be
reasonable to minimise the chances of traumatic injury.

Medical prevention of oesophageal strictures following the endoscopic treatment of
BO is another aspect that has been investigated. A network meta-analysis conducted in 2019
showed that oral steroids might prevent postoperative strictures [105]. A more recent study
evaluating the role of topical budesonide in patients undergoing oesophageal EMR or ESD
showed conflicting results: no significant difference in stricture rates was seen in the patients
taking topical budesonide compared to the patients not taking steroids (16% vs. 28%;
p = 0.23); however, a logistic regression analysis taking into account potential confounders
showed that the stricture rate was significantly lower (91%; 95%CI 0.0084-0.573; p = 0.023)
in the budesonide cohort. The authors therefore suggest caution against concluding that
budesonide is not effective, highlighting that, in their multivariate analysis, budesonide
was associated with a lower stricture rate and concluding that budesonide might have a
role in preventing stricture formation following oesophageal EMR and ESD [106].
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Finally, with regards to the long-term management of patients with BO, other anti-
reflux measures, such as surgical and endoscopic procedures, could be considered to
address chronic gastroesophageal reflux insult, particularly in young patients who would
require life-long endoscopic follow-up or for subjects who do not tolerate PPIs. However,
anti-reflux surgery is not currently recommended by the ACG guidelines as an antineoplas-
tic measure in patients with BO [50].

8. Conclusions and Future Directions

In the Western world, the incidence of BO is increasing alongside the rise in gastroe-
sophageal reflux disease, its major risk factor. Although only a minority of patients with BO
will progress to oesophageal adenocarcinoma, identifying high-risk individuals is pivotal,
because oesophageal cancer is still associated with a high five-year mortality and associated
care costs for healthcare systems. Future efforts should focus on improving endoscopists’
adherence to guidelines, with particular attention to the diagnosis of BO that includes the
use of advanced endoscopic imaging and appropriate surveillance intervals.

Endoscopic endotherapy using both resection and ablation techniques have long-term
data supporting their safety and efficacy; however, they are not without risk, and for the
optimal management of BO-associated neoplasia, it is recommended that patients are
referred to expert centres.
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Simple Summary: There has been an exponential rise in the availability of artificial intelligence systems
in endoscopy in recent years. As a result, maintaining an informed understanding of the utility and
efficacy of existing systems has become increasingly complex. This review aims to summarise the
expanse of research in this area to guide proceduralists in making informed decisions regarding the use
of artificial intelligence in colonoscopy. It focuses primarily on the application of artificial intelligence
for the detection and characterisation of colorectal polyps in order to improve the efficacy of colorectal
cancer screening and prevention.

Abstract: Colorectal cancer remains a leading cause of cancer-related morbidity and mortality
worldwide, despite the widespread uptake of population surveillance strategies. This is in part due to
the persistent development of ‘interval colorectal cancers’, where patients develop colorectal cancer
despite appropriate surveillance intervals, implying pre-malignant polyps were not resected at a prior
colonoscopy. Multiple techniques have been developed to improve the sensitivity and accuracy of
lesion detection and characterisation in an effort to improve the efficacy of colorectal cancer screening,
thereby reducing the incidence of interval colorectal cancers. This article presents a comprehensive
review of the transformative role of artificial intelligence (AI), which has recently emerged as one
such solution for improving the quality of screening and surveillance colonoscopy. Firstly, Al-driven
algorithms demonstrate remarkable potential in addressing the challenge of overlooked polyps,
particularly polyp subtypes infamous for escaping human detection because of their inconspicuous
appearance. Secondly, Al empowers gastroenterologists without exhaustive training in advanced
mucosal imaging to characterise polyps with accuracy similar to that of expert interventionalists,
reducing the dependence on pathologic evaluation and guiding appropriate resection techniques or
referrals for more complex resections. Al in colonoscopy holds the potential to advance the detection
and characterisation of polyps, addressing current limitations and improving patient outcomes. The
integration of Al technologies into routine colonoscopy represents a promising step towards more
effective colorectal cancer screening and prevention.

Keywords: colonoscopy; artificial intelligence; polyp; adenoma; colorectal cancer

1. Introduction

In the context of modern healthcare, the integration of artificial intelligence (AI) has
emerged as a transformative force, revolutionising various aspects of medical practice [1].
One promising application lies in the domain of colorectal cancer (CRC), where Al holds
the potential to enhance the accuracy and efficiency of polyp detection and characterisation
during colonoscopy—a pivotal procedure for early diagnosis and prevention. This review
article delves into the dynamic intersection of Al and CRC management, with a specific
focus on its application for polyp detection and characterisation during colonoscopy.
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CRC accounts for more than 10% of cancer diagnoses and more than 9% of cancer-
related mortality worldwide, necessitating effective screening and diagnostic strategies
to curb its impact [2]. There is now compelling evidence that the implementation of pop-
ulation CRC screening in developed countries has led to a considerable reduction in its
incidence and mortality [3,4]. Colonoscopy serves as the gold standard for both the detec-
tion and prevention of CRC, yet its efficacy is contingent on the skill and vigilance of the
endoscopist [5]. Despite advances in endoscopic technology and improvement in adenoma
detection, adenoma miss rates still remain as high as 26% in tandem colonoscopy studies [6].
Miss rates are particularly high for sessile serrated lesions (SSLs) (27%), proximal advanced
adenomas (14%), and flat adenomas (34%) [6]. The integration of Al into colonoscopy holds
the promise of augmenting human expertise, potentially reducing the miss rates of these
inconspicuous polyps and thereby improving patient outcomes.

Drawing upon a plethora of studies, this review aims to dissect the methodologies and
technological advancements that underpin Al-driven polyp detection and characterisation
systems, with a particular focus on more recent real-world experiences with Al By explor-
ing the evolution, challenges, and outcomes associated with these technologies, we strive
to provide insights into their potential to reshape CRC management paradigms. While this
is not a formal systematic review, it has been based largely on a structured examination of
published literature from Pubmed and Embase, with abstracts screened for relevance and
reference lists reviewed for additional relevant studies.

2. Artificial Intelligence in Colonoscopy

Research in the field of Al-assisted colonoscopy has expanded exponentially in the
last 5 years, with a wide range of Al systems now commercially available (Table 1). As a
result, understanding the efficacy and accuracy of these individual systems has become
increasingly complex while there are limited data available for direct comparison and no
form of standardisation exists. Nevertheless, proponents of Al argue that the sophistication
of deep learning and the vast datasets on which these systems are trained result in consistent
accuracy at a high level. In the absence of standardisation, this review seeks to analyse the
efficacy of the commercially available systems and the accuracy of this assertion.

Table 1. Commercially available artificial intelligence systems in colonoscopy.

Name Company Technique Commercial Approval
Cybernet Systems
EndoBRAIN Corporation (Tokyo, Japan) CADx 2018
GI Genius Medtronic (Dublin, Ireland) CADe 2019
EndoBRAIN-EYE Cybernet Systems CADe 2020
Corporation (Tokyo, Japan)
DISCOVERY Pentax Medical Company CADe 2020
(Tokyo, Japan)
ENDO-AID Olympus Corporation CADe 2020
(Tokyo, Japan)
e CADe,
CAD EYE Fujifilm (Tokyo, Japan) CADx 2020
Wise Vision NEC Corporation CADe 2020
(Tokyo, Japan)
EndoScreener Wision A L (Shanghai, China) CADe 2021

Machine learning involves the development of an algorithm based on a training dataset
in order to predict the same pattern in unseen data. Initially, Al systems in endoscopy
involved the manual introduction of polyp features to the machine learning algorithm for
the program to recognise polyps; however, the accuracy of Al systems has catapulted with
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the introduction of deep learning. Deep learning is a type of machine learning characterised
by self-learning, in that the program extracts data and recognises key features across
multiple layers without any requirement for human input. It involves neural networks,
imitating the complex interconnected networks of the human brain in order to analyse
multiple increasingly complex layers of images. Convolutional neural networks (CNNs)
are based on the principle of the visual cortex of the human brain for image processing.
Using multiple filters, the CNN extracts key features from multiple versions of the same
image before pooling layers to provide a final classification as the output based on learned
polyp features. The key advantage of these systems is that the more data that is fed into
the system, the more sophisticated the algorithm becomes, as the system is capable of
continued independent learning. CNNs are a popular method for image recognition as
they offer efficient performance, allowing for use in real-time video applications [7,8].

The number of Al systems developed or in development for upper and lower gastroin-
testinal endoscopy has expanded exponentially in recent years. Computer-aided detection
(CADe) systems recognise characteristic features in order to discern the presence of a polyp
within a still image or video. More recently, these systems have been integrated into real-
time colonoscopy, alerting proceduralists to the presence of a polyp either with a coloured
box around the entire display or a box around the polyp itself. Computer-aided diagnosis
(CADx) systems are able to distinguish between polyp types and degrees of dysplasia,
from benign hyperplastic polyps to advanced cancers, providing a real-time diagnosis to
the proceduralist.

3. Polyp Detection

Since 2016, researchers have published deep learning algorithms for polyp detection
(CADe) that have been tested in pre-clinical applications, such as polyp detection in still
images or videos [9]. Only 3 years later, the first randomised controlled trials (RCTs)
comparing CADe with existing standards were published [10]. Since then, there has been
a vast amount of research published on real-time CADe systems, with strong support
for their efficacy in polyp detection. Of the 15 RCTs reviewed here, 10 demonstrated
a statistically significant increase in adenoma detection, although baseline and CADe
adenoma detection rates (ADRs) are highly varied because of differing populations and
study designs (Table 2) [10-24]. Although overall lesion detection is generally improved,
many of these systems have been criticised for a lack of impact on the detection of advanced
adenomas of heightened clinical significance. Many argue that these larger polyps are less
likely to be missed by endoscopists, making the implementation of CADe systems less
pivotal. While it may be true that larger polyps are less likely to be missed by endoscopists,
the lack of demonstrable impact of CADe systems for advanced adenomas may simply
reflect their reduced prevalence and, hence, the larger numbers required to adequately
power these studies. For example, in the largest RCT by Xu et al., including 3059 patients,
there was a statically significant increase in advanced adenoma (>10 mm, villous component
or high-grade dysplasia) detection in the CADe group versus the control group (6.6% vs.
4.9%, p =0.041) [12].

Table 2. Randomised controlled trials comparing artificial-intelligence-aided colonoscopy with
control groups for adenoma detection.

ADR

Advanced ADR

Author, Year CADe System Control Patients (1) (AI vs. Control) (Al vs. Control)
Nakashima et al., 59.4% vs. 47.6% 7.2% vs. 7.7%
2023 [11] CAD EYE HD-WLI 415 (v =0018) w=1)
39.9% vs. 32.4% 6.6% vs. 4.9%
Xu et al., 2023 [12] Eagle-Eye HD-WLI 3059 (p < 0.001) (p = 0.041)
Wang et al., EndoScreener HD-WLI with 1261 25.8% vs. 24.0% 0.314% vs. 0.39%
2023 [13] second observer (p=0.464) (p = 0.562)
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Table 2. Cont.

ADR

Advanced ADR

Author, Year CADe System Control Patients (1) (AI vs. Control) (Al vs. Control)
. - 35.9% vs. 37.2%

Wei et al., 2023 [14] EndoVigilant HD-WLI 769 (n=0.774) N/A
Ahmad et al., . 71.4% vs. 65.4%

2022 [15] GI Genius HD-WLI 658 (v = 0.09) N/A
Gimeno-Garcia 55.1% vs. 43.8% 11.6% vs. 12.1%
etal,, 2022 [16] ENDO-AID HD-WLI 370 (p = 0.029) (p = 0.89)

Repici et al., . 53.3% vs. 44.5% 12.7% vs. 12.7%

2022 [17] GI Genius HD-WLI 660 (b <0.02) (» = 0.956)

Rondonott et al 53.6% vs. 45.3% 18.5% vs. 15.9%
2002 [18] M CADEYE HD-WLI 800 (RR 1.18, 95% CI (RR 1.03, 95% CI
1.03-1.36) 0.96-1.09)
Shaukat et al., 47.8% vs. 43.9%
2022 [19] SKOUT HD-WLI 1359 (p = 0.065) N/A
Luoetal, 2021 [20]  Xiamen Innovision HD-WLI 150 PDR 38.7% vs. 34.0% N/A
(p < 0.001)
Xu et al., 2021 [21] N/A HD-WLI 2352 PDR 38.8% vs. 36.2% N/A
(p=0.183)
LiuPetal, 29.01% vs. 20.91% 1.43% vs. 3.92%
2020 [22] EndoScreener HD-WLI 790 (p = 0.009) (p = 0.607)
. Henan Xuanweitang o o o o
lel(‘);/g [ezt;}l" Medical Information HD-WLI 1026 39'1( i 5 02031'39 & 2'8(8 5 ‘1‘65'83'35 &
Technology Co. p= p=2
- 54.8% vs. 40.4% ) )
Rgg;f)l [ezt 4"]1" GI-Genius HD-WLI 685 (RR 1.30, 95% wf o ‘657' 6795’ o
1.14-1.45) p=0
Wang et al., 29.12% vs. 20.34% 3.41% vs. 5.95%
2019 [10] EndoScreener HD-WLI 1058 (p < 0.001) (p = 0.803)

In an effort to synthesise the expanse of research in this area, multiple meta-analyses
have been published comparing CADe with high-definition white light imaging (HD-WLI)
control groups (Table 3). These studies have universally found an increase in ADR with
CADe, with a 1.43-1.78 times increase in ADR versus HD-WLI [25-35]. The most significant
difference has been in the detection of diminutive (<5 mm) adenomas. For larger polyps,
the results have been varied, with four of the seven meta-analyses specifically analysing
>10 mm adenomas finding a statistically significant improvement in detection. Interestingly,
in their 2021 meta-analysis, Zhang et al. actually reported a reduction in the detection of
advanced adenomas with CADe [34]. While this raises the possibility that the time and
concentration consumed by higher diminutive polyp detection with CADe may detract
from the detection of advanced lesions, this has not been borne out in other meta-analyses
and was not the case in the largest RCT to date [12]. Sessile serrated lesions (SSLs) are a
polyp subtype prone to being missed during colonoscopy because of their inconspicuous
nature, as they are generally flat and difficult to differentiate from surrounding normal
mucosa. For SSLs, RCTs have not been powered to demonstrate an effect as their incidence
is considerably lower compared with adenomas. However, three meta-analyses assessed
SSLs specifically, demonstrating a between 1.37- and 1.52-times increase in SSL detection
with CADe, though one of these did not reach statistical significance [25,30,33].
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Table 3. Meta-analyses comparing artificial-intelligence-aided colonoscopy with control groups for
adenoma detection.

X . >
Author, Year Studies Patients ADR (Al vs. <5 mm Adenomas >10 mm Notes
(n) (n) Control) Adenomas
Huang et al., SSL per colonoscopy
2002 [25] 10 6629 RR 1.43, p < 0.001 RR 1.71, p < 0.001 RR 1.73, p < 0.001 RR 1.53, p < 0.001
0.691 adenomas per 91.7% higher
Sivananthan colonoscopy vs. detection of
7 5217 33.65% vs. 22.85% 0.373 (pooled effect N/A
etal., 2022 [26] . o non-pedunculated
size 0.3, 95% CI adenomas
0.19-0.42)
Ashat et al,, 6 5058 (3§I'Z {“725'925%/'9(/:"1 OR 2.07, 95% CI OR 1.79, 95% CI
2021 [27] 1.55-2.00) 1.81-2.36, p < 0.001 1.27-2.53, p < 0.001
Barua et al 29.6% vs. 19.3% Mean difference, Mean difference
2021 [28] v 5 4311 (RR 1.52, 95% CI 0.15 (95% CI 0.01, 95% CI
1.31-1.77) 0.12-0.28) 0.00-0.02)
Deliwala et al., 6 4996 OR 1.77 (95% CI OR 1.33 (95% CI OR 1.24 (95% CI
2021 [29] 1.57-2.08) 1.12-1.59) 0.87-1.78)
Hassan et al., 36.6% vs. 25.2%, RR 1.69 (95% CI RR 146 (95% CI oL per colonoscopy
2021 [30] 5 4354 RR 1.44 (95% CI 1.48-1.84) 1.04-2.06) RR 1.52 (95% CI
1.27-1.62) s SR 1.14-2.02)
Lietal., OR 1.75 (95% CI
2021 [31] 5 4311 1.52-2.01) N/A N/A
Nazarian et al., OR 1.53 (95% CI
2021 [32] 8 5577 1.32-1.77) N/A N/A
Spadaccini OR 1.78 (95% CI N OR1.69 (95% c1 o difference in SSL
etal., 2021 [33] 6 4996 1.44-2.18) N/ 1.10-2.60) detection, OR 1.37
! (95% CI 0.65-2.88)
Less advanced
Zhang etal,, OR172(95%CI ~ OR142(95%CI  ORO071(95%cr  °denomas (ORO.70,
2021 [34] 7 427 1.52-1.95) 1.18-1.72) 0.46-1.10) 95% C10.50-0.97)
SSL OR 0.87 (95% CI
0.61-1.23)
Aziz otal 32.9% vs. 20.8%,
2020 [35] 3 2815 RR 1.58 (95% CI N/A N/A

1.39-1.80)

N/ A= variable not reported.

Overall, prospective studies into CADe for adenoma detection have been optimistic.
Although many studies have not shown improved advanced adenoma detection, multiple
meta-analyses and the largest RCT to date suggest that this is likely the case, and it has been
conclusively demonstrated to improve the detection of diminutive adenomas. However,
with the advent of commercially available CADe systems, data are now available in a real-
world context, which may have greater generalisability than those conducted in a clinical
trial setting. The largest of these, published by Ladabaum et al. in 2023, was a pragmatic
real-world retrospective study whereby data were collected following the implementation
of CADe in a single centre, compared with concurrent and historical controls [36]. In
this study, the introduction of CADe resulted in no statistically significant difference in
any detection metric, including ADR, adenomas per colonoscopy, or advanced adenoma
detection. This was further supported by Levy et al., who demonstrated a reduction in
ADR from 35.2% to 30.3% (p < 0.001) in their single-centre cohort study [37]. These studies
highlighted the potential pitfalls of the use of CADe, including less thorough mucosal
exposure due to a ‘false sense of security” from the Al assistance; proceduralists dismissing
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lesions not highlighted by Al and the cumulative effect of false positive detection and the
resulting increase in withdrawal time. However, in two other large real-world propensity
score-matched studies including a cumulative 2262 patients following the implementation
of CADe, its introduction resulted in a 1.32-1.59-times higher ADR when compared with
HD-WLI [38,39].

The differing results in these real-world implementation studies may relate in part to
differences in the impact of Al on expert referral centres with already high ADR versus
lower ADR proceduralists. Given the nature of the limited availability of CADe systems
thus far, few studies have examined their impact on low-ADR endoscopists. As can be
seen in Table 2, of the five studies not demonstrating a difference in ADR with CADe, only
one study had a baseline ADR of less than 36% [38,39]. In this study by Wang et al., the
control group included a second observer and was, therefore, not strictly a ‘standard of care’
control [13]. In one such study with a low baseline ADR, adenoma detection improved
from 19.9% to 26.4% with the introduction of CADe [38]. Interestingly, in this study,
proceduralists were stratified by experience, with experts defined as having performed
more than 1000 colonoscopies, rather than by ADR. In doing so, they found no improvement
in ADR in the ‘non-expert” group. This raises the possibility that baseline ADR is of greater
significance than procedural experience when determining the impact of CADe. This was
also supported by Repici et al., who compared ADR with and without CADe across 660
colonoscopies performed by non-experts (<2000 colonoscopies) and found no correlation
between examiner experience and the impact of Al on ADR [17]. In contrast, although not
a controlled comparative study, Biscaglia et al. showed that with the assistance of CADe,
trainee endoscopists (200400 previous colonoscopies) could achieve the same ADR on
tandem colonoscopy with expert, high-ADR endoscopists without Al assistance [40]. To the
best of our knowledge, no studies have been published to date with stratification between
endoscopists on baseline ADR in order to investigate this further.

While ADR is often used as a surrogate marker, the adenoma miss rate (AMR) is the
most direct correlate with the potential for bowel cancer development despite surveillance
colonoscopy. Few studies have directly examined the impact of CADe in this context.
AMR refers to the number of adenomas ‘missed’ during a colonoscopy, generally based
on tandem colonoscopy studies where an immediate repeat procedure detects additional
adenomas. Three tandem colonoscopy studies (Table 4) have compared AMR for CADe
versus HD-WLI, with a significant reduction when using CADe [41-43]. The SSL miss rate
was higher in all three studies with HD-WLI, with two reaching statistical significance. In
addition, non-polypoid and right-sided adenomas, both of which are frequently missed at
colonoscopy, were less likely to be missed with the use of CADe. These are promising data
for the potential of CADe to standardise the quality of colonoscopy by reducing miss rates
for these more inconspicuous polyp subtypes.

Multiple previous studies have demonstrated the impact of fatigue on ADR, pre-
sumably because of a higher likelihood of human error. A 2009 retrospective study of
3619 colonoscopies found an ADR of 29.3% in the morning versus 25.3% in the afternoon
(p =0.008) [44]. This was reinforced by a prospective study that found that 27% more polyps
were detected per patient during early morning cases, with an hour-by-hour decrease in
adenoma detection as the day progressed [45]. Given CADe aims to reduce the likelihood
of human error, two studies have assessed its role in preventing deterioration in ADR from
physician fatigue. Lu et al. undertook a post hoc analysis of two prospective RCTs compar-
ing CADe with HD-WLI, finding that while the ADR in morning sessions was higher in
the control group, there was no longer any statistically significant difference in the CADe
group [46]. In this cohort, the OR for adenoma detection during afternoon colonoscopy
with CADe assistance versus without was 3.81 (95% CI 2.1-6.91) [46]. Similarly, Ritcher et al.
performed a retrospective database analysis comparing ADR with CADe versus HD-WLI
over the course of a day, demonstrating that while there was a statistically significant trend
towards reduction in ADR throughout the day with HD-WLI (p = 0.015), this trend was no
longer present in the CADe-assisted group (p = 0.65) [47].
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Table 4. Tandem colonoscopies randomised to CADe or HD-WLI first.

Author. Year Patients Adenoma Miss Rate SSL Miss Rate Non-Polypoid Right Colon
! (n) (CADe vs. HD-WLI)  (CADe vs. HD-WLI) Adenoma Miss Rate Adenoma Miss Rate
Higher miss rate for
Glissen-Brown 20.12% vs. 31.25% 7.14% vs. 42.11% 17.65% for CADe vs. - HD-WLLin the right
etal,, 2022 [41] 234 (p = 0.0247) (p = 0.0482) 22.22% for HD-WLI  colon on multivariable
g p=0 p=0 (p = 0.5872) analysis (OR 1.7865,
p = 0.0436)
Lower miss rate with
Wallace et al., 15.5% vs. 32.4% 0% vs. 33.33% CADe for 18.3% with CADe vs.
2022 [42] 230 (» < 0.001) (p = 0.455) nonpolypoid 32.53% with HD-WLI
’ ’ adenomas (OR 0.34, (p =0.004)
p <0.001)
o o o o 13.38% for CADe vs. 9.23% for CADe vs.
Kazg‘zblalig?l” 346 13'? 5 ‘;‘65‘03%7 " 1? - °_Vg'03383‘25)/ ° 45.26% for HD-WLI  44.05% for HD-WLI
p<b p=0 (p < 0.001) (p < 0.001)

3.1. Criticisms of CADe

The two main criticisms of CADe are the impact on procedure time and the high rates
of distracting false positive polyp identifications. In a 2022 ESGE position statement, the
overwhelming consensus was that, for the use of CADe to become widespread, it would
need to have an acceptable false-positive rate such that it does not significantly prolong
procedure times [48].

Despite initial concerns from image- and video-based studies, the actual rates of false
positives that have a meaningful impact on withdrawal time appear to be low, with 91%
of false positives lasting less than half a second [49]. In their post hoc analysis of an RCT,
Hassan et al. found that while overall false positive rates are high (27.3 per colonoscopy),
only 5.7% of false positives required an additional exploration time of 4.8 s per false
positive, adding a negligible 1% increase in total withdrawal time [50]. Nevertheless,
although the majority of false positives are short-lived, they still have a considerable impact
on proceduralist fatigue, with more than 80% of gastroenterologists reporting concerns
regarding excessive false positive alerts in a 2023 survey assessing one commercially
available CADe system [51]. These false positive alerts from CADe are most often related to
bubbles or faeces falsely identified as polyps. As a result, Tang et al. examined whether this
could be minimised using water exchange colonoscopy (where water is used rather than
CO; insufflation during colonoscope insertion while, at the same time, fluid is suctioned
to clear the lumen) in order to clear the field of view of the mucosa. In their 2022 study,
they demonstrated a significant increase in the additional polyp detection rate with CADe
versus HD-WLI after water exchange colonoscopy (30.1% vs. 12.3%, p = 0.001), with a
lower rate of false positives related to faeces (p = 0.007) and bubbles (p = 0.001) due to
the clearer field upon colonoscope withdrawal [52]. Techniques such as water exchange
colonoscopy, therefore, stand to enhance the performance of CADe not only by improving
mucosal visualisation but also by reducing rates of distracting false positives.

Regarding withdrawal times, it remains difficult to assess the true mucosal inspection
time without this being impacted by the additional time spent on polyp assessment and
resection. Though studies generally pause a stopwatch at the time of polypectomy, there
are still delays when a polyp is found, for example, while the stopwatch is paused and
restarted on each occasion. The most accurate assessment is, therefore, in the withdrawal
time in patients where no polyps are found. Of the four meta-analyses from Table 3 directly
examining withdrawal time, no study found any significant difference in withdrawal time
in patients with no polyps, while three out of four found a slightly longer withdrawal time
(up to a mean of 0.46 min) overall with CADe [25,27,29,33]. In all likelihood, despite false
positives from CADe, the only meaningful difference in withdrawal times is in the impact
on polyp detection.
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3.2. Cost Effectiveness

There are controversies surrounding the cost-efficacy of implementing CADe-assisted
colonoscopy in screening programs. Initially, the increase in adenoma detection will result
in an increased healthcare burden because of requirements for pathological evaluation and
a shortening of surveillance intervals. However, eventually, the reduction in adenoma miss
rates may mean that surveillance guidelines are able to be adjusted, and there are significant
cost savings if advanced colorectal cancers are able to be prevented. In 2022, Mori et al.
investigated this further by performing a pooled analysis of RCTs, demonstrating that the
proportion of patients who were recommended more intensive surveillance according to
US guidelines increased from 8.4% in the control group to 11.3% in the CADe group (RR
1.35,95% CI1.16-1.57), which would place a significant burden on a strained healthcare
system [53]. However, Areia et al. developed a microsimulation model in a hypothetic
cohort to show that the implementation of CADe detection in a US population resulted
in a yearly additional prevention of 7194 colorectal cancer cases and 2089 related deaths,
with cost savings of USD 290 million [54]. This is aptly described in the World Endoscopy
Organisation position statement on Al in colonoscopy in 2023, which states the following;:
‘In the short term, use of CADe is likely to increase health-care costs by detecting more
adenomas’, but ‘the increased cost by CADe could be balanced by savings in costs related
to cancer treatment due to CADe-related cancer prevention’ [55].

3.3. Summary

CADe systems lead to improved adenoma detection, particularly for diminutive
adenomas and polyp subgroups more likely to be missed because of human error, including
non-polypoid adenomas, right-sided adenomas, and SSLs. While this has not yet been
consistently supported by ‘real-world” studies, the existing retrospective studies introduce
forms of bias that may influence results. What has been demonstrated, however, is that,
with the support of CADe, regular endoscopists can achieve equivalent performance in
adenoma detection to expert high-ADR endoscopists in referral centres, standardising the
quality of service provision. Given the dramatic increase in demand for colonoscopy with
the implementation of population screening programs, not all patients will have access
to expert referral centres for colonoscopy. CADe systems, therefore, have the capacity to
make equality of healthcare provision a reality despite inevitable resource limitations. This
sentiment is echoed by the European Society of Gastrointestinal Endoscopy (ESGE) 2022
position paper on Al in gastrointestinal endoscopy, stating that ‘the task of Al is to lift the
less experienced to the level of experienced endoscopists rather than to further increase the
high ADR values of the high-detector experts’ [48]. In this way, CADe is clearly meeting
its objective.

4. Polyp Characterisation

In addition to lesion detection, the other primary focus of Al systems in colonoscopy
has been on the characterisation of polyps (computer-aided diagnosis—CADXx). Although
expert interventional endoscopists with advanced mucosal imaging are able to achieve a
high degree of accuracy in histology prediction, this requires specialised training, experi-
ence, and time that may not be available in the general endoscopy setting [56]. Accurate
histology prediction is of particular importance in two commonly encountered settings
in colonoscopy. For diminutive (<5 mm) polyps, accurate prediction facilitates the safe
use of the ‘resect and discard” and ‘do not resect’ strategies, as discussed below [57]. For
larger polyps, the prediction of histology guides appropriate referral pathways for non-
interventional endoscopists, either for endoscopic or surgical resection.

For overall histology prediction, multiple image-based studies and three meta-analyses
have demonstrated the superiority of CADx compared with non-expert endoscopists [58—68].
However, in each of these meta-analyses, CADx has been unable to outperform expert
endoscopists [58-60]. In addition, in existing real-time colonoscopy studies, CADx has not
been shown to significantly improve the sensitivity or specificity of overall histology predic-
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tion. Barua et al. compared CADx with non-expert endoscopists (1-5 years of colonoscopy
experience) across 518 patients with 892 polyps and demonstrated no significant difference
in sensitivity (90.4% vs. 88.4%) or specificity (85.9% vs. 83.1%) [69]. When compared with
expert endoscopists, Li et al. found CADXx to be inferior in terms of both sensitivity (61.8%
vs. 70.3%, p < 0.001) and overall accuracy (71.6% vs. 75.2%, p = 0.023) [70].

4.1. Diminutive Polyps

Despite a degree of variability in the evidence described above, there are certain
circumstances where the accuracy of CADx has been more clearly established, including
for the diagnosis of diminutive polyps. In this context, accurate histology prediction
serves to avoid unnecessary and expensive pathologic evaluations. The Preservation and
Incorporation of Valuable Endoscopic Innovations (PIVI) initiative is a program from the
American Society for Gastrointestinal Endoscopy (ASGE) aiming to establish thresholds
for endoscopic technologies aimed at addressing important clinical questions and needs
in endoscopic diagnosis and intervention [57]. A key focus has been on two strategies
to reduce the burden of the histopathological analysis of diminutive colorectal polyps.
According to PIVI, diminutive polyps outside of the rectosigmoid colon should be resected
but do not require pathological analysis provided endoscopic imaging-based histology
prediction results in more than 90% agreement with pathology for surveillance intervals (the
‘resect and discard’ strategy). In addition, diminutive rectosigmoid polyps do not require
resection if the endoscopic appearance is of a hyperplastic polyp, provided endoscopic
imaging achieves a negative predictive value of more than 90% for adenomatous histology
(the “do not resect’ strategy). In this context, CADx has been able to comprehensively
surpass expectations.

Multiple image-based studies have shown CADXx to be superior to non-expert endo-
scopists for diminutive polyps, with a 96-97% NPV and a sensitivity of 92.3-98.1% [71-75].
Once again, the accuracy of CADx has not outperformed expert endoscopists; however,
the widespread adoption of CADx would allow endoscopists of all levels of expertise
to employ the ‘do not resect’ or ‘resect and discard” strategies, thereby improving the
cost-effectiveness of colonoscopic screening programs. This was assessed in real-time
colonoscopy by Rondonotti et al., including all patients with at least one diminutive rec-
tosigmoid polyp assessed by an endoscopist with CADx assistance [76]. An Al-assisted
high-confidence prediction was made in 92.3% of polyps, with NPVs of 91% and 97.4%
agreement with ESGE surveillance intervals. Although the initial Al-assisted accuracy was
significantly higher in expert (91.9%) versus non-expert (82.3%) endoscopists, there was a
significant trend over time in non-experts, such that, for the final 50 polyps, there was no
difference in NPV for non-experts (95.2%) versus experts (93.9%).

In fact, certain studies have argued that, for diminutive polyps, pathologic analysis
can be misleading, and CADx systems may even outperform the gold standard. In 2019,
Ponugoti et al. highlighted the significant discordance that exists between high-confidence
expert endoscopist histology prediction and pathologic evaluation for <3 mm polyps,
postulating that, for polyps of this size, there are frequently issues with processing and
retrieval [77]. Subsequently, Shahidi et al. examined the accuracy of CADx diagnoses of
644 <3 mm polyps, with a discrepancy between endoscopic and pathological diagnoses in
28.9% of lesions [78]. CADx agreed with expert endoscopists in 90.3% of discordant cases,
again highlighting the potential inaccuracy of pathology as the accepted gold standard for
polyps of this size.

Critics of CADx argue that the histological predictions of these systems are significantly
influenced by the dataset on which they are trained. For example, in datasets with an under-
representation of SSLs, the CADx system may be less likely to report a lesion as such. To
assess the consistency of these systems, Hassan et al. compared the histology predictions of
two CADXx systems trained on differing datasets: CAD-EYE and GI-Genius [79]. They found
no difference in sensitivity or specificity for the two systems. For <5 mm rectosigmoid
polyps, the negative predictive value well surpassed the PIVI threshold for both the CAD-
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EYE (97%) and GI-Genius (97.7%) systems. Based on the ESGE surveillance guidelines,
there was 98.3% agreement with guideline-recommended surveillance intervals with both
systems. While datasets may impact the outputs of these systems, it is likely that the high
volume of polyp images in the training sets is such that the accuracy is more than adequate
to facilitate widespread use of the ‘resect and discard” and ‘do not resect’ strategies.

4.2. Larger Polyps

For larger polyps, the potential benefit of CADx is in the identification of appropriate
resection strategies or appropriate referral in the case of non-interventional endoscopists.
Three studies have examined CADx specifically in larger polyps in comparison with
endoscopists. Luo et al. trained a CADx system and tested this on a 1634-image dataset
from 156 lesions with high-grade dysplasia or adenocarcinoma [80]. The polyps were
stratified by the CADx system into ‘P0” with a submucosal invasion depth of less than
1000 um and, therefore, endoscopically resectable or ‘P1” where there was at least deep
submucosal invasion or more advanced cancer. In the testing set, the model had an overall
accuracy of 91.1%, a sensitivity of 91.2%, and a specificity of 91.0%, with no significant
difference in accuracy compared with experienced interventional endoscopists. When only
early adenocarcinomas were included in the analysis, the CADx model was superior to
experienced endoscopists (sensitivity 65.3% vs. 40.0%) for differentiating endoscopically
resectable lesions, suggesting there may be surface signatures on polyps even with deep
submucosal invasion that have not yet been identified by experts in advanced mucosal
imaging. Nemoto et al. analysed 1513 early adenocarcinomas, from intramucosal to
deep submucosal invasive cancer, comparing their CADXx system with trainee and expert
endoscopists [81]. CADx showed high specificity at 94.4% for deep submucosal invasion,
although sensitivity was low at 59.8%. The AUROC was 85.1% and was equivalent to the
two experts (88.2% and 85.9%) and superior to the trainees (77%, p = 0.0076 and 66.2%,
p < 0.001). Yao et al. developed a CADx system trained on 339 large sessile polyps,
differentiating malignant from non-malignant polyps [82]. The overall accuracy was
90.4%, which was comparable to expert endoscopists and superior to both senior and
junior endoscopists [82]. In this study, with the assistance of CADx, the accuracy of junior
endoscopists improved from 75.4% to 85.3% (p = 0.002).

While CADx systems are yet to convincingly outperform expert endoscopists in
guiding resection strategies, the future of these systems may be in optimising appropriate
referrals to experts in endoscopic resection. Additionally, they may obviate the need for
a biopsy prior to referral. This is of particular importance as biopsies have been well
established as a strong predictor of failed en bloc endoscopic submucosal dissection for
colorectal polyps, increasing the odds of severe fibrosis by more than eight times [83].

For expert interventionalists, one role of CADx may be in combination with endocy-
toscopy systems. Endocytoscopy involves a device that can be either incorporated into
the endoscope or as a separate probe-based system, utilising a high-power fixed-focus
lens to achieve ultra-high magnification in excess of 450x [84]. This novel technology
allows for in vivo visualisations of tissue at the cellular level in real time, with accuracy
as high as 85.8-97% for detecting the depth of submucosal invasion [85-88]. However,
these systems require significant training and experience to interpret images. This technol-
ogy may become more accessible with the advent of Al systems, with EndoBRAIN and
EndoBRAIN-Plus now commercially available for the interpretation of endocytoscopic
images. Studies thus far have demonstrated a high degree of accuracy for endocytoscopy-
based CADx systems, with specificity of up to 97.3-98.9% for differentiating invasive cancer
from non-malignant adenoma [89,90]. Kudo et al. compared AI with both trainee and
expert endoscopists for endocytoscopic interpretation, with superior accuracy (98% vs. 69%
and 93.3%, p < 0.001), sensitivity (96.9% vs. 70.8% and 92.8%, p < 0.001), and specificity
(100% vs. 65.7% and 94.3%, p < 0.001) [91]. While these studies demonstrate some benefit for
even expert endoscopists in differentiating invasive cancers from non-malignant adenomas,
the eventual goal of CADx with endocytoscopy would be to differentiate between depths
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of submucosal invasion in order to assess suitability for endoscopic resection techniques, a
feat not able to be consistently achieved by even the most experienced interventionalists.

In addition, another area for further study that may impact expert endoscopists
would be in the assessment of resection margins. To date, no endoscopic systems have
been developed for this purpose; however, a recent study performed using hyperspectral
imaging on surgical specimens showed high accuracy (AUC 97%) for classifying the
components of resected tissue into cancer, adenomatous margins, and healthy mucosa [92].
While this is essentially a proof-of-concept study only, it has highlighted the potential for AI
to analyse the completeness of large resections and, therefore, theoretically reduce adenoma
recurrence rates.

4.3. Summary

CADx systems have been proven to be highly accurate in differentiating neoplastic
from non-neoplastic polyps, as well as in recognising invasive cancers. Similar to CADe,
these systems are yet to consistently outperform expert endoscopists. Nevertheless, their
future may be in the elevation of the accuracy of regular endoscopists to nearing that of
highly trained interventionalists in order to guide conservative strategies for diminutive
polyps and appropriate referral strategies for larger polyps requiring advanced resec-
tion techniques.

5. Conclusions

This review provides compelling evidence of the transformative potential of artificial
intelligence in the realm of polyp detection and characterisation during colonoscopy. The
key findings underscore two crucial aspects that significantly impact healthcare provision,
particularly in resource-constrained settings.

First and foremost, the evidence reviewed demonstrates that CADe enhances adenoma
detection in studies with low baseline ADR and increases the detection of inconspicuous
polyps more frequently missed by endoscopists. This outcome carries substantial implica-
tions for public health, as it promises to bolster the consistency of healthcare delivery. In
regions or communities where access to highly trained interventionalists may be limited,
Al can serve as a reliable and consistent ally in early polyp detection, potentially preventing
the progression of colorectal cancer and improving patient outcomes. This democratisation
of expertise through Al could bridge the gap in healthcare equality, ensuring that more indi-
viduals receive accurate and timely diagnoses, ultimately reducing the burden of colorectal
cancer on health systems.

Secondly, this manuscript highlights how Al can elevate the accuracy of polyp char-
acterisation when used by regular endoscopists to nearly that of highly trained expert
interventionalists. This development holds significant promise for overburdened health-
care systems worldwide, where access to specialist interventionalists is often limited. Al’s
ability to assist in precise polyp characterisation can help mitigate the risk of misdiagnoses,
reducing unnecessary treatments, and enhancing patient care quality. Moreover, by em-
powering non-experts with advanced Al tools, we can ensure that patients in underserved
regions receive comprehensive care, irrespective of the available expertise.

In a world where resource limitations persist and not everyone has access to highly
trained interventionalists, this manuscript’s findings underscore the profound public health
implications of Alin colonoscopy. Al’s capacity to augment both adenoma detection and
polyp characterisation in the hands of all proceduralists not only promises to enhance
healthcare consistency but also signifies a crucial step towards healthcare equity. As
we continue to harness the power of artificial intelligence in medicine, the potential to
democratise expertise and improve the overall health outcomes of diverse populations
becomes increasingly tangible and vital.
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Simple Summary: Palliative endoscopy has a fundamental role in the management of patients with
advanced bilio-pancreatic cancers, which can involve the biliary tract and infiltrate the duodenal
lumen or other close organs. Clinical presentations of these advanced cancers are mainly gastric outlet
obstruction (GOO), obstructive jaundice, and unresponsive pain, which influence the patient’s quality
of life (QoL) and the oncologic management in terms of initiating or restarting systemic therapy. Our
aim was to perform a literature review focusing on the role of endoscopy in the palliation of these
advanced pancreatic and biliary cancers.

Abstract: Therapeutic endoscopy permits many and various treatments for cancer palliation in
patients with bilio-pancreatic cancers, enabling different options, supporting patients during their
route to oncologic treatments, and trying to improve their quality of life. Therefore, both endoscopic
and endoscopic ultrasound (EUS)-guided techniques are performed in this scenario. We performed a
literature review focusing on the role of endoscopy in the palliation of those advanced pancreatic and
biliary cancers developing malignant biliary obstruction (MBO), gastric outlet obstruction (GOO), and
pain unresponsive to medical therapies. Therefore, we explored and focused on the clinical outcomes
of endoscopic procedures in this scenario. In fact, the endoscopic treatment is based on achieving
biliary drainage in the case of MBO through endoscopic retrograde cholangiopancreatography
(ERCP) or EUS-guided biliary drainage (EUS-BD), while GOO is endoscopically treated through
the deployment of an enteral stent or the creation of EUS-guided gastro-entero-anastomosis (EUS-
GEA). Furthermore, untreatable chronic abdominal pain is a major issue in patients unresponsive to
high doses of painkillers, so EUS-guided celiac plexus neurolysis (CPN) or celiac ganglia neurolysis
(CGN) helps to reduce dosage and have better pain control. Therefore, therapeutic endoscopy in the
palliative setting is an effective and safe approach for managing most of the clinical manifestations of
advanced biliopancreatic tumors.

Keywords: palliation; biliopancreatic cancer; endoscopy; biliary obstruction; pain; oncology

1. Introduction

Endoscopy is the standard of care for the palliation of advanced cancers involving
the gastrointestinal (GI) tract. The role of palliative endoscopy is variable and dependent
on cancer advancement, which moves from the involvement of the biliary tract to the
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infiltration of the duodenal lumen or other close organs. Therapeutic endoscopy, including
endoscopic ultrasound (EUS), has improved over the years to overcome the clinical symp-
toms of advanced neoplastic diseases, permitting different options, supporting patients
during their route toward starting systemic chemotherapy, and even trying to improve
their quality of life (QoL) [1].

We aimed to perform a literature review focusing on the role of endoscopy in the palli-
ation of advanced pancreatic-biliary cancers, in order to highlight the technical and clinical
aspects of those endoscopic procedures which are strengthening as first-line approaches in
the case of cancer palliation.

2. Clinical Aspects of Advanced Pancreatic-Biliary Cancer

Pancreatic and biliary cancers are among the most aggressive cancers [2]. In the United
States (US), researchers have estimated the average annual incidence rate (2015-2019) of
pancreatic cancers at 13.2 per 100,000 inhabitants [2], so estimated new cases and deaths
are 64,050 and 50,550 in 2023 [3]. Annual new cases of gallbladder and other biliary cancers,
indeed, are estimated to be 12,220 in the US, while estimated deaths are 4510 [3]. Surely,
even metastasis and neoplastic lymph nodes may involve the biliary tract and duodenal
lumen, [4] creating the need for endoscopic treatments. Nowadays, the 5-year survival
rate at the time of diagnosis is still dramatically low, being 10% for pancreatic cancer
and 18% for localized /regional extrahepatic bile duct cancers (both hilar and distal) in
the USA [3,5]. Therefore, palliation is the main aim in those advanced cases developing
jaundice, oncologic pain, or vomiting, so the management of the latter conditions becomes
of primary relevance. The trigger for mechanical obstruction is usually an infiltration or
compression of the biliary and duodenal tract by the malignancy (Figure 1), which then
clinically produces malignant biliary obstruction (MBO) or gastric outlet obstruction (GOO).
On the other hand, both the malignancy itself and the involvement of nerves cause severe
oncologic pain, which is arduous to resolve with a single intervention such as painkiller
administration; nonetheless, alternative endoscopic therapies targeting the celiac plexus
are available (Figure 1) [6]. However, MBO and GOO can be endoscopically treated, being
caused by a mechanical obstruction, while cancer pain needs to be first treated by an expert
in the field of pain therapy, even if EUS-guided therapeutic options may complement
medical therapies [7,8].

1. Proximal biliary malignant obstruction
2. Distal biliary malignant obstruction

3. Duodenal malignant obstruction

4. Celiac plexus

Figure 1. (1, 2, and 3) Sites of progression of advanced tumors involving the biliary and duodenal tract

evolving in major clinical manifestations. (4) Celiac plexus as the “target” of endoscopic treatments
in advanced tumors.
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Materials and Methods

This is a comprehensive review of the role of endoscopy in the palliation of advanced
pancreatic-biliary cancers. Considering the vastness of the topic, the search strategy,
materials, and methods were adapted to each main topic of the review, and they are more
deeply discussed in the Supplementary Materials [9,10]. Generally, the identification of
the literature, the selection of sources, and the analysis, synthesis, and organization of the
information were conducted by three researchers (G.EM.R., L.C. and G.R.).

3. Endoscopic Treatments

Palliative endoscopic treatments in this scenario include procedures involving both
endoscopic and EUS-guided techniques depending on the aim of the treatment and location
of the issue (e.g., drainage, anastomosis creation, alcohol injection, ablation, debulking,
and so on). In the case of MBO, which is one of the most common complications of malig-
nancies involving the hepato-biliary-pancreatic system, the endoscopic treatment is based
on achieving biliary drainage through endoscopic retrograde cholangiopancreatography
(ERCP) or EUS-guided biliary drainage (EUS-BD). The resolution of jaundice reduces the
risk of cholangitis and sepsis, and consequently improves QoL [11]. Furthermore, MBO
can be divided based on its location into malignant distal biliary obstruction (dMBO) and
malignant proximal biliary obstruction (pMBO). In the case of GOO, endoscopic treatment
can include either duodenal stenting or EUS-guided gastro-enteroanastomosis (EUS-GEA).
On the other hand, intractable oncologic pain in the case of bilio-pancreatic malignancies
has been treated through celiac plexus neurolysis (CPN) over the years, firstly percuta-
neously, then through an EUS-guided approach, showing similar effectiveness and safety
in randomized trials [12].

3.1. Malignant Biliary Obstruction (MBO)
3.1.1. Role of Endoscopic Retrograde Cholangiopancreatography (ERCP)

The transpapillary approach through ERCP is a milestone in the management of MBO
with the advantages of avoiding external drainage [13], shorter hospitalization times, and
lower rates of adverse events (8.6% vs. 12.3%, p < 0.001) compared to PTBD [14]. ERCP
is also associated with lower rates of morbidity, peri- and post-procedural complications,
and 30-day mortality (16.3% vs. 9.6%) when compared with the surgical approach, al-
though surgical biliodigestive anastomosis showed a reduction in the rates of recurrent
jaundice [15,16]. However, no interruption in the administration of oncological treatments
is fundamental to achieving better oncological outcomes such as overall survival (OS) and
progression-free survival (PFS), so the goal of ERCP is to permit BD in as many patients
as possible.

3.1.2. Distal Malignant Biliary Obstruction (dMBO)

DMBO refers to malignant involvement of the distal part of the common bile duct
(CBD) and it may be caused by intrinsic or extrinsic compression such as pancreatic
head cancer, cholangiocarcinoma, ampullary cancer, or compression of metastatic lymph
nodes [4,17]. Endoscopic treatments were historically based on ERCP, which is still consid-
ered the gold standard, even if EUS-guided approaches, which were initially used after
ERCP failure, are becoming an alternative primary treatment, as suggested by recent stud-
ies and ongoing trials [18-20]. The European Society of Gastrointestinal Endoscopy (ESGE)
guidelines recommend biliary self-expandable metal stent (SEMS) insertion for palliative
drainage [21]. The choice of the type of stent to use is influenced by several factors such as
the location of the stenosis, the patient’s prognosis, and the availability of the prosthesis.
There is enough evidence in the literature to suggest the choice of SEMS over a plastic pros-
thesis since remaining patent for longer improves patient outcomes. In the meta-analysis by
Moole et al., where 11 studies with a total of 947 patients were selected, the pooled analysis
of SEMS patency was 167 days, unlike the 73 days of the plastic stent [22]. Either covered
SEMS (C-SEMS) or uncovered (U-SEMS) may be used, even if there is still a debate over
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which is the best due to conflicting results in the literature. In fact, C-SEMS seemed to pro-
long stent patency but had a higher migration rate [21] compared to U-SEMS, where tumor
ingrowth through the metal mesh fixes the stent but reduces patency, even if a meta-analysis
including nine randomized controlled trials (RCTs) found no difference in the length of
stent patency [23]. Further meta-analyses evaluated the use of C-SEMS vs. U-SEMS without
finding significant differences in clinical outcomes [24,25]. Regarding the safety and the rate
of adverse events (AEs), the abovementioned meta-analysis did not demonstrate any higher
risk of cholecystitis after C-SEMS insertion. Similarly, no differences in pancreatitis rate
were shown between C-SEMS and U-SEMS. However, a novel type of stent was developed
to counter stent ingrowth, the chemotherapy drug-eluting stent, but a meta-analysis of
five studies comparing drug-eluting stents (197 patients) to SEMS (151 patients) reported
a stent patency of 168 days vs. 149 days, respectively, with no major differences in the
rates of cholecystitis (6.5% vs. 5.0%) or cholangitis (17% vs. 15%) [26]. Therefore, those
stents have yet to receive receive FDA approval. Percutaneous biliary drainage (PTBD) has
also been used as an alternative, showing similar efficacy with no significant differences in
survival time or costs compared to endoscopic biliary drainage [27], but it needs an external
approach and it could impact the QoL of patients. When jaundice secondary to pancreatic
neoplasms is susceptible to neo-adjuvant chemotherapy, plastic biliary stent placement
(of at least 10 Fr) was suggested until a few years ago, because the inflammatory reaction
created by a SEMS made the surgical procedure more complex. A recent systematic review
and meta-analysis by Du et al. conducted with the aim of comparing the clinical efficacy
of metal stents versus plastic stents in patients undergoing neoadjuvant therapy included
two randomized trials and six retrospective studies with a total of 316 patients, showing
no significant differences in terms of operative and postoperative time, and the need for
endoscopic reintervention and stent-related complications were significantly lower in the
group treated with metal stents than in the one treated with plastic stents, respectively (18%
vs. 80% and 15% vs. 44%) [28].

3.1.3. Proximal Malignant Biliary Obstruction (pMBO)

PMBO refers to malignant involvement of the proximal part of CBD caused by intrinsic
obstruction or extrinsic compression by cancers, and it can involve the confluence of the
hepatic ducts, often called ‘Klatskin tumor’, causing a malignant hilar biliary obstruction
(hMBO) (Figure 2) [29,30]. Therefore, biliary drainage of the Klatskin tumors is strongly
influenced by the extension of the neoplastic tissue, well-differentiated by the Bismuth clas-
sification (Supplementary Table S1) [31], because of the lower probability of concurrently
draining through ERCP all of the hepatic segments when approaching a Bismuth type IV
or III [21].

The retrograde approach is sometimes not the best option in the case of pMBO,
especially when the tumor involves biliary confluence into both the right and left biliary
ducts (type IV according to the Bismuth classification), because in these difficult cases
sometimes it is not possible to drain both of the ducts, so patients do not resolve jaundice.
Therefore, in the case of Klatskin tumor Bismuth IV or III it is extremely important to have
a multidisciplinary approach together with an interventional radiologist in order to drain
all the segments through a rendezvous or with an additional insertion of a PTBD [21]. A
systematic review and meta-analysis of nine studies (n = 546 patients) showed a higher
success rate with PTBD than ERCP in types III/IV, with comparable rates of adverse
events and 30-day mortality [32]. On the other hand, Inamdar et al. reported that biliary
drainage through ERCP showed a lower adverse event rate and shorter hospitalization
when compared with PTBD [14]. Moreover, in a propensity score matching analysis,
patients who underwent PTBD had lower overall survival and a higher risk for seeding
metastasis when compared with ERCP [33]. Generally, PTBD is preferred when a patient has
an altered gastro-duodenal anatomy, when the bile ducts to be drained are not accessible by
ERCP, or when ERCP does not achieve adequate biliary drainage. Regardless of the method
used, achieving >50% of total liver volume drainage is essential to relieve jaundice and
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reduce the risk of cholangitis. This was associated with longer overall survival particularly
in the Bismuth III type [34]. Similarly, in their retrospective study, Takahashi et al. [35]
correlated the percentage of liver volume to be drained with the patient’s liver function
and concluded that effective biliary drainage is achieved in patients with preserved liver
function when >33% of the liver volume is drained, and in those with impaired liver
function when >50% is drained. Anyway, regarding ERCP stenting, different meta-analyses
comparing SEMS to plastic stents resulted in longer patient survival, lower risk of stent
dysfunction and infection, and fewer reoperations when SEMS was deployed [36,37].

Type I @
Typez @@
Type111A @-@-O
type11e @-@-©
®0

Type IV .+ +

O

Figure 2. Graphical view of the Bismuth classification of Klatskin tumors [31]. Type (I) involving the
common hepatic duct below the confluence; type (II) involving the biliary confluence; type (IIIA)
involving the confluence and extending to the right hepatic duct; type (IIIB) involving the confluence
and extending to the left hepatic duct; type (IV) involving the confluence and extending to both the
right and left hepatic bile ducts.

3.1.4. Endoscopic Ultrasound Biliary Drainage (EUS-BD)

Although ERCP remains the gold standard in the treatment of dMBO, the international
consensus statement for the management of malignant distal biliary stricture recommends
that, when expertise is available, ultrasound endoscopic biliary drainage (EUS-BD) is an
effective option in three situations: failed ERCP, difficult biliary cannulation, and postsurgi-
cal anatomy [13]. In fact, although PTBD has long been utilized, EUS-BD is a less invasive
option with fewer procedure-related adverse events (8.80% vs. 31.22%, p = 0.022) and lower
reintervention rates (0.34 vs. 0.93, p = 0.02) shown in a randomized open-label study [38],
and recommended by European guidelines over PTBD [21]. Subsequently, these data were
confirmed by a meta-analysis including 483 patients [39]. A systematic review of 42 studies
including 1192 patients undergoing EUS-BD after ERCP failure reported a technical success
rate of 94.7%, a clinical success rate of 91.6%, and an adverse event rate of 23%, which
included bile leak (4.03%), bleeding (4.03%), pneumoperitoneum (3.02%), stent migration
(2.68%), cholangitis (2.43%), abdominal pain (1.51%) and peritonitis (1.26%) [40]. Moreover,
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EUS-BD techniques can be divided according to the anatomical location and the puncture
site of the biliary access into choledochoduodenostomy (CDS), hepaticogastrostomy (HGS),
rendezvous technique (RV), antegrade biliary stenting (AG), and gallbladder drainage
(GBD) (Figure 3).

Figure 3. EUS-BD techniques for malignant biliary obstruction (red arrow) can be divided according
to the anatomical location and the puncture site of the biliary access into (1) choledochoduodenostomy
(CDS), (2) hepaticogastrostomy (HGS), (3) antegrade biliary stenting (AG), (4) rendezvous technique
(RV) and (5) transduodenal gallbladder drainage (EUS-GBD).

In patients in whom ERCP fails, endoscopic ultrasound-guided choledochoduodenos-
tomy (EUS-CDS) is considered the preferred choice for dMBO [41], as confirmed in a
multicenter retrospective study comparing EUS-CDS to PTBD and demonstrating higher
clinical success (84.6% vs. 62.1%, p = 0,04) for EUS-CDS with a significantly lower rate of
reoperation (10.7% vs. 77.6%, p < 0.001) [42]. Biliary drainage through EUS-CDS permits
direct access to the CBD from the duodenum creating a choledochoduodenostomy through
the deployment of a plastic stent or fully covered metal stent, which is extremely useful and
successful in the case of dMBO. Initially, FC-SEMS were preferred over plastic stents for
CDS, as they have significantly lower rates of adverse events (13.0% vs. 42.8%, p = 0.01) and
better stent patency [43,44], even if FC-SEMS theoretically increase the risk of stent migra-
tion. In this context, a fully-covered short metal stent with double flanges (lumen-apposing
metal stent, LAMS) was developed for EUS-guided procedures about a decade ago [45]
and it is on its way to becoming the preferred choice in the case of EUS-CDS. Furthermore,
the application of the electrocautery-enhanced tip of the LAMS catheter has enabled a
“free-hand”, “single-step”, and “exchange-free” procedure, making direct organ access
possible without using further devices such as needles, guidewires, or dilator devices. A
systematic review and meta-analysis containing seven studies including 284 patients who
underwent EUS-BD using LAMS after ERCP failure showed high technical and clinical
success rates (95.7% and 95.9%, respectively) with a 5.2% pooled rate of post-procedural
adverse events and an 8.7% rate of recurrence [46]. Finally, those results were confirmed
by a recent large multicenter study [47]. However, no differences in the technical and
clinical success or post-procedure-related adverse events comparing LAMS vs. SEMS have
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been found so far [48,49], even if nowadays experts seem to prefer LAMS over FC-SEMS.
On the other hand, EUS-guided hepatogastrostomy (EUS-HGS) is preferred in the case
of hMBO, because it permits the creation of a fistulous duct between the gastric wall and
the left intrahepatic duct, unlike EUS-CDS, which is indicated in dMBO. Moreover, when
ERCP and/or PTBD do not achieve clinical success with adequate biliary drainage, ESGE
suggests EUS-guided biliary drainage with EUS-HGS only for malignant inoperable hilar
biliary obstruction with a dilated left hepatic duct [50]. However, current data on which
is the best choice for MBO are conflicting, with some reports showing higher safety for
the transduodenal route, while others have shown no such difference [51,52]. In a small
randomized study comparing 25 patients who received EUS-HGS and 24 who received
EUS-CDS, the clinical success of EUS-HGS was higher (91% versus 77%); however, ad-
verse events were also slightly higher (20% vs. 12.5%), although neither outcome reached
statistical significance [53]. A systematic review and meta-analysis of 10 studies by Ue-
mura et al. comparing EUS-HGS (1 = 208) and EUS-CDS (1 = 226) found no difference in
technical success (94.1% vs. 93.7%), clinical success (88.5% vs. 84.5%), or rates of adverse
events [54]. Furthermore, a multicenter study on long-term patency of the two techniques
conducted on 182 patients (95 EUS-HGS vs. 87 EUS-CDS) showed that EUS-CDS was
associated with being 4.5 times more likely to achieve longer stent patency at the expense
of a higher rate of adverse events [55]. Moreover, the EUS-guided gallbladder drainage
appears a valid alternative as a rescue treatment after ERCP and EUS-CDS failure, showing
adequate efficacy and safety for those patients who have dMBO and no involvement of the
cystic duct. Therefore, a recent multicenter study involving 48 patients showed 100% and
81.3% technical and clinical success rates, respectively, with 10.4% of AEs [56]. Thus, the
choice between these approaches is based on a combination of factors including procedural
proficiency, risk of adverse events, and anatomical factors, such as the presence of a dilated
bile duct or bile radicals, duodenal stenosis, and altered anatomy [57].

3.1.5. Comparison between ERCP and EUS-BD

The first study that compared ERPC vs. EUS in the drainage of biliary obstruction was
a multicenter retrospective study demonstrating similar rates of technical success (94.23%
for ERCP vs. 93.26% for EUS-BD, p = 1.00) and adverse events (8.65% for ERCP vs. 8.65%
for EUS-BD); however, the ERCP was burdened by 4.8% of post-procedural pancreatitis [58].
Similar results were found in a meta-analysis showing that both techniques were equally
effective in achieving biliary drainage (ERCP = 94.73%; EUS = 93.67; pooled odds ratio (OR):
1.20; 95% confidence interval (CI): 0.44-3.24) while there was no significant difference in
adverse events (ERCP = 22.3%; EUS = 15.2%; OR 1.59; 95% CI 0.89-2.84), and furthermore,
post-procedure pancreatitis (PEP) was significantly higher for ERCP (9.5% vs. EUS = 0;
risk difference: 8%; 95% CI: 1-14%) [59]. Additionally, in cases of a gastroduodenal stent,
the EUS-guided approach has been proven as technically and clinically superior when
compared to ERCP [60], especially in the setting of concomitant double obstruction [61].
Finally, another systematic review and meta-analysis confirmed no significant differences in
technical and clinical success between ERCP and EUS-BD, with lower rates of reintervention
for EUS-BD [62].

3.2. Malignant Gastric Outlet Obstruction (mGOO)

The most frequent cause of mGOQO in Western countries is pancreatic adenocarci-
noma (between 15 and 25% of patients with pancreatic cancer develop MGOO during the
course of the disease) [63]. Anyway, any other neoplasia occluding pylori or duodenum
leads to mGOO, even if less frequently, as in the case of gastric cancer, neoplasms of the
proximal duodenum and ampulla, local extension of advanced gallbladder carcinoma or
cholangiocarcinoma, metastatic or primary malignancy in the duodenum, gastric carcinoid,
or gastrointestinal stromal tumors/gastric leiomyosarcomas. The GOO-related clinical
manifestations include abdominal pain, nausea and/or vomiting, early satiety and/or
anorexia, bloating, and weight loss, which in the long term lead to cachexia. Furthermore,
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cancer progression increases these symptoms, also leading to dystrophy, general fatigue,
dehydration, and electrolyte balance disorders [64,65]. By the way, the prognosis of these
patients is related to tumor progression or an impaired general condition, so patient sur-
vival is also closely associated with the development of cachexia [66]. However, the lack of
minimally invasive treatments in the past caused those patients with mGOO to undergo
surgery to bypass the GI obstruction through a gastrojejunostomy, which was associated
with a biliary shunt when occurring concurrently with biliary obstruction. However, those
patients with advanced disease involving the GI tract are usually in poor condition and
are not good candidates for surgery, so less invasive treatments have been developed
over the years to rapidly and more safely treat this condition, improving many conse-
quent outcomes, such as time to re-feeding, hospitalization time, and management costs.
This goal was achieved with the development of endoscopic approaches such as enteral
stent placement and more recently the creation of EUS-guided gastro-entero-anastomosis
(EUS-GEA). Moreover, GOO-related symptoms were gathered into a score by Adler and
colleagues, the gastric outlet obstruction scoring system (GOOSS score, Table 1), which
is extremely helpful in easily following clinical outcomes after procedures through the
improvement of patients’ feeding [67]. In fact, clinical success is generally defined by
remission of obstructive symptoms and resumption of oral feeding, when treating mGOO.
Anyway, the choice between GEA and enteral stenting is dependent on different variables,
so a prognostic scoring system was recently developed for patients with MGOO due to
pancreatic adenocarcinoma in order to propose the best procedure depending on the sur-
vival predicted: a score between 0 and 1 indicates a better prognosis for the patient, so GEA
should be preferred, while patients with a score between 2 and 4 have a worse prognosis
and enteral stenting could be a better option [68].

Table 1. The gastric outlet obstruction scoring system (GOOSS).

Level of Oral Intake GOOSS Score
No oral intake 0
Liquids only 1
Soft solids 2
Low-residue or full diet 3

3.2.1. Enteral Stenting

Endoscopic placement of an enteral stent was the first endoscopic option for treating
mGOO as an alternative to surgical GEA [69], being extremely useful for those patients
unfit for surgery, but it had a high rate of reintervention and low patency time compared
to gastrojejunostomy [70]. Anyway, enteral stenting is alternatively used to re-establish
channeling in patients with malignant gastrointestinal obstruction who are not eligible for
surgery and with short life expectancy (less than 6 months) [71]. The first case reported in
the literature of a self-expanding metallic stent for GOO dates back to 1992 [69]. Various
studies have supported the efficacy and safety of enteral stenting in the management of
unresectable mGOO since then [72-74]. Technical success, defined as the correct placement
of the stent across the tumor stenosis, is frequently very high. In a systematic review with
pooled analysis including 19 studies and 1281 patients, the overall pooled technical success
rate was 97.3% and the clinical success rate was 85.7% [75]. According to the technique, a
guidewire is placed beyond the duodenal stenosis over which the stent is then slid under
radiological and endoscopic view (through-the-scope techniques). Finally, the injection
of intraluminal contrast dye verifies both the regular flow through the SEMS after the
obstruction site and the absence of any extra-luminal diffusion. Currently, we have three
main types of enteral self-expandable metal stents (uncovered, partially covered, or fully
covered) with different lengths, diameters, and radial expansive forces. In a systematic
review including five trials with a total of 443 patients with MGOO, the authors compared
the outcomes of covered SEMS vs. uncovered SEMS, showing that covered SEMS had a
lower rate of stent occlusion (number-needed-to-treat, NNT, of 5) despite higher rates of
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stent migration compared with the uncovered SEMS (RD: 0.09, 95% CI [0.04, 0.14], 12 9%,
with a number-necessary-to-harm [NNH] of 11) [76]. In 2018, a systematic review confirmed
that duodenal stenting had a faster return to oral intake, and shorter hospitalization time
despite an increased recurrence of symptoms and increased reintervention rate when
compared to surgical GEA [77]. As far as adverse events are concerned, the percentage
varies between 0 and 30%, and they are strictly connected to the definition indicated
in the study. Therefore, we have minor adverse events such as mild pain, nausea, and
vomiting and major adverse events such as bleeding, perforation, and stent migration [78].
In the particular case where patients develop secondary MGOO and/or concurrent biliary
obstruction, the positioning of the SEMS may increase the risk of biliary dysfunction. In
the analysis by Hamada T et al., 410 patients with distal malignant biliary obstruction were
enrolled and a duodenal SEMS was positioned in 33 (8%), 17 (52%) of whom developed
biliary dysfunction with an average of 64 days after stent placement [79].

3.2.2. EUS-Guided Gastro-Entero-Anastomosis

EUS-guided GEA represents a novel and minimally invasive alternative to surgery
and enteral stent for managing malignant GOO, and the literature shows increasing ev-
idence in support of the advantages of EUS-guided anastomoses. In the past, surgery
for gastrojejunostomy bypass was the most common option [80], but nowadays the de-
velopment of EUS-GEA permits a less invasive option with similar efficacy and either
fewer days of hospitalization or time to oral feeding for creating a GEA. Moreover, when
malignancy causes concurrent biliary and duodenal obstruction, the EUS-guided approach
may become the preferred one in the current era of EUS-guided procedures, [61] even if
depending on the location of the obstruction, as indicated by the “bilioduodenal” classi-
fication [81]. The first EUS-guided method to create a GEA was reported in 2003 [82] in
a porcine model but without adequate devices. Nowadays, the number of devices has
increased but the technique is still not completely standardized, so some dedicated groups
have worked on recognizing the differences among techniques and tertiary centers in order
to better understand which is the best approach [83]. In general, the endosonographer
firstly advances a catheter (or a double balloon/single balloon enteric tube) over a stiff
guidewire through the gastric or duodenal stricture, and then saline is injected downstream
of the stricture in order to fill the jejunal lumen. Finally, after EUS-identification of the
enlarged enteral loop (“target”), the distal flange of the LAMS is deployed into the jejunal
lumen (using the hands-free technique or through a guidewire previously placed through
loop puncture with a fine-needle) and the proximal flange is deployed into the gastric
lumen (with or without the intra-channel release technique). As described above, different
variants of the technique have been developed over the years, changing the devices used
for GEA creation or for loop enlargement, or in techniques for the target loop puncture.
By the way, EUS-GEA for the treatment of gastric outlet obstruction (GOO) was initially
performed only with one type of electrocautery lumen-apposing metal stents (EC-LAMS),
especially thanks to the releasing system permitting the easy use of the wireless “free-hand”
technique, but the use of another EC-LAMS was recently reported in the creation of a
EUS-GEA [84,85], so further comparisons are expected in the near future. In general, there-
fore, the techniques for EUS-GEA can be summarized as direct EUS-GE, balloon-assisted
EUS-GE, EUS-guided double-balloon-occluded gastrojejunostomy bypass (EPASS), and
the wireless EUS-guided gastroenterostomy simplified technique (WEST), techniques that
are described in-depth in other technical studies [85-90]. All in all, EUS-GEA is changing
the approach to mGOO, moving toward becoming the standard of care in the future. In
a meta-analysis including twelve studies and 290 patients the pooled technical success
rate was 93.5% (95% CI, 89.7-6.0%; I 0%) and the pooled clinical success rate was 90.1%
(95% CI 85.5-93.4%; 12 0%), even if the studies included different techniques, mostly direct
EUS-GE (68.2%), and indications were for mGOO only in 62.4% of cases [91]. Recently, a
further and updated meta-analysis including 1493 patients with both benign and malignant
GOO treated with EUS-GEA showed technical success and clinical success rates of 94%
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and 89.9%, respectively. Furthermore, safety analysis showed a pooled rate of AEs of
13.1% [92]. Moreover, a recent multicenter retrospective study evaluated differences in
treating mGOO with EUS-GEA (n = 187) vs. surgical gastrojejunostomy (SGJ, n = 123),
showing significantly lower time to resumption of oral intake (1.40 vs. 4.06 days, p < 0.001)
and a shorter length of stay (5.31 vs. 8.54 days, p < 0.001) comparing EUS-GEA with SGJ,
with no differences in technical and clinical success between procedures (97.9% vs. 100%
for TS and 94.1% vs. 94.3% for CS, respectively) [93]. In a matched comparison analysis
of EUS-GEA vs. endoscopic stenting (ES), clinical success was, respectively, 100% vs. 75%
(p = 0.006), with a lower recurrence rate (3.7% vs. 33.3%, p = 0.02) and a trend toward
shorter time to chemotherapy [94]. However, a challenging scenario recently explored was
the creation of EUS-GEA for GOO with peritoneal carcinomatosis, which showed slightly
better outcomes when compared to SGJ, having comparable technical success (both 100%)
and clinical success (88% vs. 85%, p > 0.99), but a lower rate of AEs (8% vs. 41%, p = 0.01,
respectively). EUS-GEA is generally a safe technique, showing 12.9% of AEs in a prospec-
tive study evaluating 104 patients [94], which was similar to those pooled rates presented
in the meta-analyses (13.1%), which was significantly low when compared to SGJ (13.4%
vs. 33.3%, p < 0.001) [92,93]. Various comparative studies have been published in order to
evaluate which is the most effective treatment for those patients developing mGOO, even
if most of them have been retrospective so far. A recent meta-analysis of fifteen studies
(n = 1441) showed higher pooled clinical success without recurrent GOO of EUS-GE when
compared to ES or SGJ combined (OR, 2.60; 95% CI, 1.58-4.28) [95]. An overview of the
outcomes, when comparing different techniques for mGOO, is shown in Table 2. Regarding
the safety of these procedures, the table clearly shows some differences depending on the
procedure, highlighting a generally better profile of the EUS-GE compared to a surgical
approach, but even when compared to enteral stenting. Miller et al. showed a significantly
lower pooled rate of AEs for the EUS-GE group compared to ES or SGJ grouped together
(OR: 0.34; 95% CI: 0.20-0.58), or SGJ alone (OR: 0.17; 95% CI: 0.10-0.30) and no significant
differences when compared to ES alone (OR: 0.57; 95% CI: 0.29-1.14) [95]. However, it is
important to keep in mind that training for performing EUS-GE is still not well-established
and these procedures are mainly performed by skilled and expert endosonographers, so
this could be a bias in the context of real-world clinical practice.
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3.2.3. Natural Orifice Transluminal Endoscopic Surgery (NOTES)

Another endoscopic approach for palliation of tumors causing mGOO is the natural
orifice transluminal endoscopic surgery (NOTES) for creating gastro-entero-anastomosis,
which is still under development. Even if it has been proven to be as effective mostly in
porcine models [105,106], it is still an option as a rescue therapy in the case of complete stent
misdeployment during EUS-GEA [107,108]. Endoscopic access to the peritoneum was first
described by Kalloo et al. [109] in a porcine model in 2004, changing our way of thinking
about endoscopy and leading to the development of a new technique for creating EUS-GE or
performing submucosal tunneling endoscopy. Various studies, mostly performed on animal
models, demonstrated the feasibility and safety of performing NOTES-GE [106,110,111].
NOTES-GE includes several variations of the technique, but it generally starts in a similar
way, with the identification of the small bowel segment closest to the gastric wall (usually
corresponding to the ligament of Treitz) [112] through an echoendoscope. Then, a 19-
gauge needle is used to insert a guidewire into the peritoneal space toward the ligament
of Treitz, so the dilation of the tract permits the passage of a double channel forward-
viewing endoscope into the peritoneal space. Under a direct endoscopic view, the small
bowel distal to the obstruction is grasped by forceps while a 19-gauge needle punctures
the small bowel inserting a guidewire. Therefore, an EC-LAMS is inserted under direct
endoscopic visualization over the wire into the small bowel lumen, where the distal flange
is deployed. Both the stent delivery catheter and the scope are finally pulled back within the
gastric lumen, where the proximal flange is deployed creating the gastroenterostomy tract.
Therefore, although animal data, as abovementioned, have demonstrated the feasibility of
NOTES-GE, data on clinical settings are limited, and so the sample size is extremely small
to apply it in clinical practice, despite the high technical and clinical success rates achieved
in the described cases [112-114].

4. Pain Secondary to Bilio-Pancreatic Cancers

Patients with advanced bilio-pancreatic cancers may develop untreatable chronic
abdominal pain, mainly due to the perineural invasion of tumor cells, and pain is present
in 70-90% at diagnosis [115]. Pain management usually begins with medication titration
in these oncological cases (i.e., progressing from nonsteroidal anti-inflammatory drugs to
narcotics) but, unfortunately, they often are not able to fully relieve it despite adherence
to the World Health Organization (WHO) analgesic ladder [116]. Moreover, celiac plexus
neurolysis (CPN) also has a role in pain management in patients with advanced pancreatic
cancer; in fact 16 trials have been published since 1997 evaluating its effectiveness in pain
management and more than 50% of the patients enrolled had a reduction in pain intensity
or decreased opioid consumption [117]. Therefore, alternative and additional therapeutic
options to painkillers and opioids have been evaluated over the years, such as celiac plexus
neurolysis (CPN) or celiac ganglia neurolysis (CGN) with various agents, administered
either percutaneously or transgastrically [118]. CPN is the most widely used interventional
procedure for the treatment of abdominal cancer pain, demonstrating efficacy for patients
with both malignant and chronic non-malignant pain [119,120]. The celiac plexus is a
dense network of autonomic fibers innervating visceral abdominal organs converging into
the celiac ganglia, which are located in the retroperitoneum and adjacent to the origin of
the celiac trunk. CPN may be able to reduce pain intensity and thus decrease systemic
analgesic intake. Some authors have shown long-lasting pain relief for patients with
pancreatic and intra-abdominal cancers with a benefit ranging from 50 days up to the time
of death [121,122]. However, EUS technically permits performing CPN through the gastric
wall, which allows for a safer and more effective procedure, as first described by Wiersema
in 1996 and showing pain improvement in 79-88% of patients [123]. The safety profile is
fundamental, because the EUS-guided transgastric approach allows direct access to the
celiac plexus, leading to a reduction in the risk of injuries to the spinal nerve, diaphragm,
or spinal artery.
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EUS-Guided Neurolysis

Injection of substances into the celiac plexus is an established method for relieving
pain in upper abdominal malignancies [124]. Absolute ethanol is commonly used after
an injection of bupivacaine for performing CPN, while a combination of bupivacaine and
triamcinolone is used in case of celiac plexus blockade. The safety of a combination of receiv-
ing 20mL of 0.75% bupivacaine followed by 10 mL or 20 mL of alcohol for EUS-CPN was
prospectively demonstrated in a cohort of 20 patients [125]. No major complications were
seen in either group while minor self-limited AEs were seen in six (30%) subjects, including
lightheadedness (5%), transient diarrhea (10%), and transient nausea and vomiting.

Technically, EUS-guided CPN consists of directly injecting substances in the two sides
of the aorta at the level of origin of the celiac artery where the celiac ganglia are located,
while maintaining the sagittal imaging of the aorta. Some authors inject 3 mL of 0.25%
preservative-free bupivacaine followed by 10 mL of dehydrated 98% absolute ethanol into
each side [126]. The result of the alcohol injection is an echogenic “cloud”, which may cause
discomfort after the procedure. In 2001, Gunaratnam et al. [127]. performed EUS-CPN
in 58 patients with pancreatic cancer pain, reporting pain relief in 78% of them. Further
initial data showed low efficacy (68.1% of patients with pain relief [128]), so predictive
factors were also explored in order to enable rational selection of the therapeutic strategy.
Therefore, in the first analysis in 2011, direct invasion of the celiac plexus and left-sided
distribution of the injected ethanol were identified as significant predictors of a negative
response to CPN [128]. Another evaluation of predictive factors in 2021 confirmed celiac
plexus invasion (13.2 OR, 95% CI 3.02-46.27, p = 0.003) as significant negative independent
pain response factors to EUS-CPN, also adding invisible ganglia (49 OR, 95% CI 2.25-17.91,
p = 0.011) and presence of distant metastases (6.84 OR, 95% CI 2.34-19.15, p = 0.022) [129].
In 2008, a meta-analysis including eight studies with 283 oncologic patients undergoing
EUS-CPN showed a pooled proportion of pain relief of 80.12% (95% CI 74.47-85.22) [130].
However, a meta-analysis evaluating the bilateral and unilateral EUS-CPN approaches and
including 437 patients did not find a significant difference between the two approaches
both in terms of short-term pain relief (SMD = 0.31, 95% CI (—0.20, 0.81), p = 0.23) and
response to treatment (RR = 0.99, 95% CI (0.77, 1.41), p = 0.97), even if only the bilateral
approach showed a significant reduction in the postoperative use of analgesics (RR = 0.66,
95% CI (0.47, 0.94), p = 0.02) compared to the unilateral approach [131]. However, on the
other hand, a more specific variant of neurolysis consists of directly injecting agents into
the ganglia, which are visualized as small and hypoechoic oval images at EUS-view. One
of the first studies performing EUS-CGN with alcohol in 17 patients with pancreatic cancer
and in 5 patients with chronic pancreatitis resulted in an improvement of pain scores in 94%
and 80% of patients, respectively [132]. Later, a multicenter randomized trial comparing
EUS-CGN and EUS-CPN showed a higher positive response rate at 7 postoperative days
(POD) in the CGN group (73.5%) than in the CPN group (45.5%; p = 0.026), confirmed
when evaluating the complete response rate (CGN group 50.0% vs. CPN group 18.2%;
p =0.010) [133]. A recent meta-analysis including 16 studies with 727 patients showed an
overall response rate to EUS-CPN of 53% (95% CI 45-62%, 2 68%, p =0.01) at week four,
regardless of the technique (central injection, bilateral injection, or CGN). Specifically, in
subgroup analysis, EUS-CGN showed the highest proportion response, with 76% (95%
CI, 71-82%; 12 0.01%, p = 0.38) and 58% (95% CI, 48-69%,; 2 64.9%) at week two and
four, respectively [117]. Recently, a multicenter prospective trial including 51 consecutive
patients [134] evaluated the effectiveness of EUS-CPN in combination with EUS-CGN,
defined as a decrease in the numerical rating scale (NRS) by >3 points 1 week after the
procedure, which was 82.4%. However, complete pain relief, defined as NRS = 0 at 1 week
after the procedure, was achieved only in 27.4% of patients.
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5. Conclusions

In conclusion, endoscopy is an effective and safe approach for managing most of
the clinical manifestations of advanced biliopancreatic tumors in the palliative setting
(Figure 4).

Advanced bilio-pancreatic
cancers

Biliary Gastric Outlet Chronic
Obstruction Obstruction abdominal pain

Proximal/Hilar Distal
— | Stk M |

| Bismuth Type /11 ‘ | Bismuth Type IlI/IV |
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biliary drainage

EUS-guided gastro- EUS-guided celiac
entero-anastomosis neuroiysis

ERCP/percutaneous
| biliary drainage |

EUS-guided
biliary drainage

EUS-guided
biliary drainage

Other non-endoscopic
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Other non-endoscopic
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Other non-endoscopic
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Figure 4. Algorithm of the management of clinical manifestations of advanced bilio-pancreatic
tumors.

Furthermore, in addition to being a minimally invasive approach, which permits
treating fragile and unfit-for-surgery patients, it has the advantage of treating many neo-
plastic clinical conditions during the same session, as in the case of MBO and mGOO,
reducing anesthesiological risks and improving outcomes. However, palliative endoscopic
advanced procedures require tertiary bilio-pancreatic centers due to the complexity of
some techniques, mainly in the contest of EUS-guided therapeutic procedures. Moreover,
tertiary centers guarantee the expertise of different specialists involved in the management
of those patients with advanced bilio-pancreatic tumors, permitting them to propose the
best options and manage the patient at 360 degrees, even in cases of the technical failure of
endoscopic procedures.
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Simple Summary: Neuroendocrine tumours (NETs) are relatively rare gastrointestinal neoplasms.
Many NETs have a favourable prognosis, but some show aggressive features and poor long-term
survival. A relatively higher incidence of small lesions amenable to endoscopic resection has been
noted. The aim of this review is to present a thorough review of the literature to assist clinicians in
the endoscopic management of neuroendocrine tumours (rectal, gastric, duodenal, pancreatic and
oesophageal NETs), to highlight novel endoscopic therapeutic techniques of resection.

Abstract: A literature search of MEDLINE/PUBMED was conducted with the aim to highlight
current endoscopic management of localised gastro-entero-pancreatic NETs. Relevant articles were
identified through a manual search, and reference lists were reviewed for additional articles. The
results of the research have been displayed in a narrative fashion to illustrate the actual state-of-the-
art of endoscopic techniques in the treatment of NETs. Localised NETs of the stomach, duodenum
and rectum can benefit from advanced endoscopic resection techniques (e.g., modified endoscopic
mucosal resection, endoscopic full thickness resection, endoscopic submucosal dissection) according
to centre expertise. Radiofrequency thermal ablation can be proposed as an alternative to surgery in
selected patients with localised pancreatic NETs.

Keywords: NET; endoscopy; ESD; EMR; ablation

1. Introduction

Neuroendocrine tumours (NETs) are neoplasms derived from the diffuse neuroen-
docrine cell system. NETs can occur in different organs, including the pancreas, the duo-
denum, the stomach and the rectum, and they show a general relatively indolent growth
rate together with the peculiar capacity to secrete a discrete range of active peptides and
biogenic amines [1]. Gastro-entero-pancreatic neuroendocrine tumours (GEP-NETs) are still
considered rare entities, although their incidence has significantly increased over the last
40 years. The age-adjusted incidence of GEP-NETs has gradually increased up to 3.65-fold in
the United States and 3.8- to 4.8-fold in the United Kingdom. The largest increase occurred
in gastric and rectal NETs, while the smallest increase occurred for small bowel NETs [2-6].
This increase in incidence is particularly evident for localized, low-grade tumours. Many
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studies found that even with a marked overall increase in incidence, the number of patients
with distant metastases remained stable over 15 years. These data strongly suggest that
increased NET incidence may be associated with the enhanced identification of small and
asymptomatic lesions [5-7].

Regarding staging and biopsies, both conventional imaging and advanced imaging
techniques, such as computed tomography (CT) scans, magnetic resonance imaging (MRI),
and somatostatin receptor-based imaging (specifically, positron emission tomography
(PET)/CT with 68 Ga-DOTA-peptides), are employed to accurately assess the disease and
detect any possible distant metastases. If there is any indication of bone metastases on
traditional imaging, it is recommended to conduct magnetic resonance imaging (MRI) of
the spine and a 68 Gallium-positron emission tomography (PET) scan [8-11]. Considering
the increased identification of small treatable lesions, our aim was to focus on the endo-
scopic treatment of oesophageal neuroendocrine tumours (O-NETs) gastric neuroendocrine
tumours (G-NETs), duodenal neuroendocrine tumours (D-NETs), rectal neuroendocrine tu-
mours (R-NETs) and pancreatic neuroendocrine tumours (P-NETs) that can be treated with
endoscopic treatment. The focus on endoscopic treatment lies in its decreased invasiveness
in comparison to conventional surgical methods while simultaneously guaranteeing similar
effectiveness, as substantiated by recent medical research described hereafter.

2. Materials and Methods

We performed a literature search of EMBASE and MEDLINE databases, using the fol-
lowing keywords: rectal, rectum, gastric, duodenal, duodenum, oesophagus, oesophageal,
pancreas, pancreatic, carcinoid, NET, therapy, endoscopy, mucosal resection, and sub-
mucosal dissection, to answer the following question “What endoscopic treatments are
available for neuroendocrine tumours?”. An author reviewed the literature and identi-
fied the most relevant articles on this topic. Controversies related to case selection were
discussed with two other reviewers, experts in advanced endoscopic resection techniques
(EJD and AM).

3. Results
3.1. Oesophageal NETs

Oesophageal NETs represent only 0.2% of GEP-NETs. They are usually diagnosed
incidentally as discrete polypoid lesions or in association with adenocarcinoma in Barrett’s
oesophagus [12-14]. Endoscopic and histological features of O-NETs are not specific. In
addition, due to the scarcity of evidence, guidelines for the treatment of O-NETs are missing,
and physicians are mostly guided by local expertise and patient preference.

In a publication by Schizas et al. [13], endoscopic resection has been proposed in
O-NETs measuring less than 10 mm in size with the absence of regional lymph node
metastases. This was also supported by Yazici et al. [14], who proposed a threshold
of 10 mm as the maximum size recommended for the endoscopic resection of O-NETs.
However, this indication is not supported by a large body of evidence but rather by the
extrapolation of data from gastric and rectal NETs, which have shown higher rates of lymph
node metastases for lesions measuring over 10 mm in size.

Although EMR allows for the en-bloc excision of small O-NETs, ESD appeared to be
more accurate, allowing for a more accurate pathological examination of the respected
specimen, which may not be obtained by EMR because of mucosal damage occurring
during the resection [14] (Table 1).

Table 1. Endoscopic management of well-differentiated oesophageal neuroendocrine tumours.

Size

Proposed Treatments Body of Evidence Pros and Cons

Oesophageal NET < 10 mm

ESD Case report Little evidence to support the data.
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3.2. Gastric NETs

G-NETs are classified into three categories according to the background gastric pathol-
ogy: type 1 (prevalence 75%), type 2 (prevalence 5-10%), and type 3 (prevalence 15-25%)
(Figure 1). Type 1 G-NETs are typically small, multiple, and associated with chronic at-
rophic gastritis with hypergastrinaemia and enterochromaffin-like cell hyperplasia. Type
2 G-NETs share the same pathological pathway due to excessive production of gastrin,
although they are produced by a gastrinoma in the context of Zollinger-Ellison syndrome,
usually in the setting of a multiple endocrine neoplasia type 1 (MEN-1). Type 3 G-NETs are
sporadic lesions, typically solitary and undifferentiated; in addition, they are often larger in
size when compared to type 1 and 2 G-NETs, and they occur in the setting of normal gastrin
levels [9,10]. The tumour cell proliferation index allows for a further grading of G-NETs
from G1 to G3 according to the World Health Organization (WHO) [15]. G1 has a mitotic
count of <2 per 10 high-power fields (HPF) and/or Ki-67 < 2%; G2 has a mitotic count of
2-20 per 10 HPF and/or Ki-67 3-20%; and G3 has a mitotic count and a Ki-67 > 20 [15,16].

Figure 1. Example of type 1 gastric NET in the context of autoimmune atrophic gastritis on the left;
example of rectal NET on the right.

3.2.1. Type 1 Gastric NETs

Type 1 G-NETs occur more frequently in females because of their increased incidence
of autoimmune chronic atrophic gastritis. Type 1 lesions are usually G1 tumours; thus, their
metastatic risk is extremely low, and the prognosis is excellent. They are generally asymp-
tomatic and usually incidentally detected during screening upper GI endoscopy [9,16-20].
The recent 2023 ENETS guidance paper listed ESD, EMR (standard and modified-EMR—m-
EMR, with utilization of cap aspiration or with a ligation device or grasping forceps) and
EFTR as possible treatments for localised, low-grade (G1 and G2), type 1 G-NETs [10]. Nev-
ertheless, there are still no significant data documenting the superiority of any method [21].
Prospective studies comparing endoscopic resection methods are scarce, and the majority
of data are provided mainly by retrospective studies [17].

A study with 62 patients and 87 type 1 G-NETs sized <10 mm, treated with ESD or
EMR, compared their efficacy. The complete resection rate was higher when ESD was
performed (94.9% vs. 83.3%, p-value = 0.174), although this was not statistically significant.
However, a statistically significant difference was noted in the vertical margin involvement
rate, which was lower in the ESD group (2.6% vs. 16.7%, p = 0.038). No difference was
noted in the complication rate between the two groups [22].

A smaller study that included 13 type 1 G-NETs compared ESD and EMR as endoscopic
resection techniques and measured effectiveness according to complete resection [23].
Seven ESDs and six EMRs were performed. The horizontal margins of excision were
negative for all lesions, but the vertical margins were positive in four lesions (66.7%), all of
them in the EMR group.

Recently, a large Korean study evaluated 103 patients with 114 tumours managed with
EMR and ESD. En-bloc resection rates were similar, but complete resection was signifi-
cantly higher in the ESD group. In addition, adverse event rates were similar among the
two groups due to the need for surgical management and a disease-free survival rate [23].
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A recent systematic review regarding the optimal endoscopic resection technique
analysed 6 studies with 112 gastric type 1 NETs removed by EMR and 77 by ESD. Both
methods appeared to have similar complete en-bloc resections, complications, and adverse
event rates [21].

Surgical treatment is recommended only for patients with type 1 tumours that are
predicted as T2 or lesions post-resection with positive margins; local wedge excision or
partial gastrectomy should be considered (Table 2) [9,10].

Table 2. Endoscopic management of gastric neuroendocrine tumours.

Size Proposed Body of Evidence Pros and Cons
Treatments
Slight advantage of ESD over m-EMR in complete
ESD . . . . .

. Multicentre retrospective resection rates and free vertical margins.

Gastric NET m-EMR (cap- or . . oo
Type 1 < 10 mm ligation-assisted) study No differences in terms of rates of complication.
M Follow 1 Retrospective studies Some evidence for conservative treatment “watch
P and wait” in G1 NETs.

. ESD

Gastric NET m-EMR (cap- or Consensus Same as type 1 gastric NETs.

Type 2 <10 mm

ligation-assisted)

Gastric NET
Type 3

Surgery Consensus

It is noteworthy that, in patients with small (<10 mm) type 1 G-NETs who remained
under endoscopic surveillance without resection, studies have shown no tumour-related
deaths, even after a significant follow-up period (54-68 months). This conservative man-
agement seems to be a rational approach in selected patients with type 1 G-NETs, such as
elderly patients with small tumours [24,25].

3.2.2. Type 2 Gastric NETs

Type 2 G-NETs are linked with multiple endocrine neoplasia type 1 (MEN1) and
Zollinger-Ellison syndrome (ZES). Approximately 13-37% of all patients with MEN1-ZES
have been diagnosed with type 2 G-NET, while type 2 NETs are detected in only 0-2%
of patients with sporadic ZES (without MEN1). Type 2 G-NETs are equally found in
both male and female patients; around 30% of these lesions are metastatic at presentation.
Additionally, patients with type 2 G-NETs have a lower survival rate than patients with
type 1. Furthermore, although the majority of type 2 lesions are asymptomatic, the most
common presenting symptom is related to peptic ulcers. This is due to the increased gastric
acid secretion that can subsequently cause the development of peptic ulcers [26-28].

According to the ENETS guidelines, for type 2 G-NETs, treatment is usually dictated
by the presence or not of additional duodenal and/or pancreatic lesions as part of MEN-1.
Local or selective excision may be recommended, but this should be decided in multidisci-
plinary NETs centres of excellence [10]. The NCCN and the French Intergroup guidelines
state that endoscopic resection may be indicated for lesions measuring up to 2 cm, and
multiple biopsies of the surrounding mucosa are recommended for hypergastrinaemic
patients [8,9]. However, because of their rarity, data on type 2 G-NETs are scarce; therefore,
MDT discussion should always be encouraged.

3.2.3. Type 3 Gastric NETs

Type 3 G-NETs are usually high-grade lesions (G3) with a tendency to infiltrate the
muscularis propria, with a higher rate of lymphovascular involvement; this type of G-NETs
is usually metastatic at presentation, with spreading to regional lymph nodes or liver. It
often appears as a single lesion, usually greater than 10 mm. An atypical presentation (not
serotonin related) of “carcinoid syndrome,” including flushing, tachycardia, and diarrhoea,
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occurs rarely in patients with gastric NETs (<1%) and is almost exclusively associated with
type 3 tumours with liver metastasis [29-31].

ENETS guidelines recommend that type 3 G-NETs should be managed in the same way
as gastric adenocarcinomas [10]. NCCN guidelines recommend radical gastric resection
with perigastric lymph node dissection for localized type 3 G-NETs [8]. Interestingly, recent
evidence has shown that carefully evaluated patients with small-size (<10 mm) and low-
grade type 3 G-NETs could benefit from endoscopic resection [29,32,33]. A multicentre
study gathering evidence from six tertiary referral centres found that endoscopic resection
or limited surgical resection is feasible and safe in type 3 G-NETs under 10 mm that
demonstrate a favourable grade (G1 or low G2) [34]. Nevertheless, MDT discussion in a
tertiary referral centre is recommended before considering the endoscopic management of
small and G1 type 3 G-NET [35].

3.3. Duodenal NETs

Duodenal NETs are rare, representing 2—4% of gastrointestinal NETs; they present
as solitary lesions, confined to the duodenal submucosa [11], measuring different sizes.
Endoscopic resection is recommended for D-NETs under 10 mm, although rare cases of
local and distant metastases have been reported even for such small lesions [36]. In fact,
D-NETs < 10 mm have a 14% rate of nodal metastasis, which increased to 47% for D-NETs
measuring 21-50 mm in size. The invasion of the muscularis propria usually involves a
size greater than 2 cm, and the presence of mitotic figures is an independent risk factor for
metastasis [8-10].

D-NETs smaller than <10 mm confined to the submucosal layer and without lymph
nodes or distant metastasis [8-10] are treated endoscopically when resection is required.
Endoscopic resection in this setting is considered safe and effective. Conversely, surgical
treatment is recommended for large (>20 mm) and/or metastatic D-NETs (Table 3).

Table 3. Endoscopic management of well-differentiated duodenal neuroendocrine tumours.

Size TIr):gf;:\Ctls Body of Evidence Pros and Cons
m-EMR Acceptable rates of en-bloc resection and
EMR Multicentre endoscopic full resection for m-EMR.
ESD retrospective study Role of ESD is still to be decided (little
Py ] . supporting evidence).
Duodenal NET <10 mm Band-and SIOI.lgh Small Sar.nple size 50% of RO in the larger cohorts of patients (90% in
Laparoscopic retrospective studies surgery patients)
endoscopic Case series gery p :

cooperative surgery

Only initial data for laparoscopic endoscopic
cooperative surgery.

Therapy is a subject of debate for non-functional, localised, well-differentiated (G1)
D-NETs. Both endoscopic therapy and surgical interventions are seen as viable options in
this particular scenario. However, there is a dearth of controlled studies evaluating the
various techniques. Conversely, surgical intervention is advised for D-NETs that are bigger
than 20 mm [8-10,27].

There are only a few retrospective studies that have addressed the endoscopic resection
of D-NETs. One compared the outcomes of ligation-assisted endoscopic resection (EMR-L)
and conventional EMR of 15 D-NETs with a mean tumour size of 6.6 = 3.9 mm and mean
procedure time of 11.0 £ 11.2 min. En-bloc resection and complete resection rates were
higher in the ligation group (100% vs. 87.5%, and 85.7% vs. 62.5%, respectively), although
this was not statistically significant. There was no evidence of local or distant metastasis at
follow-up (26.1 & 20.7 months) [37].

In another study by Fujimoto et al. [38], which included 10 patients with D-NETs
treated with EMR-L, the en-bloc resection rate and endoscopic complete resection rates
were 100%. Nevertheless, complete histopathological resection with clear margins was
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observed in only 70% of the specimens and vertical margins were negative in all 10. Three
patients required additional surgical treatment because of lymphatic vessel invasion. No
recurrence was identified at follow-up (mean period: 18.6 months). One major adverse
event (perforation) was reported in one patient and was treated conservatively.

A recent retrospective study [36] evaluated the short- and long-term outcomes of ESD
for non-ampullary D-NETs. Eight patients with G1 D-NETs with a diameter of less than
10 mm, restricted to the submucosal layer, and no lymph node involvement or distant
metastases were included in the study. The majority of these lesions were in the duodenal
bulb, with a median size of 6.4 mm. En-bloc resection, RO resection, and curative resection
had respectively 100%, 88%, and 88% success rates. Perforation occurred in one patient
and was treated conservatively. Non-recurrencies were reported after a median follow-up
period of 34 months.

In a multicentre retrospective study from 2019 [39], 60 non-ampullary D-NETs that
underwent either endoscopic mucosal resection with a dual channel endoscope (EMR-D),
EMR-L, EMR with a transparent cap (EMR-C), EMR with circumferential mucosal pre-
cutting (EMR-P), or ESD were analysed and compared with surgical resection. For the
group that received endoscopic treatment (EMR-D, EMR-L, EMR-C, EMR-P and ESD), en
bloc resection, endoscopic full resection, and RO rates were 88%, 92% and 50%, respectively.
When the lesion size was more than 11 mm, the RO rate was lower (50%, p = 0.003), and
lymphovascular invasion was more common (33.3%, p = 0.043). The complete endoscopic
resection rate was even lower (50%) in the NETs group with lesions >11 mm. After the
histopathological analysis, patients who were treated surgically had a higher (90.9%) full
resection rate than those who were treated endoscopically (50%), showing the advantage of
surgical management for lesions larger than 10 mm.

Another new endoscopic technique is the band and slough technique (BAS), described
by Hawa et al. [40], which is a minimally invasive endoscopic procedure for the manage-
ment of small gastric and duodenal NETs (G-NETs and D-NETs). This is a variation of
the band ligation procedure without the resection of the lesion. The BAS technique was
used to treat three duodenal NETs and one type 1 G-NET, all of which were 10 mm in
diameter. After the initial session of banding, both patients reached full recovery with
no recurrence at the 3-month follow-up. Furthermore, 12-month monitoring of the site
with biopsies revealed no tumour recurrence. The technique is relatively easy to perform;
however, it does not provide a histological specimen and therefore its clear advantage in
tumour eradication when compared with traditional resection techniques (i.e., m-EMR,
ESD) is yet to be proven, and further numbers are therefore required [40].

Bourke et al. [41] conducted a retrospective study to assess patients with D-NETs who
underwent ESD at three tertiary referral centres in Australia, France, and Belgium between
2012 and 2022. The results of the study indicated that en-bloc resection rates for D-NETs
can reach 100% when performed by experienced endoscopists. There were no instances of
distant metastatic spread or local recurrence in this study, suggesting that ESD could be a
feasible alternative for patients with D-NETs measuring 10-15 mm who are not suitable
candidates for surgery. To the best of our knowledge, only a single case series of three
patients diagnosed with D-NETs and treated with EFTR can be found in the literature. The
decision of EFTR was based on poor fitness for surgery. To note, disease-free survival at
1-year follow-up was documented [42].

Laparoscopic endoscopic cooperative surgery is an alternative way to achieve the
full-thickness resection of D-NETs. The principle of this technique lies in associating the
advantages of endoscopic resection (the ability to clearly demarcate the lesion and to avoid
unnecessary bowel wall resection) with the suturing effectiveness of surgery. This technique
has been adopted mainly in Eastern countries on single cases, with one case series reporting
a curative resection in 85% of the cases [43].
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3.4. Rectal NETs

The neuroendocrine tumours of the rectum represent 34% of all diagnosed GEP-NETs,
and the rectum is the second site of localization by frequency after midgut (Figure 1). The
incidence of R-NETs based on the Surveillance, Epidemiology, and End Results United
States database (SEER) is approximately 1 per 100,000 population per year, accounting for
17.7% of all NETs [44—46].

As previously mentioned, a significant increase in the incidence in the R-NETs popu-
lation has been observed; however, this was not followed by a higher incidence of distal
metastasis, which remained stable. This scenario is likely to be explained by an improved
and earlier diagnosis [7,44-51].

Grade is important when it comes to appointing a prognosis to a patient. Lower
grades (G1-G2) are associated with better outcomes in terms of overall survival and risk
of metastasis, often taking advantage of localised and endoscopic treatments [52,53]. In
contrast, G3 grade is associated with the need for surgery, chemotherapy, and overall poor
survival rates (10% at 5 years post-diagnosis) [54].

A systematic review by Mc Dermott et al. included 14 studies with 4575 patients; this
showed that 80% of the R-NETs were <10 mm in size, 15% were between 10 and 20 mm, and
5% were >20 mm. Regional lymph nodal metastases were present in 8% of cases, and 4%
of all patients had distant metastases. Tumour size greater than 10 mm and muscular and
lymphovascular invasion were independently associated with increased risk of metastases.
The 5-year survival rate was 93% in patients presenting with localised disease [50].

In their systematic review and meta-analysis, Xin Zhou et al. examined the differences
between ESD, EMR, and modified ERM (m-EMR, an EMR performed with additional
assistant devices like a ligation band or suction cap). The investigation spanned 650 patients
and 10 retrospective studies. The results indicated that the ESD group had a higher rate of
complete resection than the EMR group (RR 0.89 95% CI [0.79, 0.99]). In contrast, the rates
of complete resection in both the ESD and m-EMR groups were similar (RR 1.03, 95% CI
[0.95, 1.11]). Although the procedure duration in the ESD group was considerably longer
than in the EMR group, the difference was not statistically significant (STD.50, 95% CI
[—3.14, 0.14]). In the EMR group, local recurrence was observed in five cases, whereas no
ESD patient experienced it [51].

These results were confirmed in a more recent meta-analysis by Zhang et al., which
evaluated the treatment outcomes after ESD, m-EMR, and EMR for R-NETs < 16 mm.
Compared with EMR, ESD achieved higher complete resection rates without increasing
the overall complication rate (OR = 4.38, 95%CI: 2.43-7.91). Nevertheless, ESD was more
time-consuming than EMR and m-EMR (respectively, MD = 6.72, 95%CI: 5.84-7.60 and
MD = 12.21, 95%CI: 7.78-16.64). The m-EMR shared comparable outcomes with ESD for
R-NETs < 16 mm. Both ESD and m-EMR were superior to conventional EMR in terms of
complete resection rate without increasing safety concerns [52].

More recently, multiple retrospective studies comparing different endoscopic resection
techniques for R-NETs < 10 mm, in the absence of deep invasion or lymphadenopathy,
have been published [53-56]. A study evaluated 77 small rectal R-NET (<10 mm) patients
treated by m-EMR with endoscopic submucosal resection with band ligation (ESMR-L)
(n = 53) or ESD (n = 24). En-bloc resection was achieved in all patients. A significantly
higher histopathological complete resection rate was observed in the ESMR-L group (100%)
than in the ESD group (54.2%) (p = 0.001). The procedure time of ESD was significantly
longer than that of ESMR-L [55]. Another similar retrospective study from Japan, including
96 patients treated with EMR (1 = 60), m-EMR (1 = 21) and ESD (n = 21), showed similar
results between the various resection techniques [57].

When endoscopy was compared with surgery in a large monocentric retrospective
propensity-matched study of 104 patients, who were equally distributed between ESD and
transanal endoscopic microsurgery (TEM) for R-NETs under 20 mm, a similar RO resection
rate was observed in the subgroup analysis divided by tumour size (<10 mm and 10 to
20 mm). However, a shorter procedure time and hospital stay for ESD patients (ESD 22
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[range, 11-65] vs. TEM 35 [range, 17-160] minutes; ESD 2.5 [range, 1-5] vs. TEM 4 [range,
3-8] days) was noted [58].

Another technique that can be considered for the removal of R-NETs under 10 mm
is endoscopic full-thickness resection. A multicentre retrospective study of 31 German
centres reported 501 endoscopic procedures, of which 40 cases were R-NETs, using a full-
thickness resection device (FTRD). The median lesion size was 8 mm and resection was
endoscopically and histologically complete in all cases whereas full-thickness resection
was achieved in 95% of cases. There were no major adverse events, and after follow-up
endoscopy, no evidence of residual or recurrent tumour was reported [59].

In another recent study from Korea, 115 patients with R-NETs (<10 mm) were included.
Rectal NETs were either removed by ESD (1 = 79) or underwater endoscopic mucosal
resection (UEMR) (n = 36). There was no difference in terms of R0 resection rate between
the UEMR and ESD groups (86.1% vs. 86.1%, p = 0.996), whereas the procedure time was
significantly shorter with UEMR (5.8 £ 2.9 vs. 26.6 &+ 13.4 min, p < 0.001) [55].

According to clinical management guidelines, surgical resection with the removal
of associated lymphatic tissue is the preferred treatment for R-NETs greater than 20 mm
because of the high risk of lymphatic invasion and metastasis [9,46]. The existence of
predictors of nodal involvement, including a tumour size > 15 mm, the atypical endoscopic
aspect, muscular layer invasion, a tumour grade of G2-G3, and lymphovascular invasion
should guide the management of R-NETs. A low anterior rectal resection with complete
mesorectal excision should be performed when one or more of these characteristics are
present [9,60,61].

To summarize, in R-NETs < 15 mm, advanced resection techniques (i.e., m-EMR, ESD,
EFTR) must be preferred to standard polypectomy or simple endoscopic mucosal resection
(EMR), which should be avoided because of the low rate of complete resection. In particular,
ESD could be considered as a first-line treatment for fibrotic lesions and should be selected
over m-EMR for lesions over 10 mm in diameter as it appears to achieve better complete
resection rate outcomes (Table 4) [9,60,61].

Table 4. Endoscopic management of well-differentiated rectal neuroendocrine tumours.

Proposed

Size Body of Evidence Pros and Cons
Treatments
ESD and m-EMR are similar in terms of complete
resection rates and complications for NETs under
10 mm.
ESD has a longer procedure time compared to m-EMR.
ESD . . m-EMR with ligation devices showed a little benefit
Systematic review . . e s
m-EMR and meta-analyses over ESD on vertical margin positivity.
Rectal NET < 20 mm (ligation-assisted) o ESD and m-EMR are both superior to standard EMR
Retrospective . .
EMR in terms of complete resection.

FTRD multicentre studies FTRD is feasible for R-NETs under 10 mm with a high

complete resection rate.
For NETs with a size from 10 mm to 20 mm, ESD
should be proposed, with a careful evaluation of
benefits over surgery techniques.

3.5. Pancreatic NETs

Pancreatic neuroendocrine tumour (P- NET) prevalence is 10% of all pancreatic neo-
plasms. Their prognosis is good, even in an advanced disease setting [9,62-64].

P-NETs are classified as either sporadic or genetically determined when they occur
in the context of inherited syndromes. Additionally, they are categorized according to
the manifestation or non-appearance of symptoms caused by hormone secretion, such as
insulin, gastrin, and glucagon, which are secreted by functional P-NETs [61,62]. Functional
pancreatic nanotubes (P-NETs) are typically detected during the early stages, when the
lesions are still minor [42]. In the majority of cases, surgery is the preferred treatment
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option for these tumours. Conversely, the detection of non-functional P-NETs typically
occurs at a later stage; however, the widespread application of CT and MRI imaging has
substantially augmented the detection rate of minor incidental lesions [63-65].

Surgery is the most common treatment for P-NETs, but it is associated with potential
perioperative risks. Specifically, postoperative complications can be more frequent than
those after surgery for ductal adenocarcinoma [66]. For non-functioning P-NETs, the
therapeutic approach depends on tumour localizations and size. The ENETs guidelines
recommend observation and surveillance for well-differentiated grade 1 tumours <2 cm [61].
However, the interim analysis of the ASPEN trial (a prospective international multicentre
study longitudinally following patients with P-NETs <2 cm, either monitored or resected)
suggested a more personalized management for non-functional P-NETs between 1 and
2 cm and a mandatory surgical resection for all lesions with a dilated main pancreatic duct,
as most of them exhibit a more aggressive biological behaviour [67].

Parenchyma-preserving surgery is preferable for small lesions, mainly those in the
head of the pancreas, with a limiting factor being the proximity of the tumour to the pan-
creatic duct. Alternatively, pancreatoduodenectomy with or without pylorus preservation
(Whipples vs. PPPD) and distal pancreatectomy are the standard surgical procedures for
P-NETs localized in the head and body /tail of the pancreas, respectively [64].

As an alternative, endoscopic ultrasound-guided radiofrequency ablation (EUS-RFA)
has recently been described for functional smaller P-NETs [68,69]. Radiofrequency ablation
(RFA) causes irreversible cellular damage, cellular apoptosis, and tissue coagulative necrosis
by conveying high temperatures within the tumour mass [70,71]. Compared with surgical
methods, the technical advantages of locoregional thermoablative techniques include the
preservation of healthy surrounding tissues, lower rates of morbidity, shorter hospital stays,
and reduced overall expenses. Furthermore, research suggests that immunomodulation
may have a secondary anticancer effect [72].

Two devices are available for performing pancreatic RFA: a cooled needle connected to
a dedicated energy source and a 1Fr probe that can be inserted into a 19G needle while being
attached to a conventional energy source. Utilizing a high-frequency alternating current
and EUS guidance, the needle is introduced into the designated lesion while maintaining
a minimum distance of 2 mm from the pancreatic and biliary ducts to prevent injury or
duct strictures. Doppler evaluation is employed to ensure that no harm is done to the
vasculature [73].

In their recent study, Imperatore et al. [68] undertook a comprehensive review of the
literature in order to determine whether EUS-guided RFA treatment is feasible, effective,
and safe, and to identify P-NET characteristics that could serve as predictors of response to
EUS-RFA. Sixty-nine patients were identified by the authors from twelve investigations.
Males comprised thirty (49.2%) of the sixty-one patients, who were aged 65.4 years on
average. The investigators identified 73 P-NETs, with a range of 4.5 to 40.0 mm in length,
with the following locations: head (35.3%), body (39.7%), uncinate (8.8%), and tail (16.2%).
The average measure of each was 16 mm. Out of the total, 30.1% (21 insulinomas and
1 VIPoma) were functional. P-NETs were administered an average of 1.3 RFA sessions over
a follow-up period of 11 months (range: 1-34 months), with an overall effectiveness of
96% (75-100%). The response rate was found to be influenced by the size of the tumour.
Specifically, larger tumours exhibited a higher frequency of failing to respond to treatment
(mean size of 21.8 mm =+ 4.71 in the non-response group vs. 15.07 mm =+ 7.34 in the response
group, p = 0.048). A P-NET size of less than 18 mm at EUS was associated with a positive
response to EUS-RFA, as determined by the ROC curve, which had the following values:
sensitivity (80%), specificity (78.6%), PPV (97.1%), and NPV (30.8%) [68].

A large series comparing EUS-RFA and surgery with propensity-score matching
(1:1) in 89 patients affected by insulinoma has been recently published. Notably, clinical
efficacy was comparable between RFA and surgery (95.5% vs. 100%, p = 0.16), but RFA
outperformed surgery in terms of adverse event rate (18.0% vs. 61.8%, p < 0.001), severe
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adverse event rate (0.0% vs. 15.7%) and hospital stay (3.0 £ 2.5 vs. 11.1 £ 9.7, p < 0.001).
However, recurrence was observed in EUS-RFA-treated patients [74].

A method based on EUS-guided ethanol injection has been described as an alternative
to RFA for p-NET under 20 mm and G1-G2 grade without metastasis. A recent pilot
study with five patients from Matsumoto et al. showed how a successful ablation could be
achieved in four cases, with no recurrence and no adverse events reported [75]. A previous
experience on 11 patients and 14 tumours by Park et al. reported a lower response rate
(61.5%) with 3 cases of mild pancreatitis (30%) [76] (Table 5).

Table 5. Endoscopic management of well-differentiated pancreatic neuroendocrine tumours.

Size Proposed Body of Evidence Pros and Cons
Treatments
Surveillance Surveillance can be proposed for patients not fit for
EUS-RFA Multicentre surgery with non-functioning small P-NETs (<10 mm)
EUS-alcohol retrospective study EUS-RFA can be considered for P-NETs < 20 mm
Pancreatic NET < 20 mm injection Systematic review Parenchyma-preserving surgery is considered the
Parenchyma- with meta-analysis standard of care for fit-for-surgery patients
preserving Case reports with P-NETs
surgery Paucity of data to support EUS-alcohol injection

EUS-guided P-NET localization is another task that could be accomplished by gas-
trointestinal endoscopy. The localization consists of focal needle tattooing (EUS-FNT) or
placing fiducial markers close to or inside lesions to make them easier to identify and resect
during surgery. EUS-FNT was performed on a case series of 13 patients, 6 of whom had
P-NETs, by labelling the pancreatic parenchyma within 3-5 mm of the lesion with sterile
carbon-based ink to permit laparoscopic distal pancreatectomy (LDP). The surgeon’s ability
to clearly view and palpate the lesion is restricted, if not non-existent, in LDP. Despite a
mean of 20.3 days (range, 3-69) between EUS-FNT and surgery, all tattooed tissues were
clearly visible at surgery [77].

Finally, when it comes to the diagnosis of P-NETs, fine-needle biopsy (FNB) is the tech-
nique recommended to obtain a specimen from pancreatic masses, although a meta-analysis
encompassing 11 RCT failed to prove the statistical superiority of FNB over FNA (fine-
needle aspiration) [78]. However, a recent network meta-analysis, including 16 studies for a
total of 1934 patients, demonstrated how Franseen and Fork-tip needles (FNB), specifically
those of the 22-gauge size, were the best performers in terms of obtaining tissue samples
from pancreatic masses. At the same time, the level of confidence in the estimates was poor
due to relatively few head-to-head trials supporting the comparisons and differences while
carrying out the procedure that may have changed the final results [79].

4. Conclusions

Gastrointestinal neuroendocrine tumours are clinically diverse and rare neoplasms that
can pose a treatment challenge for endoscopists. The most prevalent detection method for
luminal NETs is endoscopy, and histopathology is the gold standard in their diagnosis. EUS
has become an essential procedure for the staging and management of pancreatic NETs.

The best treatment depends on the location of the NETs, also requiring an accurate
assessment of their size, local lymphadenopathy, and depth of invasion. Endoscopic resec-
tion techniques are evolving, with endoscopic submucosal dissection appearing to be an
effective and safe method allowing for the en-bloc removal of lesions up to 2 cm in size,
possessing an acceptable complete resection and a recurrence rate similar to surgery. The
evaluation of the best technique to apply to an NET should be discussed in a multidisci-
plinary team meeting setting, and the discussion should consider tumour size and location
as well as the patient’s preferences and local expertise.

Future evidence from a prospective randomised controlled trial is needed to better
define the role of therapeutic endoscopy in the resection of luminal NETs measuring up to
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2 cm and to investigate whether this could eventually replace surgical intervention when
the risk of lymphovascular invasion is low.
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Simple Summary: Acute colonic obstruction is one of the most common manifestations of locally
advanced colorectal cancer. Endoscopic stenting has become by far the minimally invasive treatment
of choice for malignant colonic obstruction especially in the palliative setting. However, there
are still controversies in the literature about the usefulness and safety of endoscopic stenting as a
bridge-to-surgery approach or in patients on antiangiogenic therapy. Moreover, endoscopic colonic
stenting is an operative procedure that requires adequate pre-interventional management and specific
endoscopic knowledge. The present review aimed to summarize the optimization of endoscopic
management of patients with malignant acute colonic obstruction based on a multimodal connection
with the various medical specialties involved in managing this urgent clinical scenario.
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Colorectal cancer (CRC) is the third most frequently diagnosed malignancy in the
world and the second leading cause of cancer-related mortality [1]. About 10-40% of
colorectal cancer patients have bowel obstruction at the time of diagnosis, particularly on
the left side [2], and large bowel obstruction (LBO) is a common condition that accounts
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for about 24% of admissions for acute mechanical bowel obstruction [3]. Acute colonic
obstruction requires urgent management in order to avoid further complications such
as perforation or ischemia. In the past, urgent surgery with colonic resection and/or
stoma formation was the only available treatment. Endoscopic decompression with the
application of self-expandable metal stents (SEMS) within the stricture has been proposed
in the last decades as a less invasive option and has become the treatment of choice for
patients who need palliative treatment [4].

The surgeon is usually the first specialist to evaluate patients with acute colonic
obstruction in the emergency department; the consultation with the endoscopist aims to
share the indication of endoscopic stenting, especially for resectable patients for whom
there are still no clear indications for the bridge-to-surgery stenting [5]. When evaluating
the patient for colonic stenting, the on-call endoscopist usually performs a virtual urgent
multidisciplinary consultation with the main figures involved in the management of the
patient. Radiological consultation is then essential before endoscopic stenting in order
to confirm the malignant etiology of the acute obstruction, to better define the colonic
anatomy and to identify urgent criteria for the timing of endoscopic decompression. Lastly,
acute colonic obstruction may develop in patients with a known colon cancer under active
chemotherapy treatment. Antiangiogenic therapy (e.g., bevacizumab) has been associated
with an increased risk of perforation in patients treated with colonic stenting [6]. However,
evidence is lacking and based on retrospective studies. Thus, multidisciplinary evaluation
with an oncologist and surgeon is crucial in order to identify the correct management
strategy and to discuss the risks and benefits of the endoscopic procedure.

Endoscopic colonic stenting is an interventional procedure that requires specific endo-
scopic skills and experience in the interpretation of intraprocedural radiological frames [7].
The placement of a colonic stent is usually easy in the case of short and linear strictures,
whereas it could become particularly challenging in the case of difficult anatomic locations,
including lesions close to the anal verge, in the right colon or colonic flexures.

The present review intends to assess the appropriate clinical indications for colonic
stenting in a multidisciplinary context and to provide practical tips and tricks for the
endoscopic procedure.

2. Surgeon-Endoscopist Collaboration for Indication of Endoscopic Stenting

Acute LBO remains a surgical urgency and initial evaluation should be performed by
the general surgeon. Preliminary surgical evaluation is aimed at confirming the diagnosis
of malignant etiology, excluding other benign causes of LBO that usually do not require
endoscopic management except for specific cases (e.g., endoscopic decompression for
sigmoid volvulus). Surgical consultation is also essential for the interpretation of CT scan
images in order to exclude the presence of abdominal complications that require urgent
surgical therapy such as bowel perforation and/or ischemia.

Once a diagnosis of malignant LBO is confirmed, it is essential for the surgeon and
endoscopist to collaboratively determine the indication for endoscopic stenting. Endo-
scopic treatment is sometimes contraindicated when there are signs of colonic ischemia or
perforation and therefore emergency surgery (ES) is the only possible treatment [8]. ES
contemplates the emergency resection of the primary lesion with an immediate colorectal
anastomosis (possibly associated with a diverting loop ileostomy) or without a prompt
recanalization and the creation of a colostomy (“Hartmann’s procedure”). When contraindi-
cations to stenting are excluded, it is important to evaluate the clinical context of the patient.
Patients unsuitable for surgery due to advanced disease (e.g., metastatic CRC) or for the
presence of multiple comorbidities should be referred for endoscopic palliative stenting.
When the patient has a resectable CRC, it is possible to perform a two-step approach
consisting of the endoscopic placement of a SEMS to resolve the obstruction and in the
elective surgical resection a few weeks after (stent as a bridge to surgery).

Acute colonic obstruction may also be caused by a non-primary colonic tumor such as
pelvic tumors, advanced gastric or other metastatic cancers that cause extrinsic compression.
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Usually, patients with extrinsic obstruction have milder symptoms than patients with
strictures caused by primary colonic cancer [5]. In this subgroup of patients, the aim of the
treatment is usually palliative and endoscopic stenting, which demonstrates feasibility but
with lower rate of clinical success [9]. Surgical treatment should be evaluated according to
the performance status of the patients and to the resectability of the primary neoplasia.

2.1. Palliative Colonic Stenting

In patients with LBO due to colorectal cancer and advanced /metastatic disease that
are not eligible for curative treatment, surgical or non-surgical palliation should be consid-
ered. Resection, bypass, and colostomy are the available surgical options, but the European
Society of Gastrointestinal Endoscopy (ESGE) Guideline [10] strongly recommends colonic
stenting as the preferred treatment for the palliation of malignant colonic obstruction. Some
studies comparing colonic stenting and ES for palliation [11-18] showed a that technical suc-
cess of stent placement ranged from 88% to 100%, while the initial clinical relief of obstruction
was significantly higher after palliative surgery compared to colonic stenting [12]. Conflicting
results have been reported regarding short-term mortality and overall morbidity [11-15], but
colonic stenting was associated with a shorter length of stay, lower costs, a lower intensive
care unit admission rate and a shorter time to the initiation of chemotherapy [11-15,17,18].
Furthermore, patients treated with endoscopic stenting had better quality of life if compared
to patients treated with palliative surgery until 12 months after the procedure [18].

However, some observational studies [9,19,20] showed lower technical success and
an increased complication rate for colonic stenting in patients with peritoneal metastases,
because the main limitations to the success of bowel stenting are the presence of multiple
sites of obstruction. In this situation, a surgical approach could be considered.

2.2. SEMS Role as Bridge to Surgery

Placement of an SEMS before elective surgery has the rationale to allow resolution of
the obstruction and consequently to obtain patients’ stabilization, improvement of general
conditions and nutritional status, accurate staging and definition of a tailored treatment
for the patients [21]. As a result, higher quality oncologic resections could be performed
using minimally invasive approaches and without the need for permanent stoma [22].
However, some controversies have emerged regarding the oncological safety of SEMS.
It has been speculated that the increased interstitial pressure in the neoplastic mass can
cause cell dissemination, cell shedding and tumor embolization into lymphatic vessels, as
a consequence of a higher rate of recurrence observed in patients with SEMS [23,24]. For
these reasons, choosing the most appropriate decompression method can be challenging
given the need to balance short- and long-term outcomes. Moreover, guidelines on this
topic are inconsistent about the optimal treatment to choose [10,25,26].

Several randomized trials investigated this issue and were summarized in several meta-
analyses [21,27-35], which compared short- and long-term outcomes of ES and stenting as
a bridge to surgery in malignant LBO (Table 1). Considering short-term outcomes, multiple
studies demonstrated that post-operative morbidity, such as the rate of anastomotic leak
and wound infection, was significantly lower in patients who underwent stenting as a
bridge to surgery [27,29,31-33,35]; among these, only one study also showed a significantly
lower post-operative mortality [33] in this group of patients. Other short-term surgical
outcomes that have a significant impact on patients” quality of life, such as the rate of
temporary [27,29,32,33] or permanent [27,29,35] stoma, were significantly lower in the
group of stenting as a bridge to surgery with an odds ratio (OR) of 0.39 [33]. Finally,
two meta-analyses [32,33] compared the rate of laparoscopic versus open resection in the
two groups, finding a significantly higher rate of laparoscopic resection in the endoscopic
stenting group. On the other hand, the implantation of an endoscopic stent may increase
the length of stay in order to wait for the time for recanalization and optimal timing for
surgery [29,32]; however, this hospitalization time is usually exploited for the correct
clinical staging, for patients’ stabilization and restarting of enteral nutrition.
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While short-term outcomes are globally in favor of the bridge-to-surgery approach,
less evidence supports this kind of approach for long-term outcomes. Different meta-
analyses failed to find any differences between ES and stenting as a bridge to surgery
in terms of overall survival [21,28,30-32,34,35] or disease-free survival [21,28,30-32,34] at
three or five years. Moreover, the meta-analysis by Arezzo et al. found a higher local
recurrence rate in the stent as a bridge to surgery group that was not even statistically
significant (40.5% vs. 26.6%, p = 0.09) [29]. However, several other meta-analyses did not
confirm this finding [21,28,30-32].

In conclusion, the current available evidence on the role of endoscopic stenting as
a bridge to surgery are globally weak. However, short-term outcomes such as the rate
of permanent or temporary stoma, which significantly affect patients” quality of life, are
significantly improved with the endoscopic stenting. It is therefore recommended to
propose the endoscopic stenting as a first line of treatment in this situation only if the
global organization of the Institution (i.e., on-call endoscopist with expertise in radiological
procedure availability 24 h a day) and an agreed pathway with surgeons allow this kind
of approach. As an alternative, ES remains a valid option for the treatment of resectable
patients with acute malignant colonic obstruction.

3. Pre-Operative Evaluation: How the Radiologist Can Help the Endoscopist
3.1. Diagnosis of Large Bowel Obstruction

Clinical suspicion of bowel obstruction can be confirmed by various imaging methods
that assist radiologists in addressing critical issues, such as identifying the specific loca-
tion and underlying reason for the blockage, as well as determining the presence of any
associated complications.

Plain abdominal radiography is usually first prescribed in the emergency department
in patients with a suspicion of acute bowel obstruction because of its speed of acquisition,
low cost, wide availability and low radiation exposure. Plain abdominal radiography, in
the dependent and nondependent position, can provide diagnostic confirmation in approxi-
mately 50-70% of cases [36]. Typical radiographic indicators of LBO include enlargement of
the colon and cecum, with diameters greater than 6 cm and 9 cm, respectively. Significant
gas depletion in the rectum and accumulation of fecal material in the proximal colon is
often observed [37]. In cases of LBO, the dilation of the small intestine may be variable,
which depends on factors such as the duration of obstruction, the presence of a closed loop
or a functional ileocecal valve [38]. In particular, when the ileocecal valve is incompetent
in the context of a distal LBO, diffuse distention of the small and large intestines may
mimic the appearance of pseudo-obstruction upon radiography. In this situation, distention
of the large bowel is not marked and endoscopic stenting may not be organized as an
emergent procedure. Moreover, temporary placement of a nasogastric tube could reduce
bowel distension.

On the contrary, where a closed loop develops, the absence of proximal decompression
increases the risk of progressive and localized colonic dilatation, ischemia and perforation.
In this situation, the addition of computed tomography (CT) is necessary in order to
obtain further information on the possible development of complications. A meta-analysis
reported a CT sensitivity of 92% (range 81-100%) and specificity of 93% (range 68-100%) in
detecting complete obstruction [39]. An abdominal CT scan is also necessary in order to
investigate the etiology of acute obstruction.

3.2. Differential Diagnosis and Characteristics of Malignant Acute Colonic Obstruction from CT Scan

Multiplanar thin-layer acquisitions could delineate precisely the morphology of the
colon, allow for the diagnosis of intraluminal, mural, and extramural causes of LBO
and detect any potential complications. Performing a CT scan also in the urgent setting
of malignant acute colonic obstruction also offers the advantage of detecting local and
distant metastases. Intravenous contrast medium is recommended to help in identifying
the presence of a mass and signs of inflammation and/or ischemia of the bowel wall.
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Intravenous iodinated contrast agent is essential to evaluate the enhancement of the colonic
wall and can be administered with a weight-based protocol and a rate of 3 mL/s [40].
Indeed, an unenhanced CT scan for the evaluation of abdominal pain in the emergency
department has an accuracy 30% lower than an enhanced CT scan [41] (Figure 1).

Figure 1. Enhanced CT scan of acute colonic obstruction with presence of neoplastic stricture at the
level of the descending colon. In the coronal section: (A) stenosis of the descending with marked
thickening of its walls, non-homogeneous contrast enhancement, possible extra-visceral extension; in
the ax, (B) overdistention of large and small bowel with air fluids levels. Yellow stars at the level of
the neoplastic stricture.

Coronal and multiplanar reformulations allow for the identification of the course of
the distended bowel and the exact location of the obstruction, particularly in the case of
rectosigmoid carcinoma where the distance of the stricture from the anal sphincter can be
determined with good accuracy.

The diagnosis of LBO is primarily based on the presence of a dilated large bowel
proximal to the colonic wall thickening with luminal narrowing and decompressed bowel
distal to the stricture. The identification of a transition point is considered a clear sign for
the diagnosis of colonic obstruction. CT-scan signs of malignant colonic obstruction are a
localized thickening of the colonic wall with an uneven pattern, resembling an “applecore”,
or the presence of a contrast-enhanced soft tissue mass situated at the center of the colon,
causing a narrowing of the colonic passage [42]. In rare instances, a central necrosis or the
presence of air within the lesion resembling an abscess-like lesion may also be observed.

It is important to consider the possibility of diverticulitis as a differential diagnosis,
especially when there is evidence of colon cancer extending into the surrounding adipose
tissue. Diverticulitis is typically represented by segmental, symmetric bowel wall thick-
ening with hyperemia, the presence of fluid in the root of the mesentery and vascular
engorgement [43]. Additional indications of active disease include inflammation of the
mesenteric fat, the presence of abscesses and the formation of phlegmon. In a retrospective
study conducted by Chintapalli et al., they examined all potential CT signs that could aid in
distinguishing diverticulitis from CRC. They concluded that the most specific findings for
diverticulitis were pericolonic stranding and a length of the involved segment of more than
10 cm, whereas the presence of pericolic lymphadenopathies and presence of a luminal
mass were more commonly found in CRC [42].

To summarize, to enable endoscopists and surgeons to choose the best therapeutic
strategy, the radiologist should make a diagnosis of a likely malignant colonic lesion,
indicate the site and length of stenosis and its distance from the anal sphincter (in the case
of rectal stenosis), and identify the presence of any complications (especially perforation
and ischemia). Post-stent radiological control is not necessary except for cases where stent
migration is suspected and plain radiography is sufficient.
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4. Influence of Chemotherapy on Endoscopic Colonic Stenting: The Oncologist Point
of View

Patients treated with stenting, especially in the palliative setting, may also experience
adverse events related to chemotherapy or tumor progression. Delayed stent migration may
occur under chemotherapy due to tumor regression, whereas re-obstruction or perforation
could happen in relation to tumor growth [44]. However, the risk of long-term compli-
cations must be weighed against the lower mortality and earlier start of chemotherapy
compared to surgery. Several small retrospective studies have shown that colonic stenting,
compared to ES, reduces the duration of a hospital stay and allows the earlier initiation of
chemotherapy, thus showing an advantage in quality of life and overall survival [14,17,45].

4.1. Timing and Safety of Chemotherapy Initiation in Patients with Acute Colonic
Malignant Obstruction

Karoui et al. conducted a retrospective study with 58 stage IV obstructive CRCs
comparing stent insertion or surgery as a palliative treatment. They demonstrated that
the median time to chemotherapy beginning was shorter after stent insertion than after
ES (14 vs. 28.5 days) with a potential benefit in quality of life and survival [17]. Lee et
colleagues analyzed 88 patients with occlusive stage IV CRC who underwent surgery or
stent insertion. In this study also, the median chemotherapy initiation was shorter in the
stent group (8.1 days vs. 21.7 days) than in the surgery group [45]. In a meta-analysis, Zhao
et al. considered 837 patients, of which 404 were treated with colonic stent and 433 with
surgery. They concluded that the median time to start chemotherapy was significantly
lower in the stent group than in the surgery group (15.5 days vs. 33.4 days) [14].

When determining the appropriateness of stent placement, the clinician should con-
sider the risk of long-term stent-related complications in relation to the lower short-term
mortality and faster onset of systemic chemotherapy treatment, considering that survival
advantage with chemotherapy could expose patients with a colonic stent to an increased
risk of long-term complications [14]. However, a multicenter retrospective study evaluating
the outcomes of palliative chemotherapy without target therapy after colonic stent insertion
for an obstructive primary tumor demonstrated that this is feasible and safe. The response
rate (38%) and the disease control rate (62%) with Folfox or Folfiri were similar to other
previous clinical trials using similar regimes, and the perforation rate after 2-15 months of
placement was acceptable [46].

4.2. Effects of Antiangiogenic Agents following Colonic Stenting

Bevacizumab is a recombinant humanized monoclonal antibody that blocks the activity
of the vascular endothelial growth factor, which is well-known to be a risk factor of
intestinal perforation, which occurs in 1-2% of the patients [6]. Chemotherapy with anti-
angiogenic agents showed a higher response rate and extended overall survival, thereby it
is established as the first-line treatment in stage IV CRC. However, safety issues were raised
in patients undergoing colonic stent placement, especially due to the risk of perforation.
Several mechanisms have been proposed to explain the increased perforation rate in
patients that received bevacizumab, such as tumor regression, necrosis, and a weakened
serosa, combined with the pressure of the radial force of the stent on the colonic tumor [47].

Two retrospective analyses showed that bevacizumab increased the risk of perforation
in patients with previous placement of a colonic stent. Small et al. collected data of stage IV
CRC patients who had a stent placed for palliation or as a bridge to surgery. Eight patients
of twenty-six (34.8%) reported a stent-related complication and a median of 44 days after
bevacizumab started vs. a 22.8% complication rate in untreated patients. Four patients
treated with antiangiogenic agents developed colonic perforation after 21 days of beva-
cizumab starting (15.4%) compared to a lower incidence in untreated patients (6.8%) [48].
The same result was obtained by Imbulgoda et al. who found a 20% rate of perforations
in patients treated with chemotherapy and bevacizumab after stent placement [49]. A
meta-analysis of 86 studies including 4086 patients with colonic stenting in malignant LBO
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showed that bevacizumab-based therapy was associated with a perforation rate of 12.5%.
However, in this study only 2.1% of the included patients were treated with bevacizumab
and the timing between the placement of the colonic stent and the start of antiangiogenic
therapy was not specified [50].

Conversely, Lee and colleagues recently conducted a study of 104 patients who had
received a colonic stent and were subsequently treated with bevacizumab. In the group
treated with bevacizumab, only one patient had perforation as opposed to the three pa-
tients in the non-bevacizumab group [51]. Similarly, a relatively large retrospective study of
353 patients conducted by Park et al. demonstrated that the rate of perforation in patients
with bevacizumab and without bevacizumab were equivalent (7.5% and 7%, respectively).
Furthermore, the majority of the patients receiving bevacizumab who experienced perfo-
ration had started antiangiogenic treatment 1 month after stent insertion [19]. Fuccio et
colleagues reported a retrospective case series of 91 patients who underwent palliative stent
placement and they found that the complication rate was higher, though not statistically dif-
ferent, in the group treated with bevacizumab alone (29.4%) compared to those treated with
chemotherapy alone (19.6%) or chemotherapy plus antiangiogenic agents (18%). It is also
interesting to highlight that patients receiving chemotherapy and molecular-targeted drugs
had longer overall survival compared to those receiving only chemotherapy, without show-
ing an increased risk of stent-related complications [52]. Additionally, the study conducted
by Pacheco-Barcia et al. on 78 patients demonstrated that chemotherapy plus antiangio-
genetic agents improved overall survival compared to chemotherapy alone (43 months
vs. 20 months) without an increase in risk perforation. The authors concluded that the
increased risk of long-term stent complications in patients treated with chemotherapy and
bevacizumab should not preclude the administration of these therapies for patients with
metastatic colon cancer, considering the substantial response rate and its correlation with
OS [53].

Nonetheless, due to the limited incidence, the lack of evidence, the retrospective
nature of performed studies and their contradictory results, it is not possible to deter-
mine a definitive risk of stent-related perforation following bevacizumab treatment begin-
ning [19,48,50,51]. Consequently, the most recent European guidelines suggest considering
the use of bevacizumab following colonic stenting [10]. In clinical practice, colonic stenting
serves as a life-saving procedure in acute LBO situations and it should be considered as
a first option where local expertise is available, in elderly patients or in patients unfit for
surgery or emergency surgery, regardless of the risk occurring with a potential therapy
with bevacizumab [54]. Multidisciplinary discussion, weighing the potential benefits and
harm for each patient, is therefore the decision-making moment in this acute situation.

No data are available about the risk of perforation for the new antiangiogenics recently
prescribed in colorectal cancer (regorafenib, aflibercept). It could be speculated that consid-
ering the comparable mechanism of action with bevacizumab, the risk of gastrointestinal
perforation induced by these new drugs is similar to that reported for bevacizumab.

4.3. Colonic Stenting during or after Antiangiogenic Treatment

Approximately 20% of patients with previous systemic chemotherapy develop primary
tumor obstruction. In these patients, the benefits of minimally invasive SEMS over surgery
would be greater since a high mortality rate and major complications following ES have
been reported in this patient setting. Regarding the perforation risk of SEMS placement in
patients with previous bevacizumab use, there are very limited evidence and clinical data.

Imbulgoda et al. collected the data of 87 stage IV CRC patients treated with or without
chemotherapy and bevacizumab before or after stent placement. Perforation occurred
globally in four patients (13%). Two out of the ten patients (20%) that received chemother-
apy plus bevacizumab (3 before stenting, 6 after and 1 unknown) had a perforation. This
result was not statistically different than the rate of perforation that occurred in patients
treated with chemotherapy alone. However, the low number of events could have affected
the statistical result. Patients who received chemotherapy with or without bevacizumab
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before stenting were treated for at least 50 days before the procedure and in this category
of patients, the rate of perforation was the lowest reported (6%). It could be argued that
a major determinant for perforation is the interval between stenting and chemotherapy
infusion [49].

Bong et al. retrospectively collected the data of 1008 patients with metastatic colorectal
cancer treated with bevacizumab and the incidence rate of complications requiring surgery
was approximately 5.9% (60/1008). In this study, twenty-three patients during bevacizumab
exposure required SEMS insertion and seven of these patients (7/23, 30.4%) experienced
perforation requiring surgery. The authors concluded that SEMS was a significant risk
factor for complication requiring surgery in patients already receiving bevacizumab [55].
In addition, in Park’s previously mentioned study, bevacizumab was administered both
before and after colonic stenting. Only 2 out of 96 (2%) patients who developed perfora-
tion received stent implantation within 30 days before or after the start of bevacizumab
treatment [19].

Based on these very low-quality data, ESGE guidelines suggest against colonic stenting
while patients are receiving antiangiogenic therapy such as bevacizumab [10]. However,
in this situation is fundamental to discuss with the oncologist whether the patient could
benefit from a minimally invasive treatment (namely colonic stenting) and eventually try
to extend the time between the last infusion of bevacizumab and colonic stenting.

5. Endoscopic Stenting
5.1. Preparation to Endoscopy

Colonic stenting, similar to other interventional endoscopic procedures, necessitates an
adequate endoscopic setting in order to facilitate the procedure and minimize the adverse
events (Figure 2). A room equipped with fluoroscopy is mandatory, whereas a radiology
technician is not necessary if the endoscopic team is able to understand radiological images
and to maneuver the C-arm.

Figure 2. Example of an endoscopic setting for the placement of a colonic stent. (D) Endoscopist
position with radiological and endoscopic monitor placed frontally and the endoscopic processor in
the right position. 2) Nurse position at the end of the radiological bed with an instrument shelf on
his side. (3) Position of the assistant at the C-arm. (#) Anesthesiological position at the patient’s head
with vital monitoring on his side.
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A reasonable bowel preparation is suggested before the procedure in order to reach
the stenosis quicker, to identify the residual lumen and to expedite the entire procedure.
A standard bowel preparation is contraindicated in consideration of the occlusive status;
thus, cleansing enemas are suggested before the procedure [56].

Considering the type of sedation to perform and the anesthesiologic support, it is
important to evaluate patients” comorbidities and the degree of respiratory distress related
to the abdominal distension. In the case of compromised patients, especially those requiring
non-invasive ventilation support, it is suggested to perform the endoscopic procedure in
an equipped room with anesthesiologic support. If the patient is not in critical condition,
colonic stenting is not a painful procedure and can be performed under conscious sedation
with a combination of benzodiazepines and opioids.

Lastly, regarding which endoscopist could perform colonic stenting, it is necessary
to consider that there is a learning curve for the endoscopist performing the stenting
procedure. The level of expertise has a direct correlation to the rates of successful stenting
and complications [57]. To increase the chances for success, the endoscopist is expected to
have attempted more than 20 procedures and be familiar with other fluoroscopic endoscopic
procedures like the endoscopic retrograde cholangiopancreatography (ERCP) [58].

5.2. Technique

The procedure requires an endoscope with a large operative channel, with a diameter
of at least 3.7 mm, such as a standard colonoscope or an operative gastroscope. The presence
of the carbon dioxide pump is also suggested in order to minimize abdominal distension
and to prevent air dissemination in case of perforation [7]. Prophilactic antibiotics are not
routinely suggested because the risk of bacteremia after stent insertion is very low [10].

The patient can be indistinctly supine or on the left side: the former facilitates the
interpretation of radiological frames while the latter, which is the standard colonoscopy
position, allows for an easier passage through the sigmoid colon. We usually start the
procedure on the left side and once the stricture is reached, we evaluate radiologically the
extent and location of the stricture with the contrastography obtained with air insufflation
(Figure 3). If the radiological orientation of the stricture is not clear, we rotate the patient in
the supine position in order to obtain a clearer radiological view of the stricture.

Figure 3. Contrastography obtained with air insufflation showing colonic stricture (black arrow) at
the level of ascending colon.

A long 0.035 inch guidewire (450 cm) with a hydrophilic tip is inserted through
a cannula in order to pass the stricture. In case of angulated strictures, the use of a
sphincterotome or an angle tip guidewire could help the passage of the stricture. Changing
the patient’s position could sometimes help to better visualize the stricture. After the
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evaluation of the correct position and evaluation of the length of the stricture with the use
of a contrast agent, the guidewire is pulled over to create safe loops over the tumor and the
cannula is then retracted.

Histological confirmation of the malignant etiology of the stricture is mandatory [10];
however, the urgent setting and the location of the stricture could increase the difficulty
of obtaining biopsies. Moreover, the post-biopsy bleeding could obscure the stricture
visualization and consequently increases the difficulty of guidewire passage. What we
usually suggest is to first put the guidewire over the stricture and then take the biopsies
before stent placement in order to guarantee access at the stricture.

Colonic stent placement could be performed with the through-the-scope (TTS) tech-
nique or the over-the-wire (OTW) technique. Conflicting results have been produced
about technical and clinical benefits between the two procedures [59]. However, with the
widespread availability of TTS stents it has become a common practice to proceed with the
TTS technique, which allows an endoscopic control during stent release, and to reserve
the OTW technique when larger stents are needed or when an endoscope with a smaller
operative channel is used instead of standard scopes for anatomical reasons.

The SEMS is then advanced over the guidewire under radiologic and endoscopic
visualization. The cranial flange is the first opened and then retracted close to the cranial
extreme of the stricture when a little feeling of resistance at the catheter is appreciated. Then,
the entire stent is released. In the case of angulated strictures, it is suggested to maintain an
adequate distance with the endoscope from the stricture and to pay attention during the
release maneuver. In this situation, it is suggested to pull the SEMS catheter vigorously
when the stent is released in order to avoid misdeployment of the stent in the proximal
colon. Dilation of the stricture before or after the stent placement is contraindicated because
a retrospective analysis evidenced a higher rate of colonic perforation [60].

Different stents are available for colonic stenting and all of them are composed by nitinol,
a nonferromagnetic blend. Considering the type of the stent chosen, some meta-analyses
evidenced the superiority of uncovered stents compared to covered ones in terms of global
complications, tumor overgrowth and stent migration resulting in longer stent patency. Only
the risk of tumor ingrowth is reduced with covered SEMS. Partially covered stents potentially
could reduce the risk of migration; however, no studies found a superiority of this type of
stents compared to uncovered or fully covered stents [61]. The most recent guideline suggests
with a weak grade of recommendation to use an uncovered stent as a first line approach [62],
however the stent choice should also be made on a clinical basis.

The length of the stent should be tailored to the length of the stricture and its position.
It is generally suggested to extend the length of the stent at least 2 cm before and after the
stenosis, in particular for tumors at flexures, for which the risk of migration is higher [10].
No definitive conclusions have been reached about the ideal stent diameter, but few studies
reported a higher rate of stent migration with a diameter less than 24 mm [63,64].

Tumor localization requires careful consideration. Some authors have expressed reser-
vations about the use of colonic stents for proximal colonic obstruction or rectal malignant
stricture near to the anal verge. Studies comparing the clinical success rates between right-
sided and left-sided stenting showed conflicting results. However, several retrospective
studies evidenced the feasibility of the stenting of the proximal colon (Figure 4) [65-68].

In summary, in case of right-sided LBO it is important to evaluate the patency of
the ileocecal valve. In the case of involvement of the ileocecal valve by the tumor, it is
difficult to proceed with the stenting and have a clinical benefit. On the other hand, in
the case of a patency of the ileocecal valve and identification of the stricture distally to the
ileocecal valve, it is possible to attempt the placement of an SEMS after a multidisciplinary
consultation.

Tumor location in the distal rectum, defined as a mass within 8-10 cm of the anal verge,
raises concerns due to the potential post-procedural pain and increased risk of migration,
tenesmus and bleeding. Data on rectal stenting are scarce, with only one systematic review
and meta-analysis evaluating short-term outcomes. This study found that rectal and recto-
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sigmoid stenting had a high technical success rate, but this did not always translate into
clinical success (97% and 69%, respectively). Additionally, the overall complication rate was
32%, with stent re-obstruction and migration being the most common issues (10.5% and
9.3%, respectively) [69]. Consequently, no definitive conclusions can be drawn from these
data and in the case of acute colonic obstruction related to a tumor close to the anal verge,
it is fundamental to establish the clinical indication case by case.

Figure 4. Colonic stenting of a malignant stricture at the level of the ascending colon. (A): Contrast
injection at the level of the stricture with loop of the guidewire in the cecum; (B) radiological evidence
of the self-expandable metal stent (SEMS) within the malignant stricture; (C) endoscopic view of the
stricture with the metallic mesh of the distal part of the uncovered SEMS.

5.3. Procedural Adverse Events and Post Endoscopic Management

Complications arising from the insertion of SEMS can be divided into minor and
major complications according to the degree of severity [70]. Perforation is the most
common (4-7%) and most feared major complication that can occur during endoscopic stent
placement [71,72]. Immediate causes of perforation include wire or catheter misplacement
beyond the colonic wall. Delayed perforation usually occurs in the distended right colon
when there is a thin walled caecum; this type of perforation usually occurs concomitantly to
the placement of SEMS in a difficult endoscopic position that leads to an excessive amount
of air insufflation in a distended large bowel [73]. Conservative treatment of perforation is
possible when the SEMS is correctly placed and there is only a modest quantity of air in the
abdomen without the presence of fluid and without clinical worsening. Otherwise, surgical
treatment is the only therapeutic choice for colonic perforation. Lastly, late perforation can
be caused by concomitant therapy with antiangiogenic agents, as mentioned before.

Stent migration is the other major complication that may occur during endoscopic
positioning. In the case of distal migration, the stent could be retrieved endoscopically with
caution in order to avoid mucosal damage and a new stent could be repositioned. Stent
migration proximally to the stricture makes impossible the endoscopic retrieval of the stent.
In the case of palliative indications, the migrated stent could be left in the proximal colon
but clinical monitoring in search of signs of decubitus of the stent is needed [5]. Bleeding is
a minor complication that may occur after stent insertion but it is usually self-limiting.

The clinical success of endoscopic stenting is obtained when there is an adequate
passage of air and feces from the anus after the endoscopic procedure. Studies do not
specify which is the ideal timing to evaluate an effective colonic recanalization. Usually,
in the case of a correct stent deployment, the passage of air and of liquid feces is almost
immediate and patients’ relief is evident. In the case of angulated (>165°) and long strictures,
colonic canalization could require more hours. These types of strictures are also those that,
despite a complete technical success (usually obtained in 95% of patients), have a short
term clinical failure and therefore require surgery resolution of the obstruction [73].
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The optimal interval between SEMS placement and subsequent surgery in patients
with MBO is still unclear and few studies evaluated this question. The most recent guide-
lines, based on low-quality studies, and randomized trial suggest surgery after 5 to 14 days
to the colonic stenting. In our Institution, in cooperation with surgeons we usually candi-
date the patient to surgery after a bridge with endoscopic stenting when there are no more
signs of obstruction and it is possible to perform a complete bowel preparation [74,75].

Following colonic stenting for malignant LBO, it is necessary to perform a complete
colonoscopy to exclude the presence of a synchronous lesion, which occurs in 3-13% of
patients with CRC [76,77]. Through-the-stent colonoscopy is feasible after an adequate
PEG-based bowel preparation, with a success rate ranging from 63% to 100%; notably,
the lowest rate increased to 87.5% when a gastroscope was utilized instead of a colono-
scope [77,78]. It is important to state that through-the-stent colonoscopy is a safe procedure
with no instances of migration or bleeding related to this implementation [77,78]. There is
a complete lack of research concerning the optimal timing for proximal colonic evaluation
after the revealing of a CRC. For these reasons, the most recent ESGE guidelines suggest
conducting a complete colonoscopy no more than 6 months after colonic stenting and
surgery or even before the surgery in the curative setting [17].

6. Conclusions

Acute malignant colonic obstruction is an urgent clinical condition that still has some
grey areas regarding endoscopic management. Robust data support colonic stenting in
the palliative setting [11-18] and demonstrate improved quality of life and better clin-
ical outcomes compared to ES. However, such robust scientific support is lacking for
other more challenging situations such as resectable patients who may benefit from the
bridge-to-surgery approach and those experiencing acute obstruction under antiangiogenic
treatment. The available scientific data show that colonic stenting certainly improves the
short-term outcomes of patients who undergo the bridge-to-surgery approach and that
endoscopic stenting close to bevacizumab administration may increase the risk of perfo-
ration [19,27,29,31-33,35,49,55]. The location of malignant stricture in debated positions,
such as in the right colon or close to the anal verge, may limit the clinical success of colonic
stenting. The literature suggests that there are no absolute contraindications to colonic stent-
ing even in these technical and clinically challenging situations and a minimally invasive
treatment compared to ES could improve patients” quality of life.

Acute malignant colonic obstruction is therefore a critical situation with some challeng-
ing clinical and technical issues that frequently necessitates real-time consultation among
different specialists to establish the most suitable therapeutic strategy. In our opinion, we
suggest organizing a local pathway shared with the radiologist, surgeon, oncologist and
endoscopist to create a predefined algorithm based on the available local resources. For
instance, as highlighted in the present review, it is fundamental to perform an enhanced CT
scan in the diagnostic process of LBO to establish its etiology and to study the extension of
the stricture in preparation for endoscopic stenting. However, many non-tertiary centers
do not have the 24 h availability of enhanced radiology and this aspect could restrict the
endoscopic stenting. The absence of specialized figures that could approach patients with
acute colonic obstruction could limit endoscopic treatment in favor of surgery. Moreover,
the local diagnostic-treatment algorithm should consider the number of available on-call
endoscopists to perform colonic stenting. Lastly, it is reasonable that in more structured
institutions with a high availability of human resources and expertise, the clinical indi-
cations for endoscopic stenting may be expanded to include borderline situations (e.g.,
bridge-to-surgery indication, challenging endoscopic positions).
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Simple Summary: Recent technological advances, including capsule endoscopy (CE) and balloon-
assisted endoscopy (BAE), have revealed that small intestinal disease is more common than previously
thought. Early diagnosis of small intestinal tumors is essential for favorable outcomes. For early
diagnosis, after examination of the upper and lower gastrointestinal tract, the possibility of small
bowel lesions should be considered in patients with unexplained symptoms and signs, including
gastrointestinal bleeding, chronic anemia, abdominal pain, obstructive symptoms, body weight loss,
palpable abdominal mass, and fever of unknown origin.

Abstract: Recent technological advances, including capsule endoscopy (CE) and balloon-assisted
endoscopy (BAE), have revealed that small intestinal disease is more common than previously
thought. CE has advantages, including a high diagnostic yield, discomfort-free, outpatient basis, and
physiological images. BAE enabled endoscopic diagnosis and treatment in the deep small bowel.
Computed tomography (CT) enterography with negative oral contrast can evaluate masses, wall
thickening, and narrowing of the small intestine. In addition, enhanced CT can detect abnormalities
outside the gastrointestinal tract that endoscopy cannot evaluate. Each modality has its advantages
and disadvantages, and a good combination of multiple modalities leads to an accurate diagnosis.
As a first-line modality, three-phase enhanced CT is preferred. If CT shows a mass, stenosis, or wall
thickening, a BAE should be selected. If there are no abnormal findings on CT and no obstructive
symptoms, CE should be selected. If there are significant findings in the CE, determine the indication
for BAE and its insertion route based on these findings. Early diagnosis of small intestinal tumors is
essential for favorable outcomes. For early diagnosis, the possibility of small bowel lesions should be
considered in patients with unexplained symptoms and signs after examination of the upper and
lower gastrointestinal tract.

Keywords: balloon-assisted enteroscopy; capsule endoscopy; CT enterography

1. Introduction

Small bowel tumors (SBTs) are relatively rare in incidence. They account for only
approximately 3-6% of all gastrointestinal neoplasms. According to population-based
cancer incidence data in the United States, the incidence of SBTs has increased over the past
20 years, from 5260 per year in 2004 to 12,440 in 2024 in the USA, and deaths due to SBTs
have increased from 1130 in 2004 to 2090 in 2024 [1,2].

SBTs comprise different histological subtypes, including adenocarcinoma (30-45%),
neuroendocrine tumors (20-40%), lymphomas (10-20%), and sarcomas (10-15%) [3]. Dis-
tribution varies geographically; in the United States, neuroendocrine tumors are most
common (35-42%), followed by adenocarcinoma (30-40%) [4]. In Japan, lymphomas (47%)
are the most common, followed by gastrointestinal stromal tumors (25%), and adenocarci-
noma (24%) [5].

The term SBT often includes not only malignant neoplasms but also benign neoplasms
and non-neoplastic lesions in the small bowel. In this review, the term SBT includes them.
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2. Symptoms and Signs of Small Bowel Tumors

Recent technological advances, including capsule endoscopy (CE) and balloon-assisted
endoscopy (BAE), have revealed that small intestinal disease is more common than previ-
ously thought. Although small bowel tumors are less common than in other gastrointestinal
tracts, any disease is difficult to diagnose without “suspecting” it. When the following
symptoms and signs are unexplained after examination of the upper and lower gastroin-
testinal tracts, small bowel disease may be the cause.

Gastrointestinal bleeding
Anemia

Abdominal pain
Obstructive symptom
Body weight loss
Palpable abdominal mass
Fever of unknown origin

3. Family History

Family history is another important clue to the diagnosis of small bowel tumors
because the following hereditary diseases have an increasing risk of small bowel tumors.

Lynch syndrome (HNPCC; hereditary non-polyposis colorectal cancer) is defined by
germline mutations in one of the mismatch repair (MMR) genes, mostly MLH1, MSH2, and
MSHb6. Patients with Lynch syndrome have a 100-fold increased risk of small bowel cancer
compared to the general population [6].

Patients affected by neurofibromatosis type 1 (NF-1), also known as von Reckling-
hausen disease, have an increased risk of developing gastrointestinal stromal tumors
(GIST) [7].

Familial adenomatous polyposis of the colon (FAP) is a disease of autosomal dominant
inheritance and is caused by a pathogenic germline variant in the adenomatous polyposis
coli (APC) gene. In patients with FAP, the cumulative risk of duodenal cancer is estimated
at 4% at 70 years of age [8].

Peutz-Jeghers syndrome (PJS) is caused by germline mutations in the serine-threonine
kinase 11 (STK11) gene (formerly known as LKBI) located on chromosome 19p13.3 [9].
The lifetime risk of developing cancers in a PJS patient ranges from 55% to 83% by age
60-70, including colon cancer (39%), pancreatic cancer (11-36%), and small bowel cancer
(29%) [10].

4. Characteristics of Each Modality for Small Intestinal Tumors
4.1. Capsule Endoscopy (CE)

CE has advantages, including a high diagnostic yield, being discomfort-free, its outpa-
tient basis, and physiological images.

However, CE has several disadvantages. Because the lumen is not inflated by gas
insufflation, diverticula and submucosal tumors (SMT) are often missed. Lack of irrigation
and aspiration capabilities makes it difficult to detect lesions if there are a lot of residues.
In patients with intestinal stenosis, there is a risk of retention. When the patency of
the gastrointestinal tract cannot be confirmed, CE should not be used for patients with
definitive obstructive symptoms.

CE depends on peristalsis to move, so it takes at least several hours to complete the
test. CE cannot evaluate the bypassed intestinal tracts or the afferent limb after Roux-en-Y
reconstruction in patients with surgically altered anatomy.

Because CE passage is too rapid in the duodenum and the proximal jejunum, CE
can recognize only 42.7% to 43.6% of the duodenal papillae [11,12]. The lesions in the
duodenum and the proximal jejunum can be missed by CE. Han et al. reported that small
bowel tumors were not detected by CE but were eventually diagnosed by DBE in nine
(16.7%) of 54 patients. Five lesions (55.6%) of the nine missed lesions were located in the
proximal jejunum [13].
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When there are multiple similar lesions, it is difficult to distinguish each and count the
lesions. CE is not suitable for counting lesions in polyposis syndromes.

Even large tumors can be missed by CE. If the CE is caught on the proximal side of a
large tumor, the tumor may not be detected, depending on the direction of the CE’s camera.
After staying for a while, the CE quickly slips through the large tumor area, and the large
tumor is not captured by the CE. If the CE remains in the same location for more than
15 min, this is an abnormal finding known as a regional transit abnormality (RTA) [14].

CE can be very useful if it is used with an understanding of the above characteristics.

4.2. Balloon-Assisted Endoscopy (BAE)

The double-balloon endoscopy (DBE) is equipped with two balloons attached at the
endoscope’s tip and the overtube’s tip. It enabled endoscopic diagnosis (Figure 1) and
treatment in the deep small bowel. The single-balloon endoscopy (SBE), developed after
DBE’s launch, omits the balloon at the tip of the endoscope to simplify the preparation.
Both are collectively referred to as balloon-assisted endoscopies (BAE). The BAE can be
inserted with the aid of a ballooned overtube to suppress unnecessary deflection of the
intestine. In addition, because the bowel is folded over the overtube, the BAE can be
inserted into intestinal tracts longer than the working length of the scope. BAE can be
inserted without relying on intestinal peristalsis, allowing evaluation of the afferent limb
and bypassed intestinal tracts.

PTOSITRVI RS
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Figure 1. Small bowel adenocarcinomas, which are often advanced at the time of diagnosis, and
endoscopic findings often include ulceration and stenosis. (al,a2) DBE revealed adenocarcinoma in
the proximal jejunum. Endoscopic enteroclysis showed the stenosis as an apple core sign. (b1,b2) DBE
revealed adenocarcinoma with ulceration. CT showed mild stenosis.
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The BAE is equipped with a working channel that allows for procedures such as tissue
biopsy, marking, and treatment. Some kinds of small bower tumors can be treated by
endoscopic treatment or chemotherapy. Before starting the chemotherapy;, its histological
diagnosis should be confirmed. When a small bowel tumor requires surgical treatment,
endoscopic tattooing facilitates laparoscopic surgery. Chromoendoscopy with indigo-
carmine makes it easy to detect small lesions in patients with FAP [15]. The miniature probe
can be inserted into the working channel and enables endoscopic ultrasound evaluation for
submucosal tumors [16].

In the setting of X-ray fluoroscopy, endoscopic enteroclysis can be performed by
injecting contrast through the working channel. The size and shape of the lesion can be
evaluated by fluoroscopy. During endoscopic enteroclysis, the scope balloon of DBE can
inflate to reduce the backflow of contrast and evaluate the wide range of the small bowel
by fluoroscopy.

BAE has several disadvantages. BAE requires endoscopic skills. Severe adhesions
or stenosis make it difficult to achieve total enteroscopy with BAE. Especially near large
tumors, maneuverability may be poor due to compression and adhesions caused by the
tumor, and it may not be possible to reach the lesion.

4.3. Computed Tomography (CT)

Recent technological advances have increased the usefulness of computed tomography
(CT) in the diagnosis of small bowel lesions. Since the introduction of MDCT (Multi-
Detector-Row CT) with 4-row detectors in 1998, the number of detectors has increased and
evolved to 16-row, 64-row, and 320-row. As a result, images with high spatial resolution
can be obtained in a short time over the entire abdomen. In addition to axial section,
coronal and sagittal section images can be reconstructed, and multiplanar reformation
(MPR) images, virtual enteroscopy, and virtual enteroclysis are also available.

CT can evaluate ascites, misty mesentery, and abnormal blood vessels. In diagnosing
small bowel tumors, CT is very useful in evaluating lymphadenopathy associated with
malignant lymphoma and small intestinal cancer, as well as extra-luminal GIST, which is
difficult to evaluate by endoscopy. However, plain CT provides a very limited amount
of information and makes it difficult to detect lesions, so it is preferable to use at least
contrast-enhanced CT and, if possible, dynamic CT. Some kinds of small bowel tumors are
difficult to detect with conventional contrast-enhanced CT and are easily detected with
dynamic CT. Shinya et al. reported that gastrointestinal tumors and neuroendocrine tumors
demonstrated a hyper-vascular pattern in the multiphasic dynamic CT. Adenocarcinomas
and lymphomas showed a delayed enhancement pattern [17].

One problem with CT is that CT images are momentary images, and depending on the
timing of imaging, the shape of the intestinal tract due to peristalsis or spasm may appear
as a stenosis or mass. Dynamic CT can solve this problem by comparing the intestinal
geometry between images taken at different times (plain, early contrast, and late contrast).
Dynamic CT makes it easier to distinguish intestinal stricture from peristalsis and spasms
of the intestinal tract.

CT enterography, in which a bowel cleansing medium such as polyethylene glycol is
taken as a negative contrast agent before the CT scan, provides detailed imaging of the small
bowel by adequate lumen distention and provides information on masses, wall thickening,
and narrowing of the small bowel. According to a meta-analysis, the sensitivity and
specificity of CT enterography for small bowel tumors were 0.93 and 0.83, respectively [18].
Although there are problems with radiation exposure and side effects from contrast media,
itis a minimally invasive test that provides a large amount of information quickly. Magnetic
resonance enterography has similar sensitivity and specificity [18] and can be an alternative
with no radiation exposure when it is available.
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5. Diagnostic Strategy for Small Bowel Tumors

Each modality has its advantages and disadvantages, and a good combination of
multiple modalities leads to an accurate diagnosis since a false negative or false positive
result is possible with a single modality alone.

Honda et al. reported a comparative study of the diagnostic yields of contrast-
enhanced CT, fluoroscopic enteroclysis, CE, and DBE for small bowel tumors [19]. In
their comparing study, diagnostic yields for small bowel tumors </=10 mm were signifi-
cantly low in contrast-enhanced CT and fluoroscopic enteroclysis. However, the diagnostic
yields of CE and DBE were high for small bowel tumors, regardless of size. In contrast-
enhanced CT, the diagnostic yield of epithelial tumors was significantly lower compared
with subepithelial tumors. The diagnostic yields of CE and DBE were significantly higher
than those of contrast-enhanced CT, and the diagnostic yield of DBE was significantly
higher than that of CE. However, a combination of contrast-enhanced CT and CE had a
diagnostic yield similar to that of DBE. Because CE and CT can cover each other’s shortcom-
ings in detecting small bowel tumors, the combination use of CE and contrast-enhanced
CT is recommended for detecting small bowel tumors. After the screening, DBE is useful
for histologic diagnosis and endoscopic treatment.

Based on the results of the above study, we recommend the following strategies
(graphic abstract).

As a first-line modality, dynamic CT is preferred because CT findings are informative
to select the next test, CE or BAE. In addition to axial images, coronal images should be
produced for precise reading. CT enterography makes it easier to detect masses in the small
intestine. In clinical practice, CT and colonoscopy can be scheduled on the same day, and
CT can be taken before the colonoscopy to obtain CT enterography images.

If CT shows a mass, stenosis, or wall thickening, a BAE should be selected because of
its capability for biopsy and marking. The route of insertion of the BAE should be selected
based on the information obtained from the CT.

If there are no abnormal findings on CT and no obstructive symptoms, CE should
be selected. If there are significant findings in the CE, determine the indication for BAE
and its insertion route based on these findings. However, CE often misses diverticula and
submucosal tumors due to its inability to insufflate gas. It can also miss lesions in the
duodenum and the proximal jejunum due to its rapid movement. CE cannot evaluate the
bypassed intestinal tracts or the afferent limb in patients with surgically altered anatomy:.
After negative CE, the indication of further examinations should be decided with an
understanding of the above characteristics of CE.

6. The Role of Enteroscopy in Each Disease
6.1. Small Bowel Adenocarcinoma

The rate of primary small bowel adenocarcinoma is less than 3% of all gastrointestinal
cancers. Risk factors for small bowel adenocarcinoma include FAP, HNPCC, PJS, Crohn’s
disease, and celiac disease.

Most primary small bowel adenocarcinomas arise in the duodenum, the proximal
jejunum, or the distal ileum. They are often found with obstructive symptoms or chronic
iron deficiency anemia.

Although they can sometimes be reached with a conventional endoscope, the range
of routine upper gastrointestinal endoscopy and colonoscopy does not include the deep
duodenum, the proximal jejunum, or the distal ileum. To endoscopically diagnose small
bowel adenocarcinoma, intentional deep insertion is necessary. As a result, at the time
of diagnosis, most of the patients were in an advanced stage with metastasis to other
organs or peritoneal dissemination. The multi-center retrospective study, which included
354 patients with primary small bowel adenocarcinoma, reported that the rates for clinical
stages 0, I, II, ITI, and IV at the time of diagnosis were 5.4%, 2.5%, 27.1%, 26.0%, and 35.6%,
respectively [5]. The tumor stage is the most important prognostic factor for small bowel
adenocarcinoma. Therefore, for early diagnosis, the possibility of small bowel lesions
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should be considered in patients with unexplained symptoms and signs after routine upper
gastrointestinal endoscopy and colonoscopy.

BAE, or push enteroscopy, can reach the lesion (Figure 1), take a biopsy for histopatho-
logic diagnosis, and mark it by tattooing for surgical treatment. Endoscopic findings of
small bowel adenocarcinoma often include ulceration and stenosis. Type 2 (54.2%) was the
most common among the macroscopic types, followed by Type 3 (18.2%) [5].

6.2. Gastrointestinal Stromal Tumor

Gastrointestinal stromal tumors (GIST) are often caused by gastrointestinal bleeding
but can also be found incidentally on contrast-enhanced CT for the evaluation of other
diseases. GIST is a mesenchymal malignancy derived from the interstitial cells of Cajal
that control intestinal peristalsis. Patients with NF-1 are often associated with GISTs.
NF1-associated GISTs occur in younger patients compared with sporadic GISTs and often
multiple tumors, mainly incidental, localized at the small bowel and in the absence of
KIT/PDGRFa mutations [20,21].

GIST growth patterns include extraluminal, intraluminal, or mixed (dumbbell-shaped)
patterns. GIST is a submucosal tumor covered by normal mucosa. Because it is difficult to
distinguish from extraluminal compression, GISTs are often missed by CE. Ulcers/erosions
or dilated abnormal vessels are important findings for detecting GIST using CE.

Although GIST with intraluminal and mixed patterns can be detected by BAE (Figure 2),
GIST with extraluminal patterns is hardly detected by endoscopy, except for abnormal vessels
and unnatural traction findings due to lesions.

(a3) (b)

Figure 2. Gastrointestinal stromal tumor (GIST): (al-a3) Contrast-enhanced CT revealed a well-
enhanced lesion. DBE showed a submucosal tumor covered by normal mucosa. (b) In patients with
bleeding symptoms, erosions, ulcers, or dilated blood vessels are seen on the surface.
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Tattooing by BAE is helpful for identifying the lesion during laparoscopic-assisted
partial resection of the small intestine.

Endoscopic ultrasound fine needle aspiration (EUS-FNA) became a routine examina-
tion for evaluating gastric GIST. However, EUS-FNA is not available for small-bowel GIST
due to a lack of dedicated equipment. Endoscopic biopsy for GIST has a low diagnostic
rate and cannot determine malignancy accurately due to its subepithelial nature [22,23].
Endoscopic biopsy also carries the risk of post-biopsy bleeding. Biopsy is indicated only
when contrast-enhanced CT or endoscopic findings are atypical or when histopathology is
necessary prior to chemotherapy for unresectable lesions.

Symptomatic GISTs, regardless of size, are indicated for surgical resection if they are
resectable. The indication for surgical treatment for asymptomatic GISTs is determined by
their size and rate of growth. Small-bowel GISTs have a significantly higher metastatic risk
than gastric GISTs [20]. However, for multiple GISTs in NF-1 patients, small lesions may
be followed up without surgical resection since they have favorable histologic parameters
(relatively low mitotic rates) [24], and it is difficult to resect all multiple lesions.

6.3. Malignant Lymphoma

Malignant lymphomas in the small intestine have been conventionally diagnosed by
radiographic examinations, and surgical resections were required for histological diagnosis.
BAE enables tissue biopsy and histopathological diagnosis of primary small intestinal
lymphoma without surgical resection.

The macroscopic findings of small bowel lymphoma are classified as polypoid, ulcera-
tive (including stricturing, non-stricturing, and aneurysmal forms), polyposis (multiple
lymphomatous polyposis), diffusely infiltrating, or mixed type. There is some correlation
between the macroscopic and histological types. Many cases of ulcerative type are histo-
logically diffuse large B-cell lymphoma (DLBCL). Most cases of polyposis type (multiple
lymphomatous polyposis) are follicular lymphoma or mantle cell lymphoma, while dif-
fusely infiltrating type tends to comprise either T-cell lymphomas or immunoproliferative
small intestinal disease [25].

Although endoscopic findings of malignant lymphomas vary by histologic type (Figure 3),
a definitive histopathologic diagnosis can be made by biopsy in most cases. Based on the
histopathologic diagnosis, lymphomas can be treated with chemotherapy [26,27]. However,
in cases of bleeding or obstructive symptoms, chemotherapy is given after surgical treatment.

Endoscopic tattooing is useful for recognizing lesions during surgical treatment and
for identifying lesion sites for follow-up BAE after chemotherapy when complete remission
is achieved.

Endoscopic balloon dilation for post-chemotherapy stenosis is an alternative option
that avoids surgical treatment [28].

6.4. Neuroendocrine Tumor

Gastrointestinal neuroendocrine tumors (GI NET), formerly known as carcinoids.
According to the WHO classification, NETs are classified into low-grade neuroendocrine
tumors (NETs) and high-grade neuroendocrine carcinomas (NECs). NETs are also classified
into G1, less malignant, and G2, more malignant than G1.

The secretion of serotonin and other hormones from NET can cause facial flushing,
diarrhea, bronchospasm, and other symptoms known as carcinoid syndrome. The carcinoid
syndrome is more frequent in NET, especially those occurring in the jejunum, ileum, and
appendix, than in other gastrointestinal sites.

Multifocal NET may occur in 30-50% of patients. Patients with multiple lesions are
younger than those with solitary tumors, have a significantly higher risk of developing
carcinoid syndrome, and have a poorer prognosis [29].

The endoscopic image of NET is yellowish SMT-like, but it is precisely a tumor of
epithelial origin. It is often seen as an elastic, hard, mobile tumor with atrophied surface
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villi and dilated capillaries (Figure 4a). Depressions, ulcers, or erosions on the surface may
indicate a high-grade lesion (Figure 4b).

(c1) (c2)

Figure 3. Malignant lymphoma: (a) Follicular lymphoma is characterized by aggregations of large
and small white granules. The lesions are distributed focally from the duodenum to the jejunum.
(b) Rarely, it may be a form of concentric stenosis with ulceration. (c1,c2) Diffuse large B-cell
lymphoma (DLBCL) often shows an ulcerated or polypoid morphology, and the biopsy should be
taken from the ulcer bed rather than from the edges. CT revealed a wall-thickened intestine with a
dilated lumen. DBE showed an ulcerated lesion.

Although CE may be useful in identifying NETs, it cannot confirm the correct number
of multiple lesions or perform marking at the lesions.

The sensitivity of BAE for the primary SB-NET was 88%, compared to 60% for CT,
54% for MRI, and 56% for somatostatin receptor imaging. BAE could also be considered
for detecting multifocal NETs before surgery. In patients who underwent small bowel
resection, additional lesions were found in 54% of patients at preoperative BAE, but only
18% of patients at preoperative CE [30].

Endoscopic resection is not recommended for jejunal and ileal NETs due to the risk
of invasion and lymphatic spread, even with diminutive lesions, which may necessitate a
more extensive surgical resection.
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(b)

Figure 4. Neuroendocrine tumor: (a) SMT-like lesion with atrophied surface villi and dilated capillar-
ies (b) A high-grade lesion with ulcers on the surface.

6.5. Metastatic Tumors

Metastatic tumors of the small bowel include direct invasion from other organs, in-
traperitoneal disseminated tumors, and metastatic tumors due to hematogenous metastasis.
Pancreatic cancer frequently directly invades the duodenum. Colon, ovary, uterus, and
stomach cancers metastasize to the small intestine through direct invasion or intraperi-
toneal dissemination. Lung cancer, breast cancer, and malignant melanoma metastasize
hematogenously to the small intestine. The most common primary tumor for metastatic
tumors in the small intestine is lung cancer.

The endoscopic image of the metastatic lesion is variable (Figure 5). Metastatic lesions
can present as single or multiple polypoid lesions, with or without ulcers. Metastatic
tumors arise from the submucosa and are sometimes difficult to distinguish from malignant
lymphomas on endoscopic images. They may be seen as focal bowel wall thickening and
cause luminal narrowing.

(b)

Figure 5. Metastatic tumors: (a) metastatic jejunal tumor from angiosarcoma of the breast.

(b) Metastatic jejunal tumor from lung cancer.
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The management of the metastatic lesion depends on the symptoms and stage of the
primary tumor. Surgical resection of the affected intestine can be useful to relieve symptoms
such as obstruction and bleeding.

6.6. Benign Tumors

Many benign tumors of the small intestine are asymptomatic, making it difficult to
calculate their exact prevalence. Benign tumors can cause overt or obscure bleeding with
chronic anemia. Larger tumors can cause obstructive symptoms due to a narrowing of the
lumen or intussusception. In the past, they were often found by chance during surgery or
autopsy of other diseases, but with the widespread use of CE and BAE, there are more and
more opportunities for diagnosis by endoscopy.

Benign small bowel tumors include adenomas, hamartomas, lipomas (Figure 6a),
hemangiomas (Figure 6b), lymphangiomas (Figure 7a,b), and inflammatory fibroid polyps
(Figure 8a). The ectopic pancreas can be found as a submucosal tumor-like lesion (Figure 8b).

@ ' (b)

Figure 6. (a) Lipoma: Lipomas are yellowish-white submucosal tumors that are soft and deform
when pressed with forceps. It is characterized by low density on CT as well as fatty tissue and high
echoic lesions on ultrasound. (b) Cavernous hemangioma: Localized cavernous hemangiomas are
soft, pale to dark red submucosal tumors with a smooth surface.

(b)

Figure 7. Lymphangioma: Lymphangiomas have different endoscopic appearances depending on
the depth of the dilated lymphatic channels. (a) If the lesion has dilated lymphatic channels in the
mucosa, it will be an elevation with white dots on the surface. (b) If the lesion is primarily in the
submucosa, it will have a smooth surface and a yellowish-white to pale blue submucosal tumor
without white dots.
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(a3) (b)

Figure 8. (al-a3) Inflammatory fibroid polyp (IFP): IFP is a pedunculated or sub-pedunculated
lesion that may be found as a submucosal tumor, but as it grows, the mucosa is shed by mechanical
stimulation and is found as a smooth, protruding lesion. A large IFP can cause intussusception. This
lesion was treated by a laparoscopy-assisted partial small bowel resection. (b) Ectopic pancreas:
Ectopic pancreas presents as a 10~20 mm-sized, hemispherical, or sub-pedunculated SMT-like
appearance with multiple nodules covered by thin, normal mucosa reflecting the internal multifocal
structure, with a slight depression on the surface.

Adenoma can be treated by various techniques, such as cold snare polypectomy (CSP), en-
doscopic mucosal resection (EMR), underwater endoscopic mucosal resection (UEMR) [31,32],
gel immersion endoscopic mucosal resection (GIEMR) [33-38], and endoscopic submucosal
dissection (ESD). Hamartomas [39], lipomas [40,41], lymphangiomas [42], and inflammatory
fibroid polyps [38] can also be resected endoscopically. Hemangioma, especially in patients
with blue rubber bleb nevus syndrome [43], can be treated by various techniques, such as poli-
docanol injection therapy [44], electro-coagulation [45], polypectomy [46], band-ligation [47],
and loop-ligation [48]. Of course, surgical treatment should be considered for massive lesions,
even benign tumors.

6.7. Peutz—Jeghers Syndrome

Peutz-Jeghers syndrome (PJS) is an inherited polyposis syndrome characterized by
the presence of multiple hamartomatous polyps (Figure 9) throughout the gastrointestinal
tract, excluding the esophagus. It is accompanied by mucocutaneous melanin pigmen-
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tation and an elevated lifetime risk of both gastrointestinal and extra-gastrointestinal
malignancies [10,49]. PJS is inherited in an autosomal dominant manner, yet around 45% of
PJS patients are de novo cases. The estimated incidence has been reported at 1/200,000 [50].

(a) (b)

Figure 9. Polyps in patients with Peutz—Jeghers syndrome: (a) Most polyps in patients with Peutz—

Jeghers syndrome are pedunculated or sub-pedunculated polyps. (b) Some of the growing lesions
are branched, bifid, or multinodular, reflecting dendritic growth of the muscularis mucosa.

The malignant potential of polyps is low, but the polyps can enlarge, resulting in
intussusception and emergency laparotomy. Polyps can develop and grow throughout
life, and repeated surgical treatment can lead to short bowel syndrome. Because intra-
abdominal adhesions due to surgery can cause difficulty in total enteroscopy with BAE, the
digestive tract should be examined, and endoscopic treatment with BAE should be initiated
before emergency laparotomy for intussusception. In patients with PJS, gastrointestinal
surveillance through upper gastrointestinal endoscopy, colonoscopy, and CE should begin
by the age of 8 years old at the latest. European and Japanese guidelines recommend that
SB polyps > 15 mm be treated to prevent intussusception [51].

The conventional techniques for polyp removal in PJS are snare polypectomy and
endoscopic mucosal resection [52,53]. However, these conventional techniques have a
risk of complications such as perforation and bleeding. Recently, endoscopic ischemic
polypectomy (EIP) has been described, which involves strangulating the stalk of a polyp
using a detachable snare [54] or clips [55] to induce polyp destruction. Performing EIP
with clips is technically easier compared to conventional techniques because EIP requires
visualization of only the stalk of the polyp, even within a limited working space. The
advantages of EIP include the removal of a larger number of polyps and the prevention
of complications after polypectomy, such as bleeding, perforation, or post-polypectomy
syndrome [56,57]. Considering the low risk of adverse events in EIP, EIP has the potential
to change the size threshold for endoscopic treatment. The disadvantage of EIP is a lack of
histopathological evaluation for treated polyps.

Endoscopic reduction of intussusception in patients with PJS is a viable alternative
to surgery, except for patients with necrosis or perforation. The reported success rate of
endoscopic reduction of 22 sites in 19 patients was 95%, with only two mild pancreatitis
adverse events [58].

6.8. Familial Adenomatous Polyposis

Familial adenomatous polyposis (FAP) is a rare genetic predisposition primarily
to digestive cancers, inherited in a dominant manner (APC gene) or recessive manner
(MUTYH gene) for the main types of FAP. The definition of classical FAP is based on the
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presence of at least 100 colorectal adenomas [59]. Adenomatous polyps in the duodenum are
found in nearly 100% of individuals with classical APC-related FAP and in approximately
30% of patients with biallelic MUTYH mutations, and less frequently in the distal small
intestine [60]. In patients with FAP, other than colorectal cancer, duodenal cancer and
desmoid tumors are significant contributors to mortality [61].

A systematic gradient from the duodenum to the jejunum is observed, as indicated
by the low risk of small bowel cancer as far as the distal small bowel is considered [62].
Endoscopic surveillance for duodenal adenomas is recommended to start around 25 years
old [6,63]. Chromoendoscopy with indigo carmine is useful in detecting small lesions
(Figure 10a). A large adenoma in the proximal jejunum is sometimes detected by double-
balloon enteroscopy after a long period of surveillance and treatment using only con-
ventional upper gastrointestinal endoscopy (Figure 10b) [64]. Endoscopic surveillance
for jejunal adenomas should be considered at several-year intervals, depending on the
severity of the patient. Chromoendoscopy with indigo carmine can increase the detection
of adenomas [15,65].

Figure 10. Polyps in patients with familial adenomatous polyposis: (a) Small, flat lesions often occur
from the duodenum to the jejunum. (b) A large adenoma in the proximal jejunum was detected by
double-balloon enteroscopy after a long period of surveillance and treatment using only conventional
upper gastrointestinal endoscopy. This lesion was treated by endoscopic submucosal dissection (ESD)
using the pocket-creation method and balloon-assisted endoscopy [64].

In the recent ESGE guideline, endoscopic treatment of lesions in the duodenum and
jejunum has been recommended for lesions larger than 10 mm in size [6] because of
endoscopic maneuverability and the risk of complications. However, the size threshold
for endoscopic resection should be optimized by weighing the risks and benefits. The
feasibility and safety of performing a cold snare polypectomy for duodenal adenomas
in patients with FAP were reported [66]. CSP enabled the removal of a greater number
of polyps in a shorter duration while maintaining safety [67]. Underwater endoscopic
mucosal resection [31] for sporadic nonampullary duodenal adenoma [32] is reported as a
safe and effective procedure. These new techniques have the potential to change the size
threshold for endoscopic resection. Takeuchi et al. reported that intensive downstaging
polypectomy using the new techniques showed significant downstaging with acceptable
adverse events for multiple duodenal adenomas in patients with FAP [68].

Each adenoma may be fused in patients with multiple adenomas and become a larger
lesion. Endoscopic resection of larger adenomas may increase the risk of adverse events.
At least in patients with a large number of adenomas, intensive downstaging polypectomy
should be considered, even without adenomas larger than 10 mm.
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7. Conclusions

Advances in various medical technologies have greatly advanced the diagnosis and
treatment of small intestinal diseases. However, small intestinal cancer is often found at
an advanced stage. Early diagnosis of small intestinal tumors is essential for favorable
outcomes. For early diagnosis, the possibility of small bowel lesions should be considered
in patients with unexplained symptoms and signs after examination of the upper and lower
gastrointestinal tract.
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Abbreviations

BAE balloon-assisted endoscopy

CE capsule endoscopy

csp cold snare polypectomy

CT computed tomography

DBE double-balloon endoscopy
DLBCL  diffuse large B-cell lymphoma

EIP endoscopic ischemic polypectomy
EMR endoscopic mucosal resection
ESD endoscopic submucosal dissection
FAP familial adenomatous polyposis
GIST gastrointestinal stromal tumor
HNPCC  hereditary non-polyposis colorectal cancer
IFP inflammatory fibroid polyp
MDCT  multidetector-row computed tomography
NEC neuroendocrine carcinoma

NET neuroendocrine tumor

PJS Peutz-Jeghers syndrome

RTA regional transit abnormality

SBE single-balloon endoscopy

SBT small bowel tumor

SMT submucosal tumor

UEMR underwater endoscopic mucosal resection

References

1. Jemal, A,; Tiwari, R.C.; Murray, T.; Ghafoor, A.; Samuels, A.; Ward, E.; Feuer, E.J.; Thun, M.]. Cancer statistics, 2004. CA Cancer J.
Clin. 2004, 54, 8-29. [CrossRef] [PubMed]

2. Siegel, R.L,; Giaquinto, A.N.; Jemal, A. Cancer statistics, 2024. CA Cancer ]. Clin. 2024, 74, 12-49. [CrossRef] [PubMed]

3. Rondonotti, E.; Koulaouzidis, A.; Georgiou, J.; Pennazio, M. Small bowel tumours: Update in diagnosis and management.
Curr. Opin. Gastroenterol. 2018, 34, 159-164. [CrossRef]

4. Haselkorn, T.; Whittemore, A.S.; Lilienfeld, D.E. Incidence of small bowel cancer in the United States and worldwide: Geographic,
temporal, and racial differences. Cancer Causes Control 2005, 16, 781-787. [CrossRef]

5.  Yamashita, K.; Oka, S.; Yamada, T.; Mitsui, K.; Yamamoto, H.; Takahashi, K.; Shiomi, A.; Hotta, K.; Takeuchi, Y.; Kuwai, T.; et al.
Clinicopathological features and prognosis of primary small bowel adenocarcinoma: A large multicenter analysis of the JSCCR
database in Japan. J. Gastroenterol. 2024, 59, 376-388. [CrossRef] [PubMed]

6. van Leerdam, M.E.; Roos, V.H.; van Hooft, ].E.; Dekker, E.; Jover, R.; Kaminski, M.E,; Latchford, A.; Neumann, H.; Pellise, M.;
Saurin, ].C.; et al. Endoscopic management of polyposis syndromes: European Society of Gastrointestinal Endoscopy (ESGE)
Guideline. Endoscopy 2019, 51, 877-895. [CrossRef] [PubMed]

7. Mussi, C.; Schildhaus, H.U.; Gronchi, A.; Wardelmann, E.; Hohenberger, P. Therapeutic consequences from molecular biology for

gastrointestinal stromal tumor patients affected by neurofibromatosis type 1. Clin. Cancer Res. 2008, 14, 4550-4555. [CrossRef]
[PubMed]

158



Cancers 2024, 16, 1704

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

Saurin, J.C.; Gutknecht, C.; Napoleon, B.; Chavaillon, A.; Ecochard, R.; Scoazec, ].Y.; Ponchon, T.; Chayvialle, J.A. Surveillance of
duodenal adenomas in familial adenomatous polyposis reveals high cumulative risk of advanced disease. J. Clin. Oncol. 2004, 22,
493-498. [CrossRef]

Jenne, D.E.; Reimann, H.; Nezu, J.; Friedel, W.; Loff, S; Jeschke, R.; Miiller, O.; Back, W.; Zimmer, M. Peutz-Jeghers syndrome is
caused by mutations in a novel serine threonine kinase. Nat. Genet. 1998, 18, 38—43. [CrossRef]

Yehia, L.; Heald, B.; Eng, C. Clinical Spectrum and Science Behind the Hamartomatous Polyposis Syndromes. Gastroenterology
2023, 164, 800-811. [CrossRef]

Monteiro, S.; de Castro, ED.; Carvalho, P.B.; Moreira, M.].; Rosa, B.; Cotter, J. PillCam(R) SB3 capsule: Does the increased frame
rate eliminate the risk of missing lesions? World ]. Gastroenterol. 2016, 22, 3066-3068. [CrossRef] [PubMed]

Kong, H.; Kim, Y.S.; Hyun, ].J.; Cho, Y.J.; Keum, B.; Jeen, Y.T.; Lee, H.S.; Chun, H.].; Um, S.H.; Lee, S.W,; et al. Limited ability of
capsule endoscopy to detect normally positioned duodenal papilla. Gastrointest. Endosc. 2006, 64, 538-541. [CrossRef] [PubMed]
Han, ].W.; Hong, S.N.; Jang, H.J.; Jeon, S.R.; Cha, ] M.; Park, S.J.; Byeon, ].S.; Ko, B.M.; Kim, E.R.; Choi, H.; et al. Clinical Efficacy
of Various Diagnostic Tests for Small Bowel Tumors and Clinical Features of Tumors Missed by Capsule Endoscopy. Gastroenterol.
Res. Pract. 2015, 2015, 623208. [CrossRef] [PubMed]

Tang, S.J.; Zanati, S.; Dubcenco, E.; Christodoulou, D.; Cirocco, M.; Kandel, G.; Kortan, P.; Haber, G.B.; Marcon, N.E. Capsule
endoscopy regional transit abnormality: A sign of underlying small bowel pathology. Gastrointest. Endosc. 2003, 58, 598-602.
[PubMed]

Monkemuller, K.; Fry, L.C.; Ebert, M.; Bellutti, M.; Venerito, M.; Knippig, C.; Rickes, S.; Muschke, P.; Rocken, C.; Malfertheiner, P.
Feasibility of double-balloon enteroscopy-assisted chromoendoscopy of the small bowel in patients with familial adenomatous
polyposis. Endoscopy 2007, 39, 52-57. [CrossRef] [PubMed]

Wada, M.; Lefor, A.T.; Mutoh, H.; Yano, T.; Hayashi, Y.; Sunada, K.; Nishimura, N.; Miura, Y.; Sato, H.; Shinhata, H.; et al.
Endoscopic ultrasound with double-balloon endoscopy in the evaluation of small-bowel disease. Surg. Endosc. 2014, 28,
2428-2436. [CrossRef] [PubMed]

Shinya, T.; Inai, R.; Tanaka, T.; Akagi, N.; Sato, S.; Yoshino, T.; Kanazawa, S. Small bowel neoplasms: Enhancement patterns and
differentiation using post-contrast multiphasic multidetector CT. Abdom. Radiol. 2017, 42, 794-801. [CrossRef] [PubMed]

Li,R.; Ye, S.; Zhou, C.; Liu, E; Li, X. A systematic review and meta-analysis of magnetic resonance and computed tomography
enterography in the diagnosis of small intestinal tumors. Peer] 2023, 11, e16687. [CrossRef] [PubMed]

Honda, W.; Ohmiya, N.; Hirooka, Y.; Nakamura, M.; Miyahara, R.; Ohno, E.; Kawashima, H.; Itoh, A.; Watanabe, O.; Ando, T.;
et al. Enteroscopic and radiologic diagnoses, treatment, and prognoses of small-bowel tumors. Gastrointest. Endosc. 2012, 76,
344-354. [CrossRef]

Miettinen, M.; Lasota, J. Gastrointestinal stromal tumors. Gastroenterol. Clin. N. Am. 2013, 42, 399-415. [CrossRef]

Salvi, PE; Lorenzon, L.; Caterino, S.; Antolino, L.; Antonelli, M.S.; Balducci, G. Gastrointestinal stromal tumors associated with
neurofibromatosis 1: A single centre experience and systematic review of the literature including 252 cases. Int. ]. Surg. Oncol.
2013, 2013, 398570. [CrossRef] [PubMed]

Nakano, A.; Nakamura, M.; Watanabe, O.; Yamamura, T.; Funasaka, K.; Ohno, E.; Kawashima, H.; Miyahara, R.; Goto, H.;
Hirooka, Y. Endoscopic Characteristics, Risk Grade, and Prognostic Prediction in Gastrointestinal Stromal Tumors of the Small
Bowel. Digestion 2017, 95, 122-131. [CrossRef] [PubMed]

Martinez-Alcala, A.; Fry, L.C.; Kroner, T.; Peter, S.; Contreras, C.; Monkemidiller, K. Endoscopic spectrum and practical classification
of small bowel gastrointestinal stromal tumors (GISTs) detected during double-balloon enteroscopy. Endosc. Int. Open 2021, 9,
E507-E512. [CrossRef] [PubMed]

Miettinen, M.; Lasota, J. Histopathology of gastrointestinal stromal tumor. ]. Surg. Oncol. 2011, 104, 865-873. [CrossRef] [PubMed]
Nakamura, S.; Matsumoto, T. Gastrointestinal lymphoma: Recent advances in diagnosis and treatment. Digestion 2013, 87,
182-188. [CrossRef] [PubMed]

Kobayashi, H.; Nagai, T.; Omine, K.; Sato, K.; Ozaki, K.; Suzuki, T.; Mori, M.; Muroi, K.; Yano, T.; Yamamoto, H.; et al. Clinical
outcome of non-surgical treatment for primary small intestinal lymphoma diagnosed with double-balloon endoscopy. Leuk.
Lymphoma 2013, 54, 731-736. [CrossRef] [PubMed]

Tian, EY.; Wang, ] X.; Huang, G.; An, W.; Ai, L.S.; Wang, S.; Wang, P.Z; Yu, Y.B.; Zuo, X.L,; Li, Y.Q. Clinical and endoscopic
features of primary small bowel lymphoma: A single-center experience from mainland China. Front. Oncol. 2023, 13, 1142133.
[CrossRef] [PubMed]

Magome, S.; Sakamoto, H.; Shinozaki, S.; Okada, M.; Yano, T.; Sunada, K.; Lefor, A K.; Yamamoto, H. Double-Balloon Endoscopy-
Assisted Balloon Dilation of Strictures Secondary to Small-Intestinal Lymphoma. Clin. Endosc. 2020, 53, 101-105. [CrossRef]
[PubMed]

Yantiss, R.K.; Odze, R.D.; Farraye, F.A.; Rosenberg, A.E. Solitary versus multiple carcinoid tumors of the ileum: A clinical and
pathologic review of 68 cases. Am. |. Surg. Pathol. 2003, 27, 811-817. [CrossRef]

Manguso, N.; Gangi, A.; Johnson, J.; Harit, A.; Nissen, N.; Jamil, L.; Lo, S.; Wachsman, A.; Hendifar, A.; Amersi, F. The role of
pre-operative imaging and double balloon enteroscopy in the surgical management of small bowel neuroendocrine tumors: Is it
necessary? J. Surg. Oncol. 2018, 117, 207-212. [CrossRef]

Binmoeller, K.F.; Shah, ].N.; Bhat, Y.M.; Kane, 5.D. “Underwater” EMR of sporadic laterally spreading nonampullary duodenal
adenomas (with video). Gastrointest. Endosc. 2013, 78, 496-502. [CrossRef] [PubMed]

159



Cancers 2024, 16, 1704

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.
51.

52.

53.

54.

55.

56.

Yamasaki, Y.; Uedo, N.; Takeuchi, Y.; Higashino, K.; Hanaoka, N.; Akasaka, T.; Kato, M.; Hamada, K.; Tonai, Y.; Matsuura, N.;
et al. Underwater endoscopic mucosal resection for superficial nonampullary duodenal adenomas. Endoscopy 2018, 50, 154-158.
[CrossRef]

Toyonaga, H.; Harada, T.; Katanuma, A. Gel Immersion Endoscopic Mucosal Resection for a Large Non-Ampullary Duodenal
Adenoma. Am. ]. Gastroenterol. 2022, 117, 1402. [CrossRef]

Miyakawa, A.; Kuwai, T.; Miyauchi, T.; Shimura, H.; Shimura, K. Gel immersion endoscopy-facilitated endoscopic mucosal
resection of a superficial nonampullary duodenal epithelial tumor: A novel approach. VideoGIE 2021, 6, 422-426. [CrossRef]
Amino, H.; Yamashina, T.; Marusawa, H. Under-gel Endoscopic Mucosal Resection without Injection: A Novel Endoscopic
Treatment Method for Superficial Nonampullary Duodenal Epithelial Tumors. JMA J. 2021, 4, 415-419. [PubMed]

Yamashina, T.; Shimatani, M.; Takahashi, Y.; Takeo, M.; Saito, N.; Matsumoto, H.; Kasai, T.; Kano, M.; Sumimoto, K.; Mitsuyama,
T.; et al. Gel Immersion Endoscopic Mucosal Resection (EMR) for Superficial Nonampullary Duodenal Epithelial Tumors May
Reduce Procedure Time Compared with Underwater EMR (with Video). Gastroenterol. Res. Pract. 2022, 2022, 2040792. [CrossRef]
Miyakawa, A.; Kuwai, T.; Sakuma, Y.; Kubota, M.; Nakamura, A.; Itobayashi, E.; Shimura, H.; Suzuki, Y.; Shimura, K. A feasibility
study comparing gel immersion endoscopic resection and underwater endoscopic mucosal resection for superficial nonampullary
duodenal epithelial tumors. Endoscopy 2023, 55, 261-266. [CrossRef]

Matsubara, Y.; Tsuboi, A.; Hirata, I.; Sumioka, A.; Tanaka, H.; Yamashita, K.; Urabe, Y.; Oka, S. Gel immersion EMR of small-bowel
inflammatory fibroid polyp using double-balloon endoscopy. VideoGIE 2024, 9, 92-94. [CrossRef] [PubMed]

Kitaoka, F.; Shiogama, T.; Mizutani, A.; Tsurunaga, Y.; Fukui, H.; Higami, Y.; Shimokawa, L; Taguchi, T.; Kanematsu, T. A solitary
Peutz-Jeghers-type hamartomatous polyp in the duodenum. A case report including results of mutation analysis. Digestion 2004,
69, 79-82. [CrossRef]

Hizawa, K.; Kawasaki, M.; Kouzuki, T.; Aoyagi, K.; Fujishima, M. Unroofing technique for the endoscopic resection of a large
duodenal lipoma. Gastrointest. Endosc. 1999, 49, 391-392. [CrossRef]

Toya, Y.; Endo, M.; Orikasa, S.; Sugai, T.; Matsumoto, T. Lipoma of the small intestine treated with endoscopic resection. Clin. J.
Gastroenterol. 2014, 7, 502-505. [CrossRef]

Wu, T.L; Hsu, H.T;; Yen, H.H. Jejunum lymphangioma: A rare case of obscure gastrointestinal bleeding with successful
endoscopic therapy. Endoscopy 2021, 53, E307-E308. [CrossRef]

Rimondi, A.; Sorge, A.; Murino, A.; Nandi, N.; Scaramella, L.; Vecchi, M.; Tontini, G.E.; Elli, L. Treatment options for gastrointesti-
nal bleeding blue rubber bleb nevus syndrome: Systematic review. Dig. Endosc. 2024, 36, 162-171. [CrossRef] [PubMed]

Igawa, A.; Oka, S.; Tanaka, S.; Kunihara, S.; Nakano, M.; Chayama, K. Polidocanol injection therapy for small-bowel hemangioma
by using double-balloon endoscopy. Gastrointest. Endosc. 2016, 84, 163-167. [CrossRef] [PubMed]

Kopacova, M.; Tacheci, I.; Koudelka, J.; Kralova, M.; Rejchrt, S.; Bures, J. A new approach to blue rubber bleb nevus syndrome:
The role of capsule endoscopy and intra-operative enteroscopy. Pediatr. Surg. Int. 2007, 23, 693-697. [CrossRef] [PubMed]
Emami, M.H.; Haghdani, S.; Tavakkoli, H.; Mahzouni, P. Endoscopic polypectomy resection of blue rubber bleb nevus lesions in
small bowel. Indian J. Gastroenterol. 2008, 27, 165-166.

Grammatopoulos, A.; Petraki, K.; Katsoras, G. Combined use of band ligation and detachable snares (endoloop) in a patient with
blue rubber bleb nevus syndrome. Ann. Gastroenterol. 2013, 26, 264-266.

Lazaridis, N.; Murino, A.; Koukias, N.; Kiparissi, F.; Despott, E.J. Blue rubber bleb nevus syndrome in a 10-year-old child treated
with loop ligation facilitated by double-balloon enteroscopy. VideoGIE 2020, 5, 412-414. [CrossRef]

Latchford, A.R.; Clark, S.K. Gastrointestinal aspects of Peutz-Jeghers syndrome. Best Pract. Res. Clin. Gastroenterol. 2022, 58-59,
101789. [CrossRef]

Patel, R.; Hyer, W. Practical management of polyposis syndromes. Frontline Gastroenterol. 2019, 10, 379-387. [CrossRef]
Pennazio, M.; Rondonotti, E.; Despott, E.J.; Dray, X.; Keuchel, M.; Moreels, T.; Sanders, D.S.; Spada, C.; Carretero, C.; Cortegoso
Valdivia, P; et al. Small-bowel capsule endoscopy and device-assisted enteroscopy for diagnosis and treatment of small-bowel
disorders: European Society of Gastrointestinal Endoscopy (ESGE) Guideline—Update 2022. Endoscopy 2023, 55, 58-95. [CrossRef]
[PubMed]

Ohmiya, N.; Taguchi, A.; Shirai, K.; Mabuchi, N.; Arakawa, D.; Kanazawa, H.; Ozeki, M.; Yamada, M.; Nakamura, M.; Itoh,
A_; et al. Endoscopic resection of Peutz-Jeghers polyps throughout the small intestine at double-balloon enteroscopy without
laparotomy. Gastrointest. Endosc. 2005, 61, 140-147. [CrossRef] [PubMed]

Sakamoto, H.; Yamamoto, H.; Hayashi, Y.; Yano, T.; Miyata, T.; Nishimura, N.; Shinhata, H.; Sato, H.; Sunada, K.; Sugano, K.
Nonsurgical management of small-bowel polyps in Peutz-Jeghers syndrome with extensive polypectomy by using double-balloon
endoscopy. Gastrointest. Endosc. 2011, 74, 328-333. [CrossRef] [PubMed]

Takakura, K.; Kato, T.; Arihiro, S.; Miyazaki, T.; Arai, Y.; Nakao, Y.; Komoike, N.; Itagaki, M.; Odagi, I.; Hirohama, K.; et al.
Selective ligation using a detachable snare for small-intestinal polyps in patients with Peutz-Jeghers syndrome. Endoscopy 2011,
43 (Suppl. S2), E264-E265. [CrossRef]

Yano, T.; Shinozaki, S.; Yamamoto, H. Crossed-clip strangulation for the management of small intestinal polyps in patients with
Peutz-Jeghers syndrome. Dig. Endosc. 2018, 30, 677. [CrossRef] [PubMed]

Khurelbaatar, T.; Sakamoto, H.; Yano, T.; Sagara, Y.; Dashnyam, U.; Shinozaki, S.; Sunada, K.; Lefor, A.K.; Yamamoto, H.
Endoscopic ischemic polypectomy for small-bowel polyps in patients with Peutz-Jeghers syndrome. Endoscopy 2021, 53, 744-748.
[CrossRef] [PubMed]

160



Cancers 2024, 16, 1704

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Kamiya, K.J.L.L.; Hosoe, N.; Takabayashi, K.; Okuzawa, A.; Sakurai, H.; Hayashi, Y.; Miyanaga, R.; Sujino, T.; Ogata, H.; Kanai, T.
Feasibility and Safety of Endoscopic Ischemic Polypectomy and Clinical Outcomes in Patients with Peutz-Jeghers Syndrome
(with Video). Dig. Dis. Sci. 2023, 68, 252-258. [CrossRef] [PubMed]

Oguro, K.; Sakamoto, H.; Yano, T.; Funayama, Y.; Kitamura, M.; Nagayama, M.; Sunada, K.; Lefor, A K.; Yamamoto, H. Endoscopic
treatment of intussusception due to small intestine polyps in patients with Peutz-Jeghers Syndrome. Endosc. Int. Open 2022, 10,
E1583-E1588. [CrossRef] [PubMed]

Gardner, E.J. Follow-up study of a family group exhibiting dominant inheritance for a syndrome including intestinal polyps,
osteomas, fibromas and epidermal cysts. Am. |. Hum. Genet. 1962, 14, 376-390.

Saurin, ].C.; Ligneau, B.; Ponchon, T.; Leprétre, J.; Chavaillon, A.; Napoléon, B.; Chayvialle, J.A. The influence of mutation site
and age on the severity of duodenal polyposis in patients with familial adenomatous polyposis. Gastrointest. Endosc. 2002, 55,
342-347. [CrossRef]

Iwama, T,; Tamura, K.; Morita, T.; Hirai, T.; Hasegawa, H.; Koizumi, K.; Shirouzu, K.; Sugihara, K.; Yamamura, T.; Muto, T.; et al.
A clinical overview of familial adenomatous polyposis derived from the database of the Polyposis Registry of Japan. Int. J. Clin.
Oncol. 2004, 9, 308-316. [CrossRef] [PubMed]

Jagelman, D.G.; DeCosse, ].J.; Bussey, H.]. Upper gastrointestinal cancer in familial adenomatous polyposis. Lancet 1988, 1,
1149-1151. [CrossRef] [PubMed]

Yang, J.; Gurudu, S.R.; Koptiuch, C.; Agrawal, D.; Buxbaum, ].L.; Abbas Fehmi, S.M.; Fishman, D.S.; Khashab, M.A_; Jamil, L.H.;
Jue, T.L.; et al. American Society for Gastrointestinal Endoscopy guideline on the role of endoscopy in familial adenomatous
polyposis syndromes. Gastrointest. Endosc. 2020, 91, 963-982.e962. [CrossRef] [PubMed]

Iida, M.; Sakamoto, H.; Miura, Y.; Yano, T.; Hayashi, Y.; Lefor, A.K.; Yamamoto, H. Jejunal endoscopic submucosal dissection is
feasible using the pocket-creation method and balloon-assisted endoscopy. Endoscopy 2018, 50, 931-932. [CrossRef] [PubMed]
Dekker, E.; Boparai, K.S.; Poley, ]. W.; Mathus-Vliegen, E.M.; Offerhaus, G.J.; Kuipers, E.J.; Fockens, P.; Dees, J. High resolution
endoscopy and the additional value of chromoendoscopy in the evaluation of duodenal adenomatosis in patients with familial
adenomatous polyposis. Endoscopy 2009, 41, 666-669. [CrossRef]

Hamada, K.; Takeuchi, Y.; Ishikawa, H.; Ezoe, Y.; Arao, M.; Suzuki, S.; Iwatsubo, T.; Kato, M.; Tonai, Y.; Shichijo, S.; et al. Safety of
cold snare polypectomy for duodenal adenomas in familial adenomatous polyposis: A prospective exploratory study. Endoscopy
2018, 50, 511-517. [CrossRef] [PubMed]

Sekiya, M.; Sakamoto, H.; Yano, T.; Miyahara, S.; Nagayama, M.; Kobayashi, Y.; Shinozaki, S.; Sunada, K.; Lefor, A K.; Yamamoto,
H. Double-balloon endoscopy facilitates efficient endoscopic resection of duodenal and jejunal polyps in patients with familial
adenomatous polyposis. Endoscopy 2021, 53, 517-521. [CrossRef]

Takeuchi, Y.; Hamada, K.; Nakahira, H.; Shimamoto, Y.; Sakurai, H.; Tani, Y.; Shichijo, S.; Maekawa, A.; Kanesaka, T.; Yamamoto,
S.; et al. Efficacy and safety of intensive downstaging polypectomy (IDP) for multiple duodenal adenomas in patients with
familial adenomatous polyposis: A prospective cohort study. Endoscopy 2023, 55, 515-523. [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.

161






MDPI AG
Grosspeteranlage 5
4052 Basel
Switzerland
Tel.: +41 61 683 77 34

Cancers Editorial Office
E-mail: cancers@mdpi.com
www.mdpi.com/journal/cancers

Z

MDPI

F

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.






[w]*:d[m] Academic Open
‘g Access Publishing

t mdpi.com ISBN 978-3-7258-1722-1



