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ABSTRACT

1. Abstract

The gastrointestinal (Gl) tract is the organ system with the highest cancer burden
and cancer mortality. More particularly, upper Gl neoplasia encompasses esophageal
cancer (EC), gastric cancer (GC) and duodenal cancer. There is a wide variation between
these neoplasias regarding epidemiology, natural history, diagnostic and therapeutic
management. EC and GC belong to the most commonly diagnosed malignancies
worldwide, being associated with a high disease-related mortality. Regarding
duodenal neoplasia, while most cases are diagnosed incidentally by
esophagogastroduodenoscopy (EGD) performed for other reasons, they are being
increasingly detected and pose a significant challenge, since endoscopic resection (ER)
in this location is more difficult and associated with a higher risk of adverse events

(AEs) compared with other locations.

Differences in the modifiable risk factors, genetic background and in the
distribution of tumor subtypes across populations have been found to partially explain
the worldwide and even regional differentials in the burden from Gl cancers; more
particularly, wide variations between Western and Asian populations are evident,
especially for EC and GC. This may significantly impact on the applicability of the
results and data from Asian centers to Western populations and vice-versa. Some Asian
countries (such as Japan and Korea) have structured, nationwide endoscopic
screening programs for EC and GC, whose cost-effectiveness has been demonstrated,
given the high incidence of these cancers. Nevertheless, many questions remain to be
answered in the context of Western countries, namely: (i) the efficacy and cost-
effectiveness of screening for upper Gl neoplasia [particularly in high-risk populations
such as patients with compensated advanced chronic liver disease (cACLD) and
patients with head and neck neoplasia (HNN)], (ii) the applicability and safety of
advanced ER techniques and (iii) the long-term management after ER of upper Gl
neoplasia, especially in the undesirable event of a non-curative resection, which could

have a significant impact in the decision-making process.
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Therefore, the main aim of this thesis was to present case studies on how to improve
the screening, therapeutic approach and long-term management of upper Gl

neoplasia in the Western setting.

The first study was a retrospective study that aimed to evaluate the frequency of
gastric neoplasia in cACLD patients who underwent EGD for screening for
gastroesophageal varices compared to healthy individuals who underwent EGD for GC
screening (at the same time as colonoscopy performed for colorectal cancer
screening). We found an increased frequency of gastric neoplasia in patients with
cACLD in comparison to healthy individuals. Our results support that, at least in
Portugal and other European countries with intermediate-high incidence of GC,
continuing to perform EGD in patients with cACLD should be considered, instead of a

non-invasive approach for evaluation of gastroesophageal varices.

The second study was a prospective single-center study that aimed to evaluate the
clinical impact and cost-effectiveness of an endoscopic screening program for
esophageal (EN) and gastric neoplasia (GN) in patients with HNN. We identified EN or
GN in a fifth of HNN patients, most presenting at an early stage and being amenable
to ER. In the health economic analysis, the program implementation was shown to be
cost-effective in Portugal. These results may be applicable to other medium-high-

income Western countries.

The third study was a retrospective multinational Western study (10 European
centers) that aimed to compare the efficacy and outcomes of underwater endoscopic
mucosal resection (U-EMR) versus conventional endoscopic mucosal resection for the
management of superficial nonampullary duodenal epithelial tumors. U-EMR recently
emerged as potential alternative in the therapeutic management of these lesions, but
previous studies focused on Asian populations and small lesions. We found that U-EMR
was associated with a lower rate of AEs and residual lesion, regardless of lesion size.
Our results confirm the possible role of U-EMR as an effective and safe technique in the

management of superficial nonampullary duodenal epithelial tumors.

The fourth study was a retrospective multinational study (19 European and
Australian centers) that aimed to validate the eCura scoring system [previously created

and validated in Japan to aid in decision-making after a non-curative gastric
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endoscopic submucosal dissection by stratifying patients into low, intermediate and
high risk for lymph node metastasis]. We confirmed that the eCura may be applied in
Western countries. In addition, a modified version of the eCura was created (W-eCura).
The W-eCura showed a higher accuracy than the original eCura system. This new score
may be particularly helpful in high-risk surgical patients, avoiding unnecessary

surgeries, while maintaining a very high sensitivity.

This thesis provides data that may contribute to improving the diagnosis,
therapeutic approach and long-term management of upper Gl neoplasia; in fact, with
tailored patient selection, judicious use of ER techniques and score-guided decision-
making after ER, it may be possible to achieve similar results in the Western setting to

those observed in Asian countries, such as Japan.
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2. Resumo

O trato gastrointestinal é o orgao com maior incidéncia e mortalidade por cancro.
Mais particularmente, a neoplasia do tubo digestivo superior abrange o cancro do
esofago (CE), o cancro gastrico (CG) e o cancro duodenal. Existe uma grande variagao
entre estas neoplasias no que respeita a epidemiologia, histéria natural, abordagem
diagnéstica e terapéutica. O CE e o CG sao das neoplasias mais comummente
diagnosticadas em todo o mundo, estando associadas a uma elevada mortalidade
relacionada com a doenca. Em relacao as neoplasias duodenais, embora a maioria dos
casos seja diagnosticada incidentalmente por esofagogastroduodenoscopia (EGD)
realizada por outros motivos, estao a ser cada vez mais detetadas e representam um
desafio significativo, uma vez que a resseccao endoscopica (RE) nesta localizacdo é
mais dificil e esta associada a um maior risco de eventos adversos em comparacao com

outras localizacoes.

Verificou-se que as diferencas nos fatores de risco modificdveis, nos antecedentes
genéticos e na distribuicao dos subtipos de tumores entre as populagcdes podem
explicar parcialmente as diferencas a nivel mundial e mesmo regional na frequéncia
dos cancros gastrointestinais; em particular, sdo evidentes grandes variagdes entre as
populagdes ocidentais e asiaticas, especialmente para o CE e o CG. Isto pode afetar a
aplicabilidade dos resultados e dados dos centros asiaticos as populacdes ocidentais
e vice-versa. Alguns paises asiaticos (como o Japao e a Coreia) tém programas
nacionais estruturados de rastreio endoscoépico para o CE e CG, cuja relacao custo-
eficacia foi demonstrada, dada a elevada incidéncia destes cancros. No entanto, muitas
questdbes continuam por responder no contexto dos paises ocidentais,
nomeadamente: (i) a eficacia e a relacdo custo-eficicia do rastreio da neoplasia do
trato gastrointestinal superior [particularmente em populacdes de alto risco, como os
doentes com doenca hepatica crénica avancada compensada (DHCACc) e os doentes
com neoplasia de cabeca e pescoco], (ii) a aplicabilidade e seguranca de técnicas
avancadas de RE e (iii) a abordagem a longo prazo apés RE de neoplasias do trato
gastrointestinal superior, especialmente no evento indesejavel de uma resseccdo nao

curativa, que pode ter um impacto significativo no processo de tomada de decisao.



RESUMO

Assim sendo, o principal objetivo desta tese foi apresentar estudos de caso sobre
como melhorar o rastreio, a abordagem terapéutica e o tratamento a longo prazo da

neoplasia do trato gastrointestinal superior no contexto Ocidental.

O primeiro estudo foi um trabalho retrospetivo no qual se avaliou a frequéncia de
neoplasia gastrica em doentes com DHCAc submetidos a EGD para rastreio de varizes
gastroesofagicas em comparacao com individuos sauddveis que foram submetidos a
EGD para rastreio de CG (a0 mesmo tempo que a colonoscopia realizada para rastreio
do cancro colorretal). Verificdmos uma frequéncia aumentada de neoplasia gdstrica
em doentes com DHCAc em comparacao com individuos saudaveis. Os nossos
resultados suportam que, pelo menos em Portugal e noutros paises europeus com
incidéncia intermédia-elevado de CG, deve ser considerada a continuacdo da
realizacao de EGD em doentes com DHCAC, ao invés de uma abordagem nao invasiva

para exclusao de varizes gastroesofagicas.

O segundo foi um estudo prospetivo unicéntrico que teve como objetivo avaliar o
impacto clinico e a relagao custo-eficacia de um programa de rastreio endoscépico
para neoplasia esofagica (NE) e gastrica (NG) em doentes com neoplasia da cabega e
pescoco. Identificdamos NE ou NG em um quinto dos doentes, a maioria apresentando-
se em estadio inicial e passivel de resseccao endoscoépica. Na andlise econémica de
saude, a implementacdo do programa revelou-se custo-eficaz em Portugal. Estes
resultados podem ser aplicaveis a outros paises ocidentais de rendimento médio-

elevado.

O terceiro estudo foi um estudo ocidental multinacional retrospetivo (10 centros
europeus) que teve como objetivo comparar a eficacia e os resultados da resseccao
endoscépica da mucosa subaqudtica (U-EMR) versus a resseccao endoscopica da
mucosa convencional para o tratamento de lesdes epiteliais duodenais superficiais
nao ampulares. A U-EMR surgiu recentemente como uma potencial alternativa na
abordagem terapéutica destas lesdes, mas estudos anteriores focaram-se em
populacdes asidticas e lesdes pequenas. Verificdmos que a U-EMR se associou a uma
menor taxa global de eventos adversos e de lesao residual, independentemente do

tamanho da lesdo. Os nossos resultados confirmam o possivel papel da U-EMR como
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uma técnica eficaz e segura na gestao das lesdes epiteliais duodenais superficiais ndo

ampulares.

O quarto estudo foi uma andlise retrospetiva multinacional (19 centros europeus e
australianos) que teve como objetivo validar o sistema de pontuacao eCura
[previamente criado e validado no Japao para auxiliar na tomada de decisao ap6s uma
disseccao endoscédpica da submucosa gastrica ndo curativa, estratificando doentes em
risco baixo, intermédio e alto de metdstase ganglionar]. Confirmdmos que o eCura
pode ser aplicado nos paises ocidentais. Além disso, foi criada uma versao modificada
do mesmo: W-eCura. O W-eCura apresentou uma maior precisao do que o sistema
eCura original. Este novo score pode ser particularmente util em doentes cirdrgicos de
alto risco, evitando cirurgias desnecessarias, mantendo ao mesmo tempo uma

sensibilidade muito elevada.

Esta tese fornece dados que podem contribuir para melhorar o diagnéstico, a
abordagem terapéutica e a gestdao a longo prazo das neoplasias do trato
gastrointestinal superior; de facto, com a selecdo personalizada dos doentes, a
utilizacao criteriosa de técnicas de RE e a tomada de decisao guiada por sistemas de
pontuacdo apos RE, resultados semelhantes aos observados em paises asiaticos, como

o0 Japao, poderao ser alcancados no Ocidente.
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3. Introduction

The gastrointestinal (Gl) tract is the organ system with the highest cancer burden
and cancer mortality. Gl cancers account for one-fourth of cancer cases, with over 5.2
million cases of Gl cancers diagnosed in 2021, and nearly one-third of cancer-related
mortality globally (1, 2). From 2010 to 2021, while the incidence rates of colorectal
cancer (CRC), pancreatic cancer and liver cancer (from metabolic dysfunction-
associated steatotic liver disease and alcohol-related liver disease) have increased,
esophageal, gastric and biliary tract cancer have decreased (2). There is a considerable
variation in incidence and mortality rates across the world, but most cases are still

diagnosed at advanced stages (3).

Upper Gl neoplasia encompass esophageal cancer (EC), gastric cancer (GC) and
duodenal cancer. There is a wide variation between these neoplasias regarding
epidemiology, natural history, diagnostic and therapeutic management (4).
Nevertheless, considering that their clinical burden may be significant, all of them will

be considered in this thesis.

3.1. Epidemiology and pathogenesis
of upper gastrointestinal neoplasia

EC and GC belong to the most commonly diagnosed malignancies worldwide,
being associated with a high disease-related mortality (5, 6) (Fig. 1 and 2). Given their
anatomic proximity, both sites share several risk factors and epidemiological features.
However, EC and GC also display distinct geographical and temporal patterns in their
incidence. Also, although most cases of duodenal neoplasia are diagnosed incidentally
by esophagogastroduodenoscopy (EGD) performed for other reasons (7), duodenal
precursor and invasive lesions are being increasingly detected and their

epidemiological trends should also be addressed.
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Figure 1. Age-standardized incidence rate (World) per 100 000 of EC and GC (combined), both sexes
combined, 2022.
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3.1.1. Esophageal neoplasia

ECis a complex disease whose etiological factors vary depending on the histologic
type and the population in which it occurs. Typically, two main histological subtypes
of EC are distinguished: squamous cell carcinoma (ESCC) and adenocarcinoma (EAC).

While ESCC occurs primarily in stratified squamous epithelium lining the upper two-
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thirds of the esophagus, EAC typically develops in the lower third of the esophagus
and originates predominantly from the Barrett mucosa (8). ESCC and EAC have almost

completely distinct geographic patterns, time trends, and primary risk factors (9).

Globally, there were more than 500,000 new cases and more than 400,000 deaths
from EC in 2022, corresponding to age-standardized incidence and mortality rates of
5.0 and 4.3 per 100,000, respectively. Most cases (85%) were SCCs. Incidence and
mortality rates were 2- to 3-fold higher in males compared with females (3). Although
age-standardized incidence and mortality rates of EC have decreased worldwide over
the past three decades, there has been an increase in (i) absolute numbers of new
cases and deaths and (ii) disability-adjusted life years attributable to EC, in relation to
population growth and ageing (10). These trends over time indicate that EC still causes
a substantial disease burden across the world that may continue to rise. It isimportant
to note that while globally ESCC remains the most common type of EC, recent studies
have showed a changing landscape of EC, with decreases in ESCC and increases in EAC
observed in high-income Western countries, most likely due to changes in risk factor

profiles across these countries (6, 11).

The most important prognostic factor of EC is the disease stage at diagnosis, with
most cases being diagnosed at an advanced stage. EC survival in most countries
remains low, in the range of 10%-30% at 5 years after diagnosis (12). Nevertheless,
there are promising results from some high-income countries, such as Japan, with a 5-

year survival of 34% in the 2010-2014 period (12).

Esophageal squamous-cell carcinoma

ESCC remains the most common subtype of EC globally, with its highest incidence
rates in Eastern Asia and Eastern Africa, particularly in areas such as Northern Iran,
Central Asia and China (forming the so-called “esophageal cancer belt”) (6). This area
was along the path of the Silk Road, which has led to hypotheses that some shared
environmental and/or genetic risk factors along this route can be a possible

explanation for the observed high risk (10).

The etiology of ESCC is multi-factorial and strongly population-dependent. Tobacco

smoking and heavy alcohol consumption remain the two main risk factors for ESCC

11
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and have been found to be responsible for the majority of ESCC cases in high-income
countries (13, 14). These behaviors were historically more prevalent in men than in
women. Nevertheless, in high-incidence areas, risk factors such as hot beverage
drinking, opium use, low intake of fresh fruits, indoor air pollution, lack of access to
piped water, poor oral health and low socioeconomic status seem to be the main
contributors for this neoplasia (15, 16). These risk factors seem to be less sex-
dependent than those reported in high-income countries. Other risk-factors include
caustic injuries and radiotherapy (RT) for breast cancer (17, 18). Given these large

differences in etiology, population-specific estimates are needed for all risk factors.

Precursor lesions and histopathological characterization

ESCC is generally believed to develop through a sequence of dysplastic precursor
lesions, which can be detected endoscopically and diagnosed by histopathological
evaluation (19). Squamous dysplasia of the esophagus is defined as an unequivocal
neoplastic alteration of the esophageal squamous epithelium (with evident
architectural and cytologic abnormalities) limited to the esophageal epithelium and
not invading the lamina propria (20, 21). Squamous dysplasia results from clonal
genetic alterations [e.g. PT53 alterations, which occurs in approximately 90% of all
cases (22, 23)] and is associated with a predisposition for progression to invasive

carcinoma.

Risk factors for dysplasia are similar to those previously identified for ESCC. It is
important to note that numerous studies have attempted to assess whether human
papillomavirus (HPV) is an etiologic agent in esophageal carcinogenesis, possibly by
acting synergistically with physical, chemical, and/or nutritional factors that have
previously been described (24). However, evidence is controversial and contradictory.
For example, there are studies reporting HPV positivity in 13% of subjects without
squamous dysplasia, compared to 8% to 16% with squamous dysplasia, and 0% with
invasive ESCC (25). Overall, this indicates that, if HPV is an etiologic agent, the number

of cases caused by this virus is very low (9, 26-30).

Microscopically, squamous dysplasia is characterized by architectural and cytologic
abnormalities that vary in extent and severity. Architectural abnormalities include loss

of normal cell polarity, overlapping nuclei, and lack of surface maturation. Cytologic
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abnormalities encompass nuclear changes, such as enlargement, hyperchromasia,
pleomorphism, increased nuclear/ cytoplasmic ratio, as well as increased mitotic
activity. The histopathologic characterization of squamous dysplasia is relevant for
grading and diagnosis purposes. For example, the World Health Organization (WHO)
classification adopted a two-tiered system [low-grade (LGD) and high-grade (HGD)] for
the grading of squamous dysplasia, based on the vertical extent of epithelial
involvement of the dysplastic cells and the severity of cytologic atypia (20). As another
example, in Western countries, ESCC is diagnosed when the neoplastic epithelium
invades the lamina propria or beyond. In contrast, most Japanese pathologists define
HGD as “non-invasive” or “in situ” squamous-cell carcinoma. This is a consequence of
differences in the diagnostic criteria for carcinoma, with Japanese pathologists
considering nuclear atypia to be as important as the invasive depth of the tumor (31).
Nevertheless, despite these differences in the histopathological characterization, the

clinical management is similar in the Western and Japanese setting (32).

The natural history of esophageal squamous dysplasia may be influenced by local
and systemic immune responses (33). Previous Asian studies showed that
approximately two-thirds of cases of dysplasia have a regressive or stable status, with
the remaining one-third having a progressive status (34). The risk of progression
increases along with the histologic grading of dysplasia (35). A recent nationwide
study from Netherlands showed that the annual risk of ESCC was 4.0% in patients with
LGD and 8.5% in patients with HGD, with the rate of ESCC development increasing with
the severity of the dysplasia and age (36). This suggest that endoscopic follow-up or
treatment should be considered in all patients with esophageal squamous dysplasia.
While for patients with LGD endoscopic surveillance with careful inspection with
virtual chromoendoscopy [such as narrow-band imaging (NBI)] or dye-based
chromoendoscopy of the esophageal mucosa may be applied, in patients with HGD

and in case of suspected ESCC, endoscopic treatment should be performed (19).

Esophageal adenocarcinoma

Over the past 30 years, there has been a significant increase in the incidence of EAC
in many Western countries (37). In 2012, an estimated 52,000 individuals (41,000 men

and 11,000 women) developed EAC worldwide, resulting in a global incidence rate of

13
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0.7 per 100,000 person-years (1.1 in men and 0.3 in women). Most patients (53%) were
from Europe, Northern America, or Oceania (38). The incidence rate of EAC has
surpassed that of ESCC in several Western countries, including the United Kingdom
(UK), the Netherlands, Ireland, New Zealand, the United States of America (USA),
Australia, Denmark, Canada, and Sweden (38, 39). According to recent projections, the
incidence of EAC is set out to continue to increase, so that EAC is expected to become
the predominant type of EC in a growing number of high-income and very high-
income countries (40). EAC is characterized by a striking male predominance, probably

reflecting differences in the prevalence of risk factors (41).

These trends have largely been attributed to increase levels of abdominal obesity,
amajor cause of gastro-esophageal reflux disease (GERD), and Barrett’s esophagus (BE)
(42, 43). GERD was first established as a risk factor for EAC in the late 1990s and later
confirmed in population-based studies (with this association being stronger in adults
younger than 50 years) (44, 45). According to the European Society of Gastrointestinal
Endoscopy (ESGE) guidelines, individuals with BE and long-term GERD and additional
risk factors should be screened by EGD for dysplastic BE or early-stage EAC (46).
Nevertheless, EACs are missed in a large proportion of patients with BE because 40%
do not report GERD symptoms (47). Regarding other factors, tobacco smoking is a
well-established and moderately strong risk factor for EAC (48). By contrast, a recent
pooled analysis from the International Barrett's Esophagus and Esophageal
Adenocarcinoma Consortium confirmed no association between alcohol intake and
an increased risk of EAC (49). At the same time, Helicobacter pylori (Hp) infection may
reduce the risk of EAC due to lower acid production (50, 51). Meta-analyses of
observational studies have reported a 40%- 60% reduced risk of EAC associated with
Hp (52, 53). However, eradication of Hp does not seem to pose an increased risk for
EAC, as suggested by a recent Nordic study (54). Nevertheless, further data are
necessary in order to evaluate the generalizability of this study to different geographic

and socioeconomic backgrounds (55).

Precursor lesions and histopathological characterization
BE is the sole known precursor to the development of EAC and is characterized by

changes of the distal esophagus to specialized columnar epithelium with intestinal
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metaplasia (IM) (56). BE has been an area of controversy and its definition and practice
have varied along time and across the world (57). As examples, (i) the ESGE, American
Society for Gastrointestinal Endoscopy, and the American College of Gastroenterology
define BE as IM lining in the distal esophagus with a minimum length of 1 cm, (ii) the
American Gastroenterology Association defines it as any extent of IM, and (iii) the
British Society of Gastroenterology as any columnar metaplasia (fundic type, cardiac
type, and intestinal type) lining in the distal esophagus with a minimum length of 1

cm (46, 58-60).

BE progresses to EAC in a stepwise manner, transitioning from nondysplastic BE to
LGD, HGD and EAC. The development of EAC is driven through progressive
accumulation of genetic abnormalities such as mutational inactivation of CDKN2A and

TP53 genes, cell cycle abnormalities and aneuploidy (61).

Current guidelines require the confirmation of any dysplasia in BE by a second
expert pathologist (46). This is especially important in the case of BE with LGD, whereby
considerable inter-observer variability exists (62). While BE without dysplasia may
benefit from endoscopic surveillance, therapy for the eradication of BE is appropriate

in the presence of confirmed dysplasia or early EAC (46).

3.1.2 Gastric neoplasia

GC is a leading cause of global mortality (63). Worldwide, in 2022, 968,784
individuals were diagnosed and 660,175 died from GC, making GC the sixth-most
common cancer and the seventh-leading cause of cancer-related death (3). There is
marked worldwide variability in the incidence of GC (3, 63). Such incidence is highest
in East Asia, Central Asia, and Latin America [age-standardized rates (ASR) >15 per
100,000 person-years] and lowest in eastern sub-Saharan Africa, the USA, Canada,
Western Europe, Australia, and New Zealand (ASR <6 per 100,000 person-years).
Nevertheless, it is important to note that, even within regions, significant
heterogeneity in incidence can occur. Furthermore, it is important not to forget that
even in countries with a relatively low incidence and mortality, the burden is typically
higher among the most vulnerable populations, such as immigrants from not only

high but also low-risk incidence regions (64).
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In the European Union, while the incidence and mortality of GC are relatively low
(6.5 and 4.1 per 100,000, respectively), substantial differences exist between countries.
In fact, the burden of GC is particularly high in Portugal and the Baltic countries (65).
Portugal is a paradigmatic example of a country that does not follow the
epidemiological trends of its region, as it is a country with intermediate incidence of
GC (defined as an ASR between 10-20 per 100,000 person-years). The current
Portuguese ASR is of 12.8 per 100,000, being the highest among Western European
countries (3). The incidence of GC is particularly high in the Northern Portugal, with a
verified ASR between 25 and 30/100,000 (66). The reasons for this unexpectedly high
incidence have not previously been elucidated but are most likely multifactorial, with
a combination of genetic factors, familial aggregation, dietary habits (namely the high
consumption of salted and smoked meat) and a high prevalence of Hp infection (67).
Nevertheless, these results also show a large potential for a decrease in the burden of
GC in Portugal, namely through primary prevention measures and adoption of
screening strategies. In fact, a recent study by Libanio D et al showed that between
2007-2016, in Northern Portugal, the ASR decreased by 4.5%, while its mortality
reduced 30.9% (66). Interestingly, in this period, the proportion of cases detected at a
T1 stage increased by 5.9 percent points, the 1-year net survival increased from 57.2%
to 60.6%, and the 5-year net survival increased from 33.8% to 38.3%. In Portugal, co-
payment for colonoscopy sedation was introduced in 2010. The increase in the number
of EGDs performed accompanied the rise in colonoscopies, supporting the hypothesis
that greater availability of EGDs contributed to the increased detection of T1 cancers

in the country.

The incidence and mortality from GC are typically decreasing across the globe, with
this trend being mainly attributable to a decline in non-cardia GC (68, 69). At the same
time, owing to changing patterns of the populations (namely advancing age), the
absolute number of GC cases and deaths are expected to increase. If the current trends
continue, a 62% rise in the number of cases within a 20-year period is expected (70).
Data from the Global Cancer Observatory (GLOBOCAN, 2022) showed that, in Europe,
the number of new GC cases has been estimated to increase from 136,000 in 2022 to
174,000 in 2050, and GC-related deaths from 95,400 to 128,000, respectively (3). It is

important to note that countries with a higher GC-related mortality rate also tend to
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be those with a higher incidence (10). However, Japan and South Korea are notable
exceptions, due to structured, nationwide GC screening programs. In fact, GC 5-year
survival in Japan and South Korea exceeds 60%, while in the rest of the world
(including in North America and Western Europe) it does not surpass 35% (12). This
situation can be explained by diagnosis of the disease at a relatively late stage,
therefore indicating the importance of prevention and screening. Previous studies
reported that the mortality might be reduced by 40%, with early detection by means
of screening (71). Surprisingly, until a few years ago, the need for screening of GC has
not been prioritized in the Western setting (including Europe) because of declining

incidence and mortality indicators (65).

Typically, two subsites of GC can be distinguished: (i) cardia GC or proximal GC, and
(ii) non-cardia GC or distal GC. Whereas cardia GC arises in the proximal stomach, non-
cardia GC cancers occur in more distal regions of the stomach. Gastric carcinogenesis
is a multistep and multifactorial process and is the result of the complex interplay
between genetic susceptibility and environmental factors (72). While obesity has been
associated with cardia GC, Hp infection remains the main causal risk factor for GC,
being responsible for 90% of all non-cardia GC and 20% of all GCin 2018 (73). Of note,
while approximately half of the world’s population is infected with Hp, only a small
fraction will end up developing GC, suggesting that other environmental or host-
related factors may contribute to cancer development (74). These include (i)
autoimmune gastritis (75); (ii) Epstein-Barr virus infection (76); (iii) microbial
community modifications by long-term use of proton-pomp inhibitors (77); (iv)
smoking; (v) diets rich in salt/salt-preserved foods; and (vi) consumption of red and
processed meat (78-81). In opposition, dietary fruit and vegetable intake and the
consumption of nonsteroidal anti-inflammatory drugs were shown to be associated

with a decreased risk of non-cardia GC (82, 83).

Most GC cases are sporadic, but familial aggregation is estimated to occur in
approximately 10% of cases (84). Nevertheless, it is estimated that only up to 3% of
worldwide GCs are truly hereditary, with three main syndromes occurring primarily in
the stomach: (i) hereditary diffuse gastric cancer; (ii) gastric adenocarcinoma and (jii)
proximal polyposis of the stomach, and familial intestinal gastric cancer (63, 84). Other

hereditary cancer syndromes, including Lynch syndrome, familial adenomatous
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polyposis (FAP) and Peutz-Jeghers syndrome have been associated with increased GC

risk (85).

Precursor lesions and histopathological characterization

Several precancerous conditions have previously been recognized, such as chronic
atrophic gastritis and IM, peptic ulcer disease, gastric stump after partial gastrectomy
and gastric polyps. The typical mechanism of intestinal type cancer development,
described by Pelayo Correa in 1988, is a multistep process which involves, in most
cases, a progression from normal mucosa through chronic gastritis (chronic
inflammation of the gastric mucosa), mucosal atrophy (loss of gastric glands) and IM
(substitution of gastric epithelium by intestinal epithelium) to dysplasia and carcinoma
(86). An overview of the Correa cascade, along with the possibilities for prevention and

screening of GC is highlighted in Figure 3.

Figure 3. Overview of the Correa cascade.
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According to this model, long standing inflammation is the primary pathogenic
factor leading to GC development. The annual progression rate from IM to GC is
estimated to be 0.1% per year, with the topographical extent of IM and the degree of

incomplete-type IM being reliable indicators of GC risk (87, 88). Several classification
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systems for chronic gastritis have been developed, including the Sydney classification
system (89), the Operative Link on Gastritis Assessment (OLGA) (90), and the Operative
Link on Gastric Intestinal Metaplasia Assessment (OLGIM) (91). These systems have
emerged as key tools in assessing the severity and extent of these mucosal changes
and predictors for cancer risk (92). More recently, Pimentel-Nunes P et al proposed an
Endoscopic Grading of Gastric Intestinal Metaplasia system, using virtual
chromoendoscopy with NBI, which possibly allows a better staging of gastritis than
histology alone since it takes into account a complete assessment of the gastric
mucosa (93). This score has been further validated in the Western and Asian settings
and may be an additional tool in the personalized management of gastric

precancerous conditions (94, 95).

Gastric dysplasia is defined as unequivocal neoplastic changes in the gastric
epithelium, without evidence of lamina propria invasion. The diagnostic criteria are
based on the presence of cellular atypia, abnormal differentiation, architectural
disorganization and increased mitotic activity. Gastric dysplasia can be graded as LGD

or HGD (72) (Fig. 4).

Figure 4. Gastric lesion evaluated in white-light, dye chromoendoscopy with indigo carmine and
virtual chromoendoscopy. Histopathological examination after ESD revealed HGD, with free lateral
margins.

Author’s own images.

On the contrary, gastric adenocarcinoma is a malignant epithelial neoplasm with
glandular differentiation arising from the gastric mucosa. It represents a biologically
heterogeneous group of tumors with respect to etiology, histogenesis, morphology,
and molecular features. Early GC (EGC) is defined as a carcinoma limited to the mucosa
or to the mucosa and submucosa, regardless of tumor size or the presence of lymph-

node metastases (LNM) (96).
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GC is very heterogenous from the morphological standpoint, and intratumor
heterogeneity may also be evident (i.e. the coexistence of different morphological
components within the same tumor) (97). Some of the histological classifications that
have been proposed include those of Laurén (1965) (98), Nakamura (1968) (99),
Carneiro (1995) (100), the WHO (2010) (20), and the Japanese Gastric Cancer
Association (2011), which is mainly used by Asian pathologists (96). Noteworthily,
Western and Asian pathologists with expertise on GC have made the effort of
recognizing the similarities of different classification systems and proposed, in the last
version of the Japanese Gastric Cancer Association and the WHO classifications, the
publication of a comprehensive table showing corresponding entities. This highlights
the effort for greater reproducibility and applicability of findings and studies between

Western and Asian centers.

Besides morphological heterogeneity, multiple gene mutations, epigenetic and
transcriptional changes have been detected in GC, highlighting its molecular
heterogeneity (72). The landmark study of GC molecular-based stratification was
carried out by The Cancer Genome Atlas research network, which defines four
molecular subtypes: (i) Epstein-Barr virus-associated GG; (ii) microsatellite instability-
high GG; (iii) genomically stable GC and (iv) GC with chromosomal instability (101). This
classification has prognostic significance and may show predictive value in the
response to conventional chemotherapy, as well as targeted therapies, being a prime
example on the potential value of precision medicine in the therapeutic management

of Gl neoplasias (102).

3.1.3 Duodenal neoplasia

Superficial nonampullary duodenal epithelial tumors (SNADETs) are rare, with an
estimated prevalence of 0.3% to 4.6% in patients referred to EGD (103-105).
Nevertheless, in recent years, advances in endoscopic imaging devices and
techniques, in association with an increased awareness among endoscopists, have led

to an increased detection of these lesions (7, 106, 107).
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SNADETs are defined as lesions that are limited to the mucosa or submucosa, and
include adenomas and adenocarcinomas (108); most are located in the descending

part of the duodenum (109, 110).

In contrast to ampullary tumors, duodenal adenomas are less often sporadic, being
associated in 60% of cases with FAP (111). Another predisposing genetic syndrome is
MUTYH-associated polyposis (112). Several other independent risk factors for sporadic
SNADETs were identified in a recent study and may raise awareness to the cases in
which a careful endoscopic examination of the whole duodenum must be carried out.
These include current smoking, BE, fundic gland polyps and history of other Gl
malignant diseases (namely CRC and GC) (113). Hp infection has previously been
identified as a risk factor for SNADETSs, although the association between SNADETs and
GC remains controversial (114). Finally, a meta-analysis and a recent case-control study
have suggested an association between sporadic duodenal adenomas and colorectal
adenomas (115, 116). Therefore, the ESGE recommends that all cases with duodenal

adenomas should undergo colonoscopy (117).

Most SNADETs are diagnosed incidentally during an EGD, with an initial
histopathological finding of LGD. Nonetheless, these lesions may progress to
adenocarcinoma, which is associated with a poor prognosis (118-120). Taking this into
account, all duodenal adenomas should be considered for ER, as progression to

invasive carcinoma is highly likely in the long-term follow-up (117).

Precursor lesions and histopathological characterization

Both duodenal adenomas in FAP and sporadic SNADETs have the potential to
progress to carcinomas based on the adenoma-carcinoma sequence theory, similar to
colonic adenomas (118, 121-123). HGD diagnosis at first biopsy and a lesion diameter
>20 mm are significant predictive factors for progression to adenocarcinoma (118).
The progression from adenoma to adenocarcinoma may have two different pathways
(124). In the first, intestinal-type lesions follow the adenoma-carcinoma sequence. The
second pathway involves progression of a de novo gastric type, including gastric
foveolar-type or pyloric gland adenoma. This pathway is independent of the usual
Wnt/B-catenin pathway and is associated with gastric duodenal metaplasia in

duodenal bulb. The gastric-type lesion is more frequently diagnosed as carcinoma,
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with an associated poorer prognosis (125). The intestinal-type progression is
associated with adenomas with intestinal-type (adenomatous) dysplasia, most of
which are located in the second part of the duodenum and are the most common form
of presentation. Serrated lesions, with features reminiscent of colorectal traditional
serrated adenomas, are also identifiable and are frequently associated with dysplasia

or adenocarcinoma (126).

3.2. Current strategies to reduce the burden
of upper gastrointestinal neoplasia

When detected at an advanced stage, upper Gl neoplasia display a pronounced
epidemiological impact, clinical burden and dismal prognosis. Therefore, serious
efforts are ongoing to reduce the incidence and improve prognosis of these neoplasia,
either by earlier detection or by improving the therapeutic management after the

diagnosis.

3.2.1 Primary prevention measures

The primary mean of prevention for upper Gl neoplasia is the elimination of
identified risk factors. Regarding EC, GC and, to some extent, duodenal cancer, this
includes well-known measures such as: (i) tobacco and alcohol abstinence; (ii)
avoidance of hot beverages, salted meat, and processed foods; (iii) high fruit and

vegetable intake; (iv) regular physical activity and (v) obesity treatment (127-129).

In the particular case of GC, several studies tried to evaluate the protective effect of
Hp eradication therapy in GC incidence. A recent meta-analysis evaluated the effect of
eradication therapy on subsequent occurrence of GC in healthy Hp-positive adults
(130). A 46% reduced risk of subsequent GC after eradication therapy was observed,
with no statistical heterogeneity detected despite considerable variations in the
treatments administered. Reduced GC-related mortality — but not all-cause mortality -
was also observed (relative risk=0.61). This systematic review also included three
randomized controlled trials that evaluated the association of Hp eradication therapy

on subsequent GC incidence among individuals with EGC and found a combined 51%
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reduced risk (131-133). All these trials were performed in high-risk countries and many
questions remain about the applicability and cost-effectiveness of these strategies in
lower-incidence countries. The recent Maastricht VI/Florence consensus report states
that a population-based Hp test and treat program (with massive Hp eradication) is
cost-effective in populations with intermediate or high incidence of GC (134).
Nevertheless, it is important to note that some retrospective studies suggest a
protective effect of Hp eradication even in countries of low incidence of GC, such as

the USA (135, 136).

3.2.2 Endoscopic screening

Most of upper Gl cancers are preceded by slowly progressing precancerous
conditions or lesions, providing opportunities for effective interventions. The use of
endoscopic techniques in the Gl tract allows not only for early detection and minimally
invasive therapeutic management of neoplasias but also for long-term surveillance (4).
Nevertheless, the distinct geographic disparities in the incidence of the different types
of upper Gl neoplasia may have a significant impact in the development of effective
screening strategies. Tailoring screening methods to align with the predominant
histological subtype in a specific population or region is critical for enhancing cost-

effectiveness and early detection efficacy (137).

Esophageal squamous-cell carcinoma

A landmark study by Wei WQ et al, involving 3319 volunteers from a region with a
high ESCC incidence in China, showed that the cumulative incidence and mortality
rate of ESCC were significantly lower in the group that underwent one-time
endoscopic screening (138). Other retrospective studies have demonstrated a
significant cancer-survival benefit in patients living in high-risk regions in China
undergoing endoscopic screening compared with controls, with economic analyses
using Markov modeling suggesting that this approach is cost-effective (139-141).
These results suggest that endoscopic screening and subsequent interventions can
significantly diminish the incidence and mortality of EC. Remarkably, early detection

of EC might also occur as a byproduct of screening for GC, as observed in Korea and
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Japan. In these countries, the mortality rates for EC are much lower than in other
countries with similar incidence (142). These findings probably reflect the long-
standing national endoscopic screening programs for GC that are available in these

countries, in association with heightened public awareness.

In lower incidence countries, the harms and risks of ESSC screening would surpass
its benefits, so that a population screening program is not recommended (143, 144).
The ESGE currently recommends endoscopic screening in small subgroups of patients
at very high risk, such as: patients with (i) previous or concomitant diagnosis of head
and neck neoplasia (HNN) (145); (ii) achalasia (146, 147); (iii) previous RT for breast
cancer; (iv) previous caustic injury of the esophagus; (v) tylosis (148). Nevertheless,
many questions remain regarding the specific timing to start screening, surveillance
intervals and whether screening is cost-effective. Therefore, at the present time,
organized screening for ESCC is not an option even in high-risk individuals in most

European countries (4).

Esophageal adenocarcinoma

American and European Societies have independently published guidelines to
select candidates for BE and EAC screening, mostly relying on demographic and
clinical characteristics commonly found in patients with BE (4, 58, 149-151). Screening
in the general population is not recommended due to the relatively low risk and lack
of cost-effectiveness (152). Therefore, screening should be considered in high-risk
individuals, such as in those with long-standing GERD symptoms (i.e. > 5 years) and
multiple risk factors (age > 50 years, white race, male sex, obesity, first-degree relative

with BE or EAC) until the age of 75, if no dysplasia is found (4).

Nevertheless, most cases of EAC (>90%) continue to be diagnosed after the onset
of alarm symptoms (47). Additionally, the low annual rate of progression from BE to
EAC (0.1-0.5% per year) raises questions about the cost-effectiveness and impact of
surveillance for incidental neoplasia (153). Nevertheless, in most countries, patients
with BE are managed with endoscopic surveillance at regular intervals, since invasive

EAC has a high lethality and treatment-associated morbidity. In all Western guidelines,
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the surveillance intervals are based on the extent of BE and the diagnosis and degree

of neoplastic lesions (46, 60).

Interestingly, in close relation to the slow rate of neoplastic progression, previous
studies suggested that most patients with BE will die due to non-EAC related causes
(154, 155). Therefore, evidence to show that BE screening and surveillance is not only
cost-effective but also effective in reducing EAC-mortality is challenging to generate;
a large prospective randomized controlled trial (BOSS trial) recently showed that
surveillance did not improve overall survival or cancer-specific survival, as compared
to ‘at need’ endoscopy; according to the authors, the later approach may potentially

be a safe alternative for low-risk patients (156).

Gastric cancer

Currently, screening for GC is only performed in countries with a high disease
incidence, defined as an ASR >20 per 100,000, such as Japan or South Korea (4). Both
these countries have structured national screening programs for GC. Considering the
growing evidence, the Japanese national guidelines currently recommend either EGD
or radiographic screening on a biennial basis, beginning at age of 50 years, with no
definite stopping age (157). Regarding South Korea, GC screening began in 2002 and
guidelines recommend a biennial EGD between 40-75 years (158). In fact, the
implementation of GC screening in these countries led to an increase in the diagnosis

of EGC, lower GC-related mortality, and higher 5-year survival (159, 160).

Detection of GC at early stages is associated with an overall 5- year survival rate of
85-90%. However, populational-based GC screening programs are rare in Western
countries, mainly due to concerns of low adherence, limited efficacy and questionable
cost-effectiveness. Nevertheless, while endoscopic screening for the entire population
is not recommended in low-risk regions (ASR <10 per 100,000) (161), in intermediate-
risk regions such as Portugal, EGD may play a role in primary screening, depending on
local settings, the availability of endoscopic resources and evidence of cost-

effectiveness (4).

A recent study by Areia et al proposed to perform a screening EGD concurrently

with the initial screening colonoscopy for CRC in the Western setting (162). In a cost-
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utility analysis study based on a Markov model, the authors compared three screening
strategies and concluded that endoscopic GC screening was cost-effective if combined
with a colonoscopy. This study suggests that, in Europe, if a CRC screening program is
already in place, all countries with an intermediate incidence of GC might benefit by

providing a screening EGD in conjunction with colonoscopy for their populations (4).

On the other hand, particularly in low-incidence regions, such as the USA and many
European countries, identifying individuals with precancerous lesions and ensuring
appropriate surveillance may represent a viable strategy by to improve EGC detection
and management (63). The second European guideline on the Management of
Epithelial Precancerous Conditions and Lesions in the Stomach (MAPS Il) was
published in 2019 and stratified individuals based on histologic extent and severity of
gastritis, family history, and Hp status (163). More specifically, MAPS Il recommends
surveillance every 3-years for individuals with advanced atrophic gastritis/IM (both in
antrum and corpus) or any grade of IM in the presence of risk factors such as family
history of GC, incomplete IM and persistent Hp infection; in patients with advanced
atrophic gastritis/IM and a family history of GC, a more intensive endoscopic follow-up
is advocated (every 1 to 2 years). A previous study confirmed the cost-utility of this
approach in Portugal (164). Nevertheless, many question remain about the optimal
surveillance interval for gastric precancerous lesions, with both the current American
Gastroenterology Association (75, 165) and ESGE guidelines (163) basing their
recommendations on expert opinions or modeling studies. Although Asian studies
suggest that screening intervals less than 3 years can be associated with an increased
diagnosis of EGC, the applicability of these results in the Western setting is still
unknown (166-169).

To make a further progress in reducing GC morbidity and mortality, risk
stratification among selected asymptomatic individuals has previously been
highlighted as a key area of future focus (63). Although Japan and South Korea are the
most prominent examples of national screening programs targeting the
asymptomatic general population, smaller-scale screening programs may be applied,
particularly in the context of “opportunistic” screening in subgroups of patients that
undergo EGD for other reasons. For example, as previously described, patients with

HNN may have an increased risk of not only EC but also GC due to shared risk factors
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(170) and may represent a specific group of patients that may benefit from an
endoscopic screening program. Another subgroup of patients that may benefit by
“opportunistic” screening for GC is those with compensated advanced chronic liver
disease (cACLD). Previous studies suggested that these patients may have an increased
risk of GC, especially those with hepatitis B virus infection and alcoholic liver disease
(ALD) (171-176). All patients with cACLD were previously indicated to be screened for
gastroesophageal varices (GOEV), primarily using EGD (177). More recently, the
Baveno VI and the Baveno VII guidelines sought to identify patients who could safely
avoid screening with EGD because of reduced risk of having GOEV (178, 179).
According to these recommendations, only patients with liver stiffness measurement
by transient elastography >20 kPa and platelet count <150 x109/L should undergo
EGD. Over the years, several studies have confirmed the value of the criteria proposed
by the Baveno guidelines in predicting GOEV (180-182), but the possible impact of

these guidelines in missing GC cases in cACLD patients has not been yet addressed.

3.3. Treatment and outcomes
after endoscopic resection

Endoscopic resection (ER) is nowadays the treatment of choice for most early Gl
malignancies with no or limited submucosal invasion and no additional risk factors for
LNM (183-185). Nevertheless, ensuring endoscopic and histological completeness of
ER is of paramount importance to accurately identify patients who can be referred for
close surveillance and those who would benefit from additional treatments (i.e.

surgery with lymphadenectomy, chemotherapy, RT).

Endoscopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD)
are the mainstays endoscopic treatments for early Gl lesions. However, EMR is
unsuitable for en-bloc resection of lesions >20 mm or non-lifting lesions. On the other
hand, especially when used in a piecemeal fashion, EMR may hinder optimal
histological examination of early Gl cancers, especially regarding R status, and may be
associated with a higher rate of residual lesion and recurrence. This may significantly
impact patients’ prognosis, potentially leading to unnecessary additional

interventions (185). Recently, underwater EMR (U-EMR), first described by Professor

27



28

INTRODUCTION

Kenneth Binmoeller, has emerged as a potential alternative to conventional EMR (C-
EMR). This technique aims to overcome some of the limitations of C-EMR, particularly
in the treatment of SNADETs, by potentially allowing en-bloc resection of larger lesions,

while maintaining a similar rate of adverse events (AEs) (186).

However, it was the introduction of ESD in Japan in the 90’s for the treatment of EGC
that revolutionized the endoscopic management of early Gl neoplasia (187-190). ESD
enables en-bloc resection regardless of lesion size, allowing precise histopathological
evaluation and accurate assessment of the risk of LNM. Nevertheless, it is technically
demanding and associated with a higher risk of AEs compared with EMR (185). In the
two decades following its introduction, ESD became the treatment of choice for EGC
in Japan and other Asian countries. In these settings, national consensus guidelines
were carefully designed and established within an evidence-based risk stratification
framework (191, 192). Accumulating evidence on the success of ESD in the treatment
of EGC emerged, being associated with lower procedural time, risk of AEs and costs,
and with better health-related quality of life, as compared with gastrectomy and
lymphadenectomy (184, 193-197). This led to its use in other parts of the GI tract,
including the esophagus, colon, rectum and duodenum. Despite the different
epidemiological context, ESD progressively gained more attention in Europe, Australia
and North America. Further effort is being made particularly regarding training and
development of new devices (i.e. traction devices) that can make the procedure easier,
faster and more effective, with the ultimate goal to achieve results comparable with
Asian endoscopists (198-203). With increasing experience, ESD was proven to be safe
and effective for the treatment of EGC in high-volume Western centers with en-bloc
and RO resection rates of >95% and 85%, respectively (204-207); this eventually led to
its inclusion in the current Western guidelines for treatment of early Gl neoplasias (184,

208, 209).

As ER of early GI malignancies became more popular, the focus was shifted toward
the indications and the criteria for a curative local resection of invasive Gl neoplasias
(183). When facing the undesired outcome of a non-curative (NC) resection, physicians
and patients must decide whether further treatment is required. For adequate
decision-making, an accurate estimation of the risk of parietal recurrence and LNM,

according to the adverse prognostic factors, is paramount and needs to be balanced
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with surgical risk, patient’s physical status and preference. Indeed, for some patients
(e.g. advanced age and severe comorbidities), the recurrence risk may be lower than
the surgical risk and surveillance may be an option, (with similar disease-specific

survival) between surveillance and surgery (210-218).

3.3.1 Esophageal squamous-cell carcinoma

Treatment

Current ESGE guidelines recommend ESD as the treatment of choice for early ESCC
(184) (Fig. 5). Lesions limited to the epithelium (m1) or the lamina propria (m2)
represent absolute indications for ER, with a 5-year disease-specific survival and 5-year
overall survival (OS) of 98-100% and 85-95%, respectively (219). Compared with EMR,
ESD is associated with higher en-bloc and curative resection rate and a lower local
recurrence rate (220). Compared with surgery, a recent systematic review and meta-
analysis showed that there was no significant differences between ESD and
esophagectomy regarding OS, disease-specific survival and recurrence-free survival,
with ESD being associated with fewer AEs (221). Therefore, ESD is recommended as

first-line therapy for selected T1 lesions.

It is important to note that two issues remain under debate regarding T1 ESCC. The
first concerns lesions that have preoperatively been clinically staged as cT1a-m3/T1b-
sm1 (NOMO) and the second regarding circumferential clinically staged T1a-m1/m2
ESCC. The ESGE suggests that ESD can be considered in these particular cases.
Regarding the latter, a recent multicenter study by Rodriguez de Santiago E et al
assessed the outcomes of circumferential ESD for early ESCC in the Western setting and
showed that, although feasible, the resection was curative in only approximately half

of the lesions (222). These results highlight the need to improve selection for ER.
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Figure 5. Example of an ESD performed for an esophageal SCC

a. white-light; b. narrow band imaging; c. lugol staining; d. submucosal dissection; e. final eschar, after
circumferential dissection; f. cylinder of ESD specimen; g. fixation of the specimen in a cork plate.

Used with permission from: Santos-Antunes J.
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Outcomes after endoscopic resection

ESGE guidelines suggest that an en-bloc RO resection of an m3 or sm1 ESCC that is
well to moderately differentiated and with no lymphovascular invasion, should be
considered a low risk (curative) resection and no further treatment is generally
recommended (184). This contrasts with the Japanese practice guidelines, which
recommend additional treatment for all lesions with submucosal invasion, regardless
of the presence of lymphovascular invasion (223), despite insufficient evidence to fully
support this approach (224). In fact, in a recent retrospective Chinese study, no single
patient with m3/sm1 cancer, high tumor differentiation, no lymphovascular invasion,
and tumor length < 20 mm had LNM (225). Nevertheless, in lesions >20 mm there is a
real risk of LNM and the risk for further therapy should be balanced against the risk of
LNM after complete stating and multidisciplinary discussion (184). In these cases,

complementary RT or chemoradiotherapy may be considered.

In the case of patients meeting high risk criteria (NC resection) such as deeper (>
200 pm) invasion into the submucosa or lymphovascular invasion, surgery should be
the preferred approach for young fit patients, given the better OS as compared with
other approaches (218). It is important to note that currently there is no evaluation
system for NC esophageal ESD, contrarily to what happens for gastric lesions (see
below) (191). Considering the significant morbimortality associated with esophageal
surgery, the design and validation of a tool to evaluate the risk of LNM and residual
cancer after NC esophageal ESD may be helpful for selecting patients who are more
likely to benefit from additional therapies and avoiding unnecessary salvage surgery

(226).

3.3.2 Esophageal adenocarcinoma

Treatment

Contrarily to ESCC, for BE-associated lesions, the ESGE recommends using EMR for
< 20 mm visible lesions with low probability of submucosal invasion. This
recommendation is based on a recent randomized controlled trial that found no

significant differences between EMR and ESD in terms of the need for surgery,
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neoplasia remission, or recurrence (227). ESD should be preferred for lesions suspicious
for submucosal invasion, malignant lesions >20 mm or for lesions in scarred/fibrotic
areas (228). In these cases, compared with surgery, ESD appears to be as effective but

with a better safety profile and overall quality of life (229-231).

Outcomes after endoscopic resection

The decision between (i) close surveillance after ER of a T1 EAC or (ii) referral for
additional surgery is guided by the assumed risk of LNM (232). This risk is based on the
presence of histological high-risk factors in the ER specimen (233). The distinction
between low-risk T1 EAC and high-risk T1 EAC usually drives the decision for additional
esophagectomy with lymphadenectomy. These high-risk features include submucosal
invasion, poorly or undifferentiated cancer, and/or presence of lymphovascular
invasion. The presence of at least one of these high-risk criteria increases the risk for

LNM and may negatively impact survival of patients (217, 234, 235).

Interestingly, the risk of LNM in high-risk lesions appears to be lower than previously
assumed and may result in overtreatment for the majority of patients (233). The last
ESGE guidelines on BE state that even in high-risk TTb EAC (submucosal invasion >500
pum and/or lymphovascular invasion and/or poor differentiation), consideration for
additional treatments (chemotherapy, RT, surgery) or strict endoscopic follow-up
could be undertaken on an individual basis (guided by patient characteristics and
individual risk), after multidisciplinary discussion (46). The ongoing multicenter
prospective PREFER trial (NCT03222635) aims to evaluate the safety of a watchful
waiting approach instead of surgery in patients after ER of high-risk T1 EAC without
signs of metastasis at baseline (NOMO). Interim results showed LNM in 6 out of 120
patients (5%), with all being still eligible for curative treatment (236). These promising
results suggest that a watchful waiting strategy after ER of high-risk T1 EAC might

prevent patients from undergoing more invasive but unnecessary treatments.
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3.3.3 Gastric neoplasia

Treatment

As previously stated, ESD is the first-line treatment for EGC with a low risk of LNM
(<1%). When compared to surgery, ESD is associated with similar long-term outcomes

and lower risk of AEs (184, 237).

The selection of patients for ESD is based on the lesion size, presence of ulceration,
morphology and other specific histological parameters. The Japanese guidelines (192,
238) define as absolute indications for ER: (i) dysplastic lesions regardless of size; (ii)
non-ulcerated differentiated intramucosal (cT1a) lesions of any size or <30 mm if
ulcerated; and (iii) undifferentiated cT1a lesions with <20 mm without ulcerative
findings. The ESGE guidelines also consider the first two criteria as absolute indications
for ER; however, the third criteria is considered an expanded indication (defined as a
lesion presumed to have a 1-3% risk of LNM) (184). Interestingly, the American
Gastroenterology Association guidelines, in parallel with Japanese recommendations,
have defined even stricter absolute criteria for ER, including in this group only non-
ulcerated differentiated cT1a lesions with <20 mm (209). An overview of indications

for gastric ESD from different guidelines can be seen in Table 1.

Table 1. Clinical staging: absolute and expanded indications for endoscopic resection according to
European, Japanese, and American guidelines.

GUIDELINES
European Japanese  American

TYPE OF LESION

Dysplasia, any size

cT1a, differentiated, non-ulcerated, <20 mm

cT1a, differentiated, non-ulcerated, >20 mm

cT1a, differentiated, ulcerated, <30 mm

cT1a, undifferentiated, non-ulcerated, <20 mm

eCuraC1 recurring cT1a lesions

cT1b, differentiated, submucosally invasive (<500 um)
En-bloc resected lesions at risk
for submucosally invasive cancer

Adenocarcinoma

Absolute indication
Expanded indication

cT1a: adenocarcinoma clinically staged as intramucosal
cT1b: adenocarcinoma clinically staged as submucosal

Adapted and used with permission from: Cunha Neves JA et al. Curative criteria for endoscopic
treatment of gastric cancer. Best Pract Res Clin Gastroenterol. 2024 Feb;68:101884.
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Outcomes after endoscopic resection

To define the management after ER, histopathological assessment of the specimen
is required to classify the resection as curative or NC. Although endoscopic evaluation
is the most accurate method to predict curability, up to 20% of ESDs are considered
NC after the evaluation of the resected specimen; nevertheless, the risk may be
minimal when certain conditions are met (239-241). Current ESGE guidelines (184)
recommend the use of the terminology “very-low risk resection” and “low-risk
resection” for those considered “curative”. Among NC-ESDs, local-risk resections are
those with a higher risk of having parietal residual lesion (in the ESD site), such as those
piecemeal-resected or with positive (benign) horizontal margin, without other risk
factors for LNM. High-risk resections are those with features indicative of a high risk for
LNM, warranting complementary treatment. These features include lymphatic
permeation, positive vertical margins, large (>3 cm) submucosal or ulcerated
intramucosal adenocarcinomas, large (>2 cm) undifferentiated carcinomas or lesions
with deep (>SM1) submucosal invasion. Post-resection management according to

ESGE guidelines is resumed in Fig. 6.
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Figure 6. Post-resection management according to the European ESD guidelines.

] Follow-up endosco
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Complete staging

OTHER LESIONS

SURGERY

HMO: negative horizontal margin; HMx: piecemeal resection; HM1: positive horizontal margin; LVO: no
lymphovascular invasion; pT1a: intramucosal adenocarcinoma; pT1b (SM1): adenocarcinoma with
superficial submucosal invasion (<500 um); ULO: non-ulcerated; UL1: ulcerated; VMO: negative vertical
margin.

Used with permission from: Cunha Neves JA et al. Curative criteria for endoscopic treatment of gastric
cancer. Best Pract Res Clin Gastroenterol. 2024 Feb;68:101884.

In order to identify NC resections that may require further surgical therapy, Hatta et
al designed the eCura score system, stratifying Asian patients based on the risk of LNM
(191). The eCura system evaluated five risk factors for the development of LNM and
weighted them according to the relative risk: 3 points for lymphatic permeation, and
1 point each for (i) lesion size >30 mm, (i) positive vertical margins, (iii) venous invasion
and (iv) submucosal invasion 0.5 mm. Patients were then further categorized in three
groups: low-risk group (0-1 point, 2.5% risk of LNM), intermediate-risk group (2-4
points, 6.7% risk) and high-risk group (5-7 points, 22.7% risk). This score was validated

in the Asian setting, where the high-risk category was found to display significantly
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higher risk of recurrence and LNM rates (242, 243). Nevertheless, to date no previous
studies have assessed the adequacy of this score in the Western setting, being unclear
whether there are additional prognostic variables that could be helpful in the

estimation of recurrence and LNM risk.

Although the risk of LNM is low or very low after a curative ER, there is a moderate
risk of metachronous lesions during follow up (10-20%) (244-246). A recent prediction
score (FAMISH) included six clinical predictors (scored 0-3): (i) positive family history of
GG, (ii) older age, (iii) male sex, (iv) corpus IM, (v) synchronous gastric lesions, and (vi)
persistent Hp infection (247). This score, already externally validated in the Asian
Setting (248), might be a useful tool to accurately identify patients with low-to-
intermediate risk for metachronous lesions at 3 years of follow-up, who could have

surveillance intervals extended to reduce the burden of care.

3.3.4 Duodenal neoplasia

Treatment

Despite being rarely diagnosed, 30% to 85% of SNADETs have the potential to
progress to malignancy, making their surgical or endoscopic removal mandatory (249).
Pancreaticoduodenectomy is the primary treatment for duodenal cancer but is
associated with significant morbidity and mortality (30-40% and 1-4% respectively)
and is considered too invasive for SNADETSs (7, 250). Therefore, ER has been established

as the main treatment modality.

It is important to note that ER in the duodenum is technically more difficult than its
execution in other organs owing to the poor maneuverability of the endoscope,
fibrous submucosal layer, rich vascularity and thin muscularis propria layer (7). These
features, together with the exposure to bile and pancreatic juice from the duodenal
papillae, increase the risk of immediate and delayed AEs (such as bleeding and

perforation), even when the treatment is completed safely (251).

Although current ESGE guidelines recommend cold-snare polypectomy for small

lesions <5 mm, C-EMR is recommended as the first-line ER technique for SNADETs,
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including large lesions >20 mm (117). In these lesions, despite a lower rate of en-bloc

resection and higher risk of recurrence, piecemeal C-EMR is an appropriate treatment.

More recently, potentially effective alternatives to C-EMR have emerged, trying to
overcome some of the limitations of C-EMR, namely the significant risk of AEs and

recurrence. These alternatives include (i) ESD; (ii) cold-snare EMR,; (iii) U-EMR (Fig. 7).

Figure 7. Overview of different endoscopic techniques in the management of SNADETs.

1. C-EMR; 2. U-EMR; 3. U-EMR after partial injection of the distal border.

Author’s own images.

U-EMR implies an antigravity floating effect of the mucosa and submucosa as a
result of saline/water immersion after air/CO2 suctioning, with a reduced risk of
muscular propria entrapment within the snare and thermal injury (7). Previous Asian
studies did not show differences in recurrence rates between U-EMR and C-EMR,
despite a higher en bloc resection rate and shorter procedure time for lesions <20 mm
in the former (252, 253). Nonetheless, the potential benefits and drawbacks of U-EMR

in the Western setting and for larger lesions >20 mm are yet to be evaluated.

Outcomes after endoscopic resection

ESGE recommends endoscopic surveillance 3 months after index treatment,

bearing in mind that most of the recurrences can be managed by ER (117). Further
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endoscopic follow-up should be done 1 year later. Subsequent surveillance intervals
should be the individualized to the lesion site, en bloc resection status and initial

histological result.
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4. Rationale

Gastrointestinal cancer burden may be affected by the changing trends of
preventable risk factors such as alcohol consumption, metabolic syndrome, infection
and dietary risk factors (254-256). The decline of EC, GC and biliary tract cancer, and
the higher decrease in mortality rates at a greater extent than incidence rates suggest
glimpses of cautious optimism for the efforts put into controlling risk factors. For
example, the decreasing trends of EC and GC (5, 257, 258) could be due to improved
food preservation and reduced prevalence of Hp (142, 259). While primary prevention
strategies are paramount, the evolving landscape of screening strategies for early
diagnosis and minimally invasive therapeutic management may also have a significant

effect on the global impact of these cancers.

Even though the majority of the Gl tract cancers arise sporadically, genetic factors
also play a significant role in their risk (260). Differences not only in the modifiable risk
factors and genetic background but also in the distribution of tumor subtypes across
populations have been found to partly explain the worldwide and even regional
differentials in the burden from Gl cancers; more particularly, wide variations between
Western and Asian populations are evident, especially for ECand GC (38, 261). This may
significantly impact on the applicability of the results and data from Asian centers to
Western populations and vice-versa. The encouraging result of declining incidence
rates of some types of Gl cancers should be interpreted with caution and there is a
need to take distinct geographical regions and socioeconomic development into
account when trying to address public health policies to tackle cancer. In particular,
lower sociodemographic index countries need to pay greater focus and commit
resources to address the rising trend of Gl cancers and its associated societal burden
(2). Therefore, a personalized and tailored approach is of paramount importance in the

holistic management of these conditions.

Regional differences in the incidence and burden of Gl tract cancers can also have
implications in the implementation of screening strategies and therapeutic
management. CRC is uniquely suited for screening programs compared with other Gl

cancers, since the detection and resection of its precursor lesions (adenomatous and
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serrated polyps) decreases the incidence and prevalence of CRC, with a consequent
reduction in mortality (4, 262). In fact, according to the European Union screening
report, most countries have implemented organized invitational screening programs
for CRC, primarily based on fecal immunochemical testing. In this context, ER is
established as the first-line modality in the therapeutic management of non-
malignant colorectal polyps and early-CRC (184, 208, 263). Regarding upper Gl
neoplasia, as previously stated, some Asian countries (such as Japan and Korea) have
structured, nationwide endoscopic screening programs for EC and GC, whose cost-
effectiveness has been demonstrated, given the high incidence of these cancers (157,
264-266). Consequently, these countries have been pioneers in the therapeutic
endoscopic and long-term management after ER of early upper Gl, being responsible
for technical and disruptive innovations such as ESD (267). Nevertheless, many
questions remain to be answered in the context of Western countries, namely: (i) the
efficacy and cost-effectiveness of screening for upper Gl neoplasia, given its
significantly lower incidence compared with Asian countries (and whether specific
subpopulations should be targeted); (ii) the applicability and safety of advanced ER
techniques, given their long-learning curve and significantly less experience of
Western endoscopists in lesion characterization and prediction of histology, as
compared with Asian endoscopists; (iii) the long-term management after ER of upper
Gl neoplasia, especially in the undesirable event of a NC resection, given the significant
differences in specimen handling and histopathological analysis between Western and
Asian centers, which could have a significant impact in the decision-making process

(239).

Taking all these factors into consideration, a research project was conducted by
addressing specific issues of our clinical practice, which currently lacks sufficient

evidence, regarding the diagnosis and management of upper Gl neoplasia.
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5. Aims

The main aim of this thesis was to present case studies on how to improve the

screening, diagnostic, therapeutic approach and long-term management of upper Gl

neoplasia in the Western setting. Four original research studies were designed taking

into consideration (i) previously identified research gaps in this field, and (ii) the

diversity of upper Gl neoplasias.

As specific aims, this thesis intended to:

1.

Evaluate the frequency of gastric neoplasia (GN) in patients with ACLD who
underwent endoscopic screening for GOEV and the miss-lesion rate if the Baveno

Vll-criteria had been strictly applied.

. Evaluate the clinical impact and cost-effectiveness of an endoscopic screening

program for EN in patients with HNN.

Compare the efficacy and outcomes of U-EMR compared with C-EMR for
SNADETs in the Western setting.

Validate and refine the eCura scoring system after a NC gastric ESD in the Western

setting.

As secondary aims, this thesis intended to:

1.

Evaluate the frequency of GN in a cohort of asymptomatic healthy individuals
who underwent screening EGD concurrently with colonoscopy performed for

CRC screening in a country of intermediate-high risk of GC.

. Perform a detailed histopathological characterization of GN in the cohort of

patients harboring ACLD, in order to identify potential etiopathogenic factors
(beyond the etiology of ACLD) that may contribute to the increased risk of GCin

this population.

. Evaluate the frequency of GN in patients with HNN undergoing endoscopic

screening.

Evaluate the potential contribution of viral-related pathogenesis for the co-

occurrence of gastro-esophageal neoplasia (GEN) in HNN patients.

. Evaluate risk factors for parietal residual lesion and LNM after a NC ESD for GN.
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Figure 8. Graphical overview of the thesis outline.

A. Endoscopic screening in cACLD patient for GOEV and GN; B. Screening for EN in patient with HNN;
C. Gastric ESD; D. U-EMR of a SNADET
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6. Results

6.1.Study 1

Higher frequency of gastric neoplasia in advanced chronic liver disease patients:
Impact of screening endoscopy in an intermediate-high risk country

6.2. Study 2

Cost-utility and clinical impact of endoscopic screening for esophageal
and gastric neoplasia in patients with head and neck neoplasms

6.3. Study 3

Underwater Endoscopic Mucosal Resection Vs Conventional Endoscopic
Mucosal Resection for Superficial Nonampullary Duodenal Epithelial Tumors
in the Western Setting

6.4. Study 4

Predicting residual neoplasia after a non-curative gastric ESD: validation and
modification of the eCura system in the Western setting: the W-eCura score
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Background: The Baveno VII guidelines were proposed to identify which patients could safely avoid
screening esophagogastroduodenoscopy (EGD) for gastroesophageal varices. We aimed to evaluate the
frequency of gastric neoplasia in compensated advanced chronic liver disease (cACLD) patients who un-
derwent EGD for screening of gastroesophageal varices (GOEV) compared to a healthy population.
Methods: Retrospective study that enrolled all cACLD patients who underwent EGD for GOEV screen-
ing (January 2008-June 2018) in a tertiary reference center. cACLD patients were compared with asymp-
tomatic healthy individuals who underwent EGD in a private hospital setting (April 2017-March 2018).
Results: We evaluated 1845 patients (481 cACLD patients, 1364 healthy individuals). A significantly higher
frequency of gastric neoplasia was observed in patients with cACLD compared to healthy individuals (4.0%
vs. 1.0 %; p < 0.001). Rare histopathological subtypes (WHO Classification) accounted for 28.7 % of gastric
carcinoma cases in the cACLD cohort. Seven cases of gastric neoplasia (36.8 % of gastric neoplasia cases
in the cACLD patients) were diagnosed in patients who, according to the Baveno VII criteria, would have
not been submitted to EGD.
Conclusion: We found an increased frequency of gastric neoplasia in patients with cACLD in comparison
with healthy individuals. In countries with intermediate-high risk for GC, continuing to perform EGD
could be beneficial.

© 2024 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.
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1. Introduction quently diagnosed in advanced stages, having a five-year survival

rate of around 20 % [2]. There is a considerable worldwide varia-

Gastric cancer (GC) is a major worldwide health concern, being
the fifth most commonly diagnosed cancer in the world and the
fourth-leading cause of cancer-related deaths [1]. GC is most fre-
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tion in GC incidence and mortality [1,3]. Despite that, there is no
clear geographical pattern of GC incidence [4,5]. For example, al-
though the most affected European regions are Central and Eastern
Europe (11.3 per 100.000 people in 2020), Portugal is considered
an intermediate-high incidence country [6-8].

Considering the delay in diagnosis and the poor prognosis of
advanced-stage GC, some strategies have been proposed for early
detection and prevention, such as eradication of Helicobacter py-
lori (Hp) infection, serum biomarkers and endoscopic screening [9].

1590-8658/© 2024 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.
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Endoscopic screening for GC, already established in Japan [10] and
other high-incidence regions, is associated with improved survival
and has proved to be cost-effective [11].

For countries with intermediate risk of GC, more evidence
is needed to understand if GC screening by esophagogastroduo-
denoscopy (EGD) might also be cost-effective. In the context of
early detection and prevention strategies, attempts have been
made to consider potential risk factors. Among environmental
causes, Hp infection is the most important established risk fac-
tor for non-cardia GC [12]. Some other well-established risk fac-
tors include tobacco smoking, alcohol consumption, salted food in-
take and genetic predisposition [2,13]. Previous studies also sug-
gested other potential factors including hepatitis B virus (HBV) in-
fection, alcoholic liver disease (ALD) and advanced chronic liver
disease (ACLD) [14-19]. Regarding the latter, all patients with com-
pensated ACLD (cACLD) were indicated to be screened for gastroe-
sophageal varices (GOEV), primarily using EGD [20]. More recently,
the Baveno VI and the Baveno VII guidelines sought to identify pa-
tients who could safely avoid screening with EGD [21,22] because
of reduced risk of having GOEV. Acccording to these recommen-
dations, only patients with liver stiffness measurement (LSM) by
transient elastography (TE) >20 kPa and platelet count <150x10°/L
should undergo EGD [21]. Over the years, several studies have con-
firmed the value of the criteria proposed by the Baveno guidelines
in predicting GOEV, but none have acknowledged the possible im-
pact of EGD screening in cACLD patients, regarding the risk of de-
veloping upper gastrointestinal neoplasia [22-25], particularly in
intermediate incidence countries.

The main objective of this study was to evaluate the frequency
of gastric neoplasia in cACLD patients who underwent EGD for
screening of GOEV compared to a healthy population. In this con-
text, we estimated the missed-lesion rate if the Baveno VII criteria
had been strictly followed.

Further, we aimed to achieve two specific objectives: 1. con-
ducting a detailed histopathological analysis of gastric neoplasia
among individuals with cACLD, and 2. evaluating clinical outcomes
following surgery and/or endoscopic resection (ER) of gastric neo-
plasia in this population.

2. Materials and methods
2.1. Study design

We performed a retrospective study at Centro Hospitalar Uni-
versitario Sdo Jodo (Porto, Portugal). We enrolled all asymptomatic
cACLD patients who underwent EGD for GOEV screening from Jan-
uary 2008-June 2018. These patients were compared with asymp-
tomatic healthy individuals who underwent EGD for GC screening
(at the same time as colonoscopy performed for colorectal cancer
screening) in a private hospital setting (Hospital da Luz Pévoa do
Varzim, Porto, Portugal) between April 2017-March 2018.

2.2. cACLD cohort

The Baveno VII criteria were used to identify cACLD cases
among all patients who attended the Hepatology outpatient clinic.
Patients were considered to have cACLD if any of the following cri-
teria were fulfilled: (a) LSM by TE > 12.5 kPa [21]; (b) stage of
cirrhosis in liver biopsy (F4 score) [26]).

We only included cases with at least one EGD performed for
GOEV screening and at least one clinical evaluation after EGD. Pa-
tients were excluded if any of the following were present: (a) clin-
ical signs suggestive of decompensated ACLD (b) prior history of
organ transplantation; (c) surveillance of previous gastric neopla-
sia; (d) gastrointestinal bleeding or iron deficiency anemia.

[m5G;May 28, 2024;17:57]
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2.3. Asymptomatic healthy individuals cohort

Individuals for whom screening with EGD was proposed by the
general practitioner at the same time of colonoscopy were se-
lected. Before the procedure, a survey was performed with ques-
tions regarding demographics, personal and family history of gas-
trointestinal cancer and presence of symptoms. Patients were ex-
cluded if any of the following were present: (a) surveillance of pre-
vious gastric neoplasia; (b) alarm symptoms such as gastrointesti-
nal bleeding, anorexia or weight loss; (c) iron deficiency anemia;
(d) clinical history suggestive of CLD.

2.4. Endoscopic procedures

In the cACLD cohort, all EGDs were performed by senior en-
doscopists or fellows-in-training under supervision. In the healthy
individuals cohort, all EGDs were performed by two senior endo-
scopists (SL, GM).

Olympus® gastroscopes (GIF-Q165, GIF-Q180, GIF-H190) were
used in the cACLD cohort, while Pentax® gastroscopes (EG-2990i)
were used in the asymptomatic healthy individuals group. Virtual
chromoendoscopy with narrow band imaging/i-SCAN was used for
additional assessment, depending on the endoscopist’s preference.
Biopsies were located in a separate vial in the presence of suspi-
cious lesions. If no suspicious lesions were identified, random biop-
sies from the antrum and gastric body using separate vials were
obtained.

2.5. Histopathological examination

All the specimens collected were analyzed by board-certified
pathologists. GC cases in the cACLD cohort were reviewed by
pathologists with experience in gastrointestinal pathology (IG, FC)
and classified according to the World Health Organization (WHO)
and Laurén classifications [27,28].

Modified Giemsa staining was performed in tissue sections ob-
tained from formalin-fixed paraffin-embedded blocks of the gas-
tric endoscopic biopsies for screening of Hp infection. In cACLD pa-
tients with a diagnosis of gastric neoplasia that were Hp negative,
immunohistochemistry using primary monoclonal antibody against
Hp (clone SP48) was performed (Ventana Medical Systems, 1910 E.
Innovation Park Drive, Tcson, Arizona 85,755 USA). Samples were
processed and evaluated in the automatic Ventana Benchmark Ul-
tra platform using the OptiView Universal DAB detection kit.

For the evaluation of gastritis, the severity of inflammation,
activity, atrophy, and intestinal metaplasia were graded as “ab-
sent,” “mild,” “moderate,” and “severe” [29]. In patients in which
at least two biopsies from both the antrum and gastric body were
obtained in separate vials, the Operative Link on Gastritis As-
sessment (OLGA) and the Operative Link on Gastritis/Intestinal-
Metaplasia Assessment (OLGIM) were retrospectively calculated for
the purpose of gastritis staging [30,31], using the information avail-
able in the database of the Department of Pathology. As pre-
viously reported, OLGA/OLGIM=0 was defined as absence of at-
rophic gastritis (AG)/intestinal metaplasia (IM). Extensive AG/GIM
was defined as OLGA/OLGIM III-1V and non-extensive/focal AG/IM
as OLGA/OLGIM I-II.

2.6. Management after EGD

For evaluating clinical outcomes after the diagnosis of gastric
neoplasia, only cACLD cases were considered. After EGD, patients
were guided according to the MAPS I and II guidelines in the pres-
ence of pre-malignant lesions and according to the ESMO guide-
lines if diagnosed with GC [13,32,33]. In the latter, after complete
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staging, cases were discussed by the Esophagogastric Multidisci-
plinary Team at CHUS]J for decision and pursuit of treatment [34].
Immediate and post-procedure adverse events (AEs), disease recur-
rence, mortality and survival (defined as the time from the treat-
ment date to either death or the last follow-up contact) were eval-
uated. Surgery AEs were classified according to the Clavien-Dindo
classification [35].

2.7. Statistical analysis

We aimed to compare the cACLD cohort and asymptomatic
healthy individuals regarding the risk of gastric neoplasia. In ad-
dition, we compared these two groups on demographic character-
istics, Hp infection status and gastritis staging.

Categorical variables were described through absolute and rel-
ative frequencies and continuous variables using means and stan-
dard deviations or medians, interquartile ranges (IQR), and mini-
mum and maximum values. Continuous variables with normal dis-
tribution were tested using the independent samples t-test or the
one-way ANOVA test, while continuous variables with non-normal
distribution were tested using the Mann-Whitney and Kruskal-
Wallis tests. The Fisher’s exact test or the Pearson chi-square test,

4045 patients attended the
Hepatology outpatient clinic
between 2008-2018

481 patients with cACLD

l l

Excluded (n=3564):

e No evidence of cACLD or with decompensated disecase
(n=3472)

o Non-cirrhotic portal hypertension (n=8)

o Presence of upper gastrointestinal symptoms (n=29)

e EGD performed due to surveillance of previous gastric
cancer/lymphoma or evaluation of imagological change or
screening of occult cancer (n=10)

e Prior history of organ transplantation (n=20)

e No EGD or EGD data missing (n=22)

o Loss to follow-up after initial EGD (3)

[m5G;May 28, 2024;17:57]
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as appropriate, were used to compare groups on categorical vari-
ables.

We assessed the association between cACLD and gastric neopla-
sia using logistic regression models. In particular, we built logistic
regression models (i) having either gastric carcinoma or the pres-
ence of overall gastric neoplasia as the dependent variable, and
(ii) considering the presence of cACLD as the independent vari-
able. For each dependent variable, we built unadjusted and ad-
justed regression models. In adjusted models, the inverse proba-
bility of treatment weighting using the propensity score was ap-
plied to balance exposure groups for baseline characteristics (i.e.,
to account for a set of potential confounders). Propensity scores
were built for the independent variable using multivariable lo-
gistic regression models, including the sex, age, family history
of GC, presence of Hp infection, OLGA >3, and OLGIM >3 as
covariates.

In the cACLD cohort, overall survival (OS) in the follow-up
was estimated using the Kaplan-Meier method, and the differences
among the risk groups (considering the diagnosis or not of gastric
neoplasia) were assessed using the log-rank test.

All data was analyzed with SPSS® v.28.0, with all significance
levels being set at p < 0.05.

1364 participants of the
healthy population screened

l i

Gastric neoplasia
19 (4.0%)

No gastric neoplasia
462 (96.0%)

!

}

Dysplasia Carcinoma
5 (1.0%) 14 (2.9%)
Grade of dysplasia: 3 patients with

cACLD, compensated advanced chronic liver disease; EGD, esophagogastroduodenoscopy; HGD, high grade dysplasia; LGD, Low-Grade Dysplasia.

LGD 1 (20%)
HGD 4 (30%)

synchronous LGD
lesions

Gastric neoplasia

No gastric neoplasia

14 (1.0%) 1350 (99.0%)
Dysplasia Carcinoma
3 (0.2%) 11 (0.8%)
Grade of dysplasia:

= LGD 3(100%)

Fig. 1. Study flowchart.
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Table 1
Demographic data.
Total cACLD cohort  Healthy inviduals cohort  p value
n = 1845 n = 481 n = 1364
Gender, n(%)
Female 892 (483 %) 150 (31.2 %) 742 (54.4 %) 0.001
Male 953 (51.7 %) 331 (68.8 %) 622 (45.6 %)
Age, median (IQR), years 58 (49-66) 58 (49-66) 57 (49-66) 0.492
Family history of gastric cancer, n(%) 27 (1.5 %) 4 (0.8 %) 23 (1.7 %) 0.268
IQR, interquartile range; cACLD, compensated advanced chronic liver disease.
Table 2
Characterization of the cACLD population.
Total n = 481

Active alcohol consumption, n (%)
Smoking, n(%)

Active smoker

Ex-smoker

Non-smoker

Etiology, n(%)

Alcohol

HCV

Alcohol and HCV

HBV

Alcohol and HBV

NAFLD

Alcohol and NAFLD

AlH

PBC

AIH and PBC

PSC

Hemochromatosis

Wilson disease

Alfa-1 antitrypsin deficiency
Cryptogenic

ALD

Hepatocellular carcinoma, n(%)
Fibrosis staging in liver biopsy (METAVIR),

LSM by TE<20 kPa, n(%)
Platelets, median (IQR), /mm?
Platelets>150,000/mm3, n(%)
Number of EGDs, median (IQR)

Gastro-esophageal varices on at least one EGD, n(%)
Time of follow-up after initial EGD, median (IQR), months

n(%) F4
Transient elastography liver stiffness measurement, median (IQR), kPa

148 (30.8 %)

70 (14.5 %)
72 (15 %)
339 (70.5 %)

213 (44.3 %)
59 (12.3 %)
29 (6 %)
26 (5.4 %)
7 (1 5 %)
0 (8.3 %)
9 (8.1 %)
8 (3.7 %)
4(2.9 %)
0(2.1%)
1 02 %)
11 (2.3 %)
2(04 %)
1(02 %)
11 (2.3 %)
288 (59.9 %)
53 (11 %)
141 (29.3 %)
19.0 (10.2-35.3)
192 (39.9 %)
136,000 (86,000-194,000)
190 (39.5 %)
3 (2-5)
198 (41.2 %)
63 (33-97)

cACLD, compensated advanced chronic liver disease; ALD, alcoholic liver disease, AIH, autoimmune hepatitis;
HBV, hepatitis B virus; HCV, hepatitis C virus; LC, liver cirrhosis; NAFLD, non-alcoholic fatty liver disease; PBC,
primary biliary cholangitis; PSC, primary sclerosing cholangitis; EGD, esophagogastroduodenoscopy; LSM, liver
stiffness measurement; TE, transient elastography; IQR, interquartile range.

2.8. Ethical considerations

This study was conducted according to the Declaration of
Helsinki. Informed consent to perform EGD was obtained before
the procedure. The study was approved by the Ethics Department
of CHUS] (reference number 313/2022).

3. Results

Of the 4045 patients who attended the Hepatology outpatient
clinic between 2008 and 2018, we identified 481 cACLD patients
who met the eligibility criteria. These 481 patients were compared
with 1364 healthy participants (Fig. 1).

Among assessed participants, 51.7 % were males and the me-
dian age was 58 years old (IQR=49-66 years) (Table 1). There was
a positive GC family history in 1.5 % of the patients. We observed a
male predominance in the cACLD cohort compared to the asymp-
tomatic healthy individuals group (68.8% vs. 45.6 %, respectively;
p = 0.001), with no significant differences between groups regard-
ing age and family history of GC.

3.1. Characterization of the cACLD population

ALD was the most common cause of CLD (n = 288, 59.9 % when
considering patients with multiple etiologies), followed by hepati-
tis C virus infection (n = 59, 12.3 %) and non-alcoholic fatty liver
disease (n = 40, 8.3 %) (Table 2). One hundred and fifteen patients
(23.9 %) had simultaneously LSM by TE < 20 kPa and platelet count
>150x109/L.

The patients underwent a median number of 3 EGDs (IQR 2-5)
for screening of GOEV. The median follow-up time after EGD was
63 months (IQR 33-97).

3.2. Hp infection and gastritis staging

The frequency of Hp infection was significantly higher in
healthy individuals compared to patients with cACLD (47.2% vs.
30.2 %; p < 0.001) (Table 3). Regarding the evaluation and stag-
ing of gastritis, in the cACLD cohort, there was a significantly
higher frequency of both OLGA and OLGIM stages >III compared
to healthy individuals (12.1% vs. 1.6 %; p < 0.001; 14.5% vs. 1.9 %
p < 0.001, respectively).
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Table 3
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Frequency of H. pylori infection and gastritis staging among patients with cACLD and healthy individuals.

Total n = 1845 cACLD cohort Healthy inviduals cohort p value
n = 481 n = 1364
Hp infection, n(%) <0.001
Yes 734 (44.2 %) 90 (30.2 %) 644 (47.2 %)
No 928 (55.7 %) 208 (69.8 %) 720 (52.8 %)
No data 183 (9.9 %) 183 (38.0 %) -
Gastric atrophy, n(%)
Antrum <0.001
No 1177 (71.5 %) 190 (67.1 %) 987 (72.4 %)
Mild 304 (18.5 %) 55 (19.4 %) 249 (18.3 %)
Moderate 141 (8.5 %) 24 (8.5 %) 117 (8.6 %)
Severe 25 (1.5 %) 14 (5.0 %) 11 (0.8 %)
No data 198 (10.7 %) 198 (41.2 %) -
Body <0.001
No 1367 (87.0 %) 164 (79.2 %) 1203 (76.6 %)
Mild 97 (6.2 %) 19 (9.2 %) 78 (5.0 %)
Moderate 95 (6.0 %) 15 (7.2 %) 80 (5.9 %)
Severe 12 (0.8 %) 9 (44 %) 3(0.2 %)
No data 274 (14.9 %) 274 (57.0 %) -
OLGA, n(%) <0.001
0 1022 (65.0 %) 127 (61.4 %) 895 (65.6 %)
I 309 (19.7 %) 37 (17.9 %) 272 (20.0 %)
Il 193 (12.3 %) 18 (8.7 %) 175 (12.8 %)
11 32 (2.0%) 13 (6.2 %) 19 (1.4 %)
v 15 (1.0 %) 12 (5.8 %) 3 (0.2 %)
No data 274 (14.9 %) 274 (57.0 %) -
OLGA=III, n(%) 47 (3.0 %) 25 (12.1 %) 22 (1.6 %) <0.001
No data 274 (14.9 %) 274 (14.9 %) -
Intestinal metaplasia,
n(%)
Antrum <0.001
No 1283 (77.9 %) 183 (64.7 %) 1100 (80.7 %)
Mild 224 (13.6 %) 42 (14.8 %) 182 (13.3 %)
Moderate 102 (6.2 %) 41 (145 %) 61 (4.5 %)
Severe 38 (2.3 %) 17 (6.0 %) 21 (1.5 %)
No data 198 (10.7 %) 198 (41.2 %) 1290 (92.7 %)
Body <0.001
No 1457 (92.8 %) 167 (80.7 %) 65 (4.1 %)
Mild 65 (4.1 %) 16 (7.7 %) 32 (2.0 %)
Moderate 32 (2.0 %) 13 (6.3 %) 17 (1.1 %)
Severe 17 (1.1 %) 11 (5.3 %) -
No data 274 (14.9 %) 274 (57.0 %)
OLGIM, n(%) <0.001
0 1185 (75.4 %) 123 (594 %) 1062 (77.9 %)
I 239 (15.2 %) 33 (16.0 %) 206 (15.1 %)
1l 91 (5.8 %) 21 (10.1 %) 70 (5.1 %)
11 38 (24 %) 19 (9.2 %) 19 (1.4 %)
v 18 (1.2 %) 11 (5.3 %) 7 (0.5 %)
No data 274 (14.9 %) 274 (57.0 %) -
OLGIM=III, n(%) 56 (3.6 %) 30 (14.5 %) 26 (1.9 %) <0.001
No data 274 (14.9 %) 274 (57.0 %) -

cACLD, compensated advanced chronic liver disease; Hp, Helicobacter pylori; OLGA, Operative Link on Gastritis Assessment; OLGIM, Operative

Link on Gastritis/Intestinal-Metaplasia Assessment.

3.3. Frequency of gastric neoplasia

The overall frequency of gastric neoplasia was 1.8 % (Table 4).
The frequency of gastric neoplasia in the cACLD cohort was signif-
icantly higher than that observed in healthy individuals [n = 19
(4.0 %; 95 %Cl=2.2-5.7 %) vs. n = 14 (1.0 %; 95 %CI=0.5-1.6 %);
p < 0.001)].

The frequency of gastric dysplasia was 0.4 % (n = 8), being
significantly different between cACLD patients and asymptomatic
healthy individuals [n = 5 (1.0 %; 95 %CI=0.1-1.9 %) vs. n = 3
(0.2 %; 95 %CI=0-0.5 %); p = 0.019]. Histological grading was sig-
nificantly higher in the cACLD cohort (high-grade dysplasia 80% vs.
0 %; p = 0.028). The frequency of gastric carcinoma was also more
common among patients with cACLD [n = 14 (2.9 %; 95 %Cl=1.4-
44 %) vs.n = 11 (0.8 %; 95 %CI=0.3-1.3 %), p = 0.002].

In unadjusted models, cACLD was positively associated with
the occurrence of gastric carcinoma (OR=8.9; 95 %(Cl=4.0-19.9;
p < 0.001) and overall gastric neoplasia (OR=9.8; 95 %(Cl=4.8-

19.8; p < 0.001). Positive associations were also found after
adjustment for the propensity score both for gastric carcinoma
(OR=3.2; 95 %(Cl=17-6.1; p < 0.001) and gastric neoplasia
(OR=3.2; 95 %(CI=1.8-5.6; p < 0.001).

3.3.1. Subanalysis according to the Baveno VII criteria

We evaluated patients that, according to the Baveno VII criteria,
would not need EGD for the diagnosis of GOEV (n = 115, 23.9 % of
cases). In this subgroup, 7 cases of gastric neoplasia (36.8 % of the
total cases identified in the cACLD population; 95 %Cl=15.2-58.5 %)
were diagnosed (including 4 cases of gastric carcinoma).

3.4. Gastric carcinoma histological characterization

Gastric carcinomas were classified according to Laurén’s and
WHO classifications. Most carcinomas [n = 15 (60.0 %)] were of
the intestinal and tubulo-papillary subtypes, with no significant
differences between cACLD and asymptomatic healthy individuals
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Table 4
Frequency and characterization of gastric neoplasia.

[m5G;May 28, 2024;17:57]
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Total n = 1845 cACLD cohort Healthy inviduals cohort p value
n = 481 n = 1364
Gastric neoplasia, n(%) 33 (1.8 %) 19 (4.0 %) 14 (1.0 %) <0.001
Gastric dysplasia, n(%) 8 (0.4 %) 5(1.0 %) 3 (0.2 %) 0.019
Location 0.315
Body 1(12.5 %) 1(20.0 %) -
Antrum 6 (75.0 %) 4 (80.0 %) 2 (66.7 %)
Antrum+body* 1(12.5 %) - 1(33.3%)
Histological grading 0.028
LGD 4 (50.0 %) 1 (20.0 %) 3 (100 %)
HGD 4 (50.0 %) 4 (80.0 %) -
Gastric carcinoma, n(%) 25 (1.4 %) 14 (2.9 %)* 11 (0.8 %) 0.002
Location
Cardia 2 (8.0 %) 2 (143 %) - 0.164
Fundus 1 (4.0 %) - 1(9.1 %)
Body 9 (36.0 %) 7 (50.0 %) 2 (18.2 %)
Incisura 4 (16.0 %) 2 (143 %) 2 (18.2 %)
Antrum 9 (36.0 %) 3(214 %) 6 (54.5 %)
Histological subtype - Laurén classification 0.078
Intestinal 15 (60.0 %) 7 (50.0 %) 8 (72.7 %)
Diffuse 4 (16.0 %) 1(7.1%) 3(27.3 %)
Mixed 1 (4.0 %) 1(71%) -
Not defined 5(20.0 %) 5 (35.7 %) -
Histological subtype - WHO classification 0.147
Gastric adenocarcinoma
Tubulo-papillary 15 (60.0 %) 7 (50.0 %) 8 (72.7 %)
Poorly-cohesive 4 (16.0 %) 1(7.1 %) 3 (273 %)
Mixed 1(4.0 %) 1(7.1%) -
Rare histopathological subtypes 4 (16.0 %) 4 (28.7 %) -
Large cell neuroendocrine carcinoma 1 (4.0 %) 1(7.1%) -

+ Patient with two synchronous lesions.
* Three patients had a synchronou lesion with LGD in the antrum.

cACLD, compensated advanced chronic liver disease; LGD, low-grade dysplasia; HGD, high-grade dysplasia, WHO, World Health Organization.

cohorts. In the cACLD cohort, there were 4 cases of gastric carci-
nomas belonging to rare histopathological subtypes (28.7 %), ac-
cording to the 5th Edition of the WHO classification, including two
cases of gastric adenocarcinoma with enteroblastic differentiation
(GAED) and two cases of gastric carcinoma with lymphoid stroma
(GCLS), one associated with Epstein-Barr virus infection (patient
with Primary Biliary Cirrhosis. Endoscopic ultrasound at diagnosis
suggestive of a T3N2 lesion. Underwent neoadjuvant chemotherapy
and was submitted to total gastrectomy - pT1bNORO) and the other
associated with microsatellity instability status (Patient with a pre-
vious diagnosis of ALD. Submitted to total gastrectomy (pT1bN3a)
and adjuvant chemotherapy). A detailed histological and morpho-
logical characterization of these cases is shown in Fig. 2.

3.5. Clinical outcomes and management after diagnosis of gastric
neoplasia in the cACLD population

The clinical outcomes and management approaches of cACLD
patients after the diagnosis of gastric neoplasia are described in
Supplementary Table 1 and 2.

Regarding the etiology of cACLD in patients diagnosed with gas-
tric neoplasia, ALD was present in 57.9 % of cases. Nevertheless,
while ALD was present in 100 % of the gastric dysplasia cases, in
patients with gastric adenocarcinoma non-ALD was responsible for
more than half of the cases (57.1 %). A subanalysis comparing pa-
tients with versus without ALD did not show significant differences
in the frequency of Hp infection, gastritis staging and frequency of
gastric neoplasia. (Supplementary Table 3).

3.5.1. Gastric carcinoma

Regarding gastric carcinoma cases in the cACLD cohort (n = 14),
7 (50.0 %) were diagnosed in the first screening EGD. The fre-
quency of gastric adenocarcinoma was higher among non-ALD pa-
tients, albeit without statistical significance (4.1% vs. 2.1 % in ALD

patients; p = 0.187). The OS after the diagnosis of gastric carci-
noma was 38 months (IQR 6-69), with a 3-year mortality rate of
42.9 %. There were no significant differences in OS estimate in cA-
CLD patients with and without a diagnosis of gastric carcinoma
(mean 92+12 vs. 11543 months; p = 0.359).

4. Discussion

In our study, we found a 4-times higher frequency of gastric
neoplasia in patients with cACLD compared to a healthy popula-
tion, with this difference being observed even after adjustment to
demographic and clinical variables. Few previous studies from the
90’s addressed this matter, reporting a higher prevalence of pre-
cursor lesions and GC in patients with cACLD, compared to the
expected prevalence for the general population [14-17]. More re-
cently, Tae Hoon Ha et al. have found a significantly higher fre-
quency of GC in patients with ALD compared to healthy individu-
als. They suggested that part of this increased risk is due to mech-
anisms related to and dependent on liver disease [18].

Hp infection corresponds to one of the most important risk fac-
tors for the development of GC [12]. In our study, the frequency of
Hp infection was significantly higher in healthy individuals than in
the cACLD cohort. The higher exposure of cACLD patients to antibi-
otics and proton-pump inhibitors can explain this difference [36].
Interestingly, despite a lower incidence of Hp infection, the fre-
quency of advanced gastritis stages was significantly higher in the
cACLD cohort compared to the asymptomatic healthy individuals
cohort. A possible interpretation for our findings may be the spon-
taneous disappearance of Hp in the context of severe atrophy and
intestinal metaplasia, as previously reported [37-39].

Interestingly, in the cACLD population, the frequency of spe-
cial types of GC (according to the WHO Classification) was partic-
ularly high (28.7 %). According to the WHO, GCLS and GAED are
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rare histopathological subtypes that account for 1-7 % and 2.6-
5.4 % of GC cases [40], respectively. GAED has been noted to pro-
duce alpha-fetoprotein (AFP), being recognized as a variant of AFP-
producing gastric carcinoma, which is associated with a poor prog-
nosis and advanced-stage disease [41,42]. This was evident in our
cohort, with both cases being diagnosed in an advanced stage with
lymph node involvement, with need for (neo)adjuvant chemother-
apy. The putative association between these rare histopathological
subtypes and ACLD has not been addressed, in the literature. The
interesting relationship between GAED, one of the AFP-producing
gastric carcinomas and hepatocellular carcinoma deserves further
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attention and should be addressed in future studies. Regarding
the relative higher frequency of GCLS in comparison with other
GC cohorts, it might be speculated that liver cirrhosis associated-
immune dysfunction may contribute, to some extent [43], to the
association with this peculiar histopathological subtype character-
ized by abundant lymphoplasmacytic infiltrate and immune sup-
pressive biomarkers [44]. It is important to notice that the major-
ity of cACLD patients in our study had ALD and that may also pose
a bias, given that alcohol consumption is an established risk-factor
for GC. Nevertheless, while ALD was present in 100 % of the gastric
dysplasia cases, in patients with gastric adenocarcinoma, non-ALD
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Fig. 2. - Case 1 (a-c). Adenocarcinoma of the EG]J (a, HE, 40x amplification) composed of anastomosing glands and tubular structures with abundant inflammatory stroma
composed predominantly of lymphocytes and plasma cells (b, HE, 400x amplification). Epstein-Barr encoding region (EBER) in situ hybridization showed EBV infection (c,
EBER-ISH, 40x amplification).

Case 2 (d-g). Gastric adenocarcinoma (d, HE, 40x amplification) with abundant peri-tumoral and intra-tumoral lymphoid stroma (e, HE, 200x amplification). Immuno-
histochemistry for mismatch repair proteins (MMR) showed MMR-deficiency with loss of expression of MLH1 (f, MLH1, 400x amplification) and PMS2 (g, MLH1, 400x
amplification) in tumour cells (note the positive internal control in stromal cells).

Case 3 (h-k). Fungating gastric adenocarcinoma (h, HE, 20x amplification) of predominant tubular architecture showing comedonecrosis and tumour cells with glassy
eosinophilic and clarified cytoplasm (i, HE, 200x amplification). This case was diagnosed as gastric adenocarcinoma with enteroblastic differentiation. Accordingly, immuno-
histochemistry showed multifocal expression of SALL4 (j, 200x) and focal expression of glypican-3 (k, 250x). Patient with a previous diagnosis of HBV infection. Submitted
to total gastrectomy (pT1bRO).

Case 4 (I-p). Fungating gastric adenocarcinoma (I, HE, 20x amplification) of tubular and papillary architecture showing comedonecrosis and tumour cells with clarified
cytoplasm (m, HE, 200x amplification). This case was diagnosed as gastric adenocarcinoma with enteroblastic differentiation. Accordingly, immunohistochemistry showed
expression of SALL4 (n, 200x), glypican-3 (o, 200x) and alpha-fetoprotein (p, 200x).
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Fig. 2. Continued

patients accounted for more than half of cases. Our results suggest
that other factors beside the etiology of ACLD may be associated
with an increased risk of GC in this population.

Areia et al. proposed to perform a screening EGD at the same
time as the first screening colonoscopy for colorectal cancer in Por-
tugal. Using a Markov cost-utility analysis, they compared three
screening strategies and concluded that endoscopic GC screening
was cost-effective if combined with a colonoscopy [11]. More re-
cently, a review article sought to understand the applicability of
screening methods usually adopted in countries with high-risk of
GC in countries of intermediate and low risk [45]. One of the rec-
ommended strategies for countries with intermediate risk may be
to perform EGD after a positive fecal occult blood test [45]. There-
fore, according to our results that demonstrate an overall higher
frequency of gastric neoplasia in patients with ACLD compared to
healthy individuals, screening these patients appears even more
relevant than in the general population. According to the proposed
Baveno VII criteria [21], a significant proportion of the patients in-
cluded in the study (23.9 %) would not be submitted to EGD to
diagnose high-risk varices. Nevertheless, we found that 36.8 % of
the gastric neoplasia cases in the cACLD population would have
been missed if these criteria had been strictly followed. These re-
sults highlight the possible role of EGD as an opportunistic screen-
ing method for an early diagnosis of gastric neoplasia in this pop-

ulation, especially considering that regular follow-up endoscopic
surveillance for GOEV is indicated in a significant proportion of
these patients.

Our study has some limitations inherent to the study design
that should be addressed. The evaluation period was different for
patients with cACLD (2008-2018) compared with healthy individ-
uals (2017-2018). This may be a significant limitation, especially
considering that, for a considerable period, in patients with cA-
CLD, high definition endoscopes with the possibility of performing
virtual chromoendoscopy were not used and, besides, the brand
of the scopes used was different in both groups. Another limita-
tion concerns the fact that in our study there was a significant
male predominance in cACLD patients compared to healthy indi-
viduals. This could have led to an overestimation of GC frequency
in the cACLD group. In the propensity scores analysis, we observed
a significant positive association between cACLD and gastric neo-
plasia after adjustment of potential confounders. Nevertheless, it
is important to stress that alcohol consumption and smoking sta-
tus were not evaluated in healthy individuals, thus impairing the
possibility of adjusting for these variables. Also, it was not possi-
ble to collect data regarding the status of Hp infection and gastritis
staging in a large number of cACLD patients. Since all of these are
established risk factors for GC, the possibility of confounding in the
association between cACLD and gastric neoplasia cannot not be ex-
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cluded. Future studies may continue to assess whether cACLD is an
independent risk factor for gastric neoplasia.

Our study has strengths that bring valuable knowledge regard-
ing this topic. This is the largest study conducted so far that evalu-
ated and demonstrated an increased frequency of gastric neoplasia
in cACLD patients. In addition, patients were carefully assessed re-
garding eligibility criteria and there was a long follow-up in the
cACLD patients, that allowed a detailed evaluation of the manage-
ment and outcomes after the diagnosis of gastric neoplasia. This
is also the first study to suggest that EGD for GOEV screening can
lead to an opportunistic detection of gastric neoplasia. Considering
the previously reported efficacy and safety of ER in this population
[46-48], early detection may lead to better outcomes in a popu-
lation that is very difficult to treat. Although the reduced number
of patients in our cohort did not allowed us to perform a detailed
analysis, the majority underwent ER/surgery with curative intent,
with a reasonable overall survival. We believe that these data pro-
vide additional important information to be considered in the ap-
proach of cACLD patients in specific countries, especially the ones
with an intermediate GC risk where screening indications are not
so clear.

In conclusion, we found a higher frequency of gastric neoplasia
in patients with cACLD than in healthy individuals who were un-
dergoing an already scheduled screening colonoscopy. The Baveno
VII criteria suggest that EGD screening for GOEV may be pre-
ventable in certain patient groups. Based on our results, we suggest
that in countries with intermediate-high risk for GC, continuing to
perform EGD could be beneficial, as patients with cACLD may be at
higher risk for GC, and its early detection may be associated with
better outcomes.
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Supplementary Table 1
Etiology of cACLD, outcomes and management after diagnosis of gastric neoplasia in cACLD population

Total n=19
Etiology of cACLD, n(%)
Alcohol 7(36.8 %)
Alcohol and NAFLD 3(15.7 %)
Alcohol and HCV 1(5.3%)
HCV 1(5.3%)
HBV 2(10.5 %)
NAFLD 2(10.5 %)
PBC 1(5.3%)
AIH and PBC 1(5.3%)
Hemochromatosis 1(5.3%)
ALD, n(%)
Yes 11(57.9)
No 8(42.1)
Gastric dysplasia (n=5)
Etiology of cACLD, n(%)
Alcohol 2 (40.0 %)
Alcohol and NAFLD 3(60.0 %)
ALD
Yes 5(100.0 %)
No 0 (0.0 %)
Type of treatment
Endoscopic 4 (80 %)
-ESD 3(75 %)
-EMR 1(25 %)
Surgery (subtotal gastrectomy) 120 %)
Gastric carcinoma (n=14)
Etiology of cACLD, n(%)
Alcohol 5(35.7 %)
Alcohol and HCV 1(7.1 %)
HCV 1(7.1 %)
HBV 2(14.3 %)
NAFLD 2(14.3 %)
PBC 1(7.1 %)
AIH and PBC 1(7.1 %)
Hemochromatosis 1(7.1 %)
ALD, n(%)
Yes 6(42.9 %)
No 8(57.1 %)
TNM staging, n(%)
T
Tla 4(28.6 %)
Tib 5(35.7 %)
T2 1(7.1 %)
T3 0(0 %)
T4a 3(21.5%)
No data 1(7.1 %)
N
No 10 (71.5 %)
N1 2(14.3 %)
N3a 1(7.1 %)
No data 1(7.1 %)
M
Mo 12 (85.8 %)
M1 1(7.1 %)
No data 1(7.1 %)
AJCC Stage, n(%)
1A 8(57.3 %)
1B 1(7.1 %)
1B 1(7.1 %)
1A 2(14.3 %)
v 1(7.1 %)
No data 1(7.1 %)
Type of treatment, n(%)
Endoscopic 2(14.3 %)
-ESD 2 (100 %)
Resection/ margins (R0) 2 (100 %)
Curative resection 1(50 %)
Adverse events 0(0 %)
Re-intervention 0 (0 %)
Number of days of hospitalization, median (IQR) 2
Tumor recurrence 0(0 %)
Surgical 11(78.6 %)
- Total gastrectomy 8(72.7 %)
- Subtotal gastrectomy 3(27.3 %)
Resection/ margins (R0) 11 (100 %)
Adverse events 5(54.5 %)
Surgical re-intervention 2(182 %)
Number of days of hospitalization, median (IQR) 10 (9-21)
Additional treatment 3(27.3 %)
- Neoadjuvant chemotherapy 1(9.1 %)
- Adjuvant chemotherapy 2(18.2 %)
Tumor recurrence 0(0 %)
Palliative care 1(7.1 %)
Mortality rate in the follow-up, n(%) 7 (50.0 %)
Cause of death
Related 3(42.9 %)
-Tumor 1(33.3 %)
-Complication 2(66.7 %)
Unrelated 4(57.1 %)
30-days mortality, n(%) 1(7.1 %)
6-months mortality, n(%) 3(21.4%)
3-years mortality, n(%) 6 (42.9 %)
Overall survival, median (IQR), months 38 (6-69)

cACLD, compensated advanced chronic liver disease; ALD, alcoholic liver disease, AIH, autoimmune hepatitis; HBV,
hepatitis B virus; HCV, hepatitis C virus; LC, liver cirrhosis; NAFLD, non-alcoholic fatty liver disease; PBC, primary
biliary cholangitis; PSC, primary sclerosing cholangitis; AJCC, American Joint Committee on Cancer; ESD, Endoscopic
Submucosal Dissection; EMR, Endoscopic Mucosal Resection; HGD, high grade dysplasia; LGD, Low-Grade
Dysplasia; IQR, interquartile range



Supplementary Table 2

Surgery adverse events classified according to the Clavien-Dindo classification.

Number of events Clavien-Dindo Management
Local complications
‘Wound infection 1 I Antibiotherapy
Anastomotic dehiscence 1 \% Surgery
Bleeding 1 \% Surgery; Blood transfusion
Systemic complications
Heart failure decompensation 1 1 Conservative
Paroxysmal atrial fibrillation 1 I Rhythm control therapy
Acute on chronic kidney disease 1 1 Fluid therapy
Nosocomial pneumonia 1 I Antibiotherapy
Hemoptysis 1 1 Conservative
Supplementary Table 3
Subanalysis of patients with versus without ALD
Total n=481 ALD n=288 Non-ALD n=193 p value
Hp infection, n(%)
Yes 90 (30.2 %) 53 (29.6 %) 37 (31.1 %) 0.785
No 208 (69.8 %) 126 (70.4 %) 82 (68.9 %) .
No data 183 (38.0 %) 109 (37.8) 74 (38.3 %)
OLGA>III, n(%) 25 (12.1 %) 15 (12.4 %) 10 (11.6 %) 0.867
No data 274 (14.9 %) 167 (58.0) 107 (55.4 %) .
OLGIM=1II, n(%) 30 (14.5 %) 20 (16.5 %) 10 (11.6 %) 0324
No data 274 (57.0 %) 167 (58.0) 107 (55.4 %) i
Gastric neoplasia, n(%) 19 (4.0 %) 11 (3.8 %) 8 (4.1 %) 0.857
Gastric dysplasia, n(%) 5(1.0 %) 5(1.7 %) 0 (0%) 0.086
Gastric carcinoma, n(%) 14 (2.9 %) 6 (2.1 %) 8 (4.1 %) 0.187

Hp, Helicobacter pylori; OLGA, Operative Link on Gastritis Assessment;

OLGIM, Operative Link on Gastritis/Intestinal-Metaplasia Assessment; ALD, alcoholic liver disease
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Cost-utility and clinical impact of endoscopic
screening for esophageal and gastric neoplasia
in patients with head and neck neoplasms
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Objective Patients with head and neck neoplasms (HNN) are at an increased risk of esophageal neoplasia (EN) and gastric
neoplasia (GN). We aimed to assess the clinical impact and cost-utility of endoscopic screening in this population in the
Western setting.

Methods In this single-center study HNN patients eligible for curative treatment underwent screening
esophagogastroduodenoscopy. We assessed the frequency, clinical, and pathological outcomes of EN and GN. The cost-
effectiveness of an annual endoscopic screening for EN was evaluated from a societal perspective, using a Markov model and
probabilistic sensitivity analysis. In addition, we performed a sensitivity analysis using data on the prevalence of detected EN
lesions in the four largest previous Western studies on this topic.

Results Forty-six HNN patients met the inclusion criteria and underwent endoscopic screening. Six EN were detected in
five patients (10.9%, 95% confidence interval: 1.9-19.9%). Additionally, five GN were detected in five patients. Most patients
had early-stage EN or GN (90%) and were treated with endoscopic resection (80%). Endoscopic screening strategy had an
incremental cost-effectiveness ratio of 39 357.8 €/quality-adjusted life years gained, being cost-effective at a willingness-to-

pay threshold of two times the Portuguese gross domestic product per capita. In the sensitivity analysis, it remained cost-
effective when considering the prevalence of EN reported in Germany, France, and Brazil.

Conclusion An endoscopic screening program identified EN or GN in a fifth of HNN patients, most presenting at an early
stage. The program implementation appears to be cost-effective in Portugal. These results may be applicable to other
medium-to-high-income Western countries. Eur J Gastroenterol Hepatol XXX: XXXX-XXXX
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Introduction

Esophageal and gastric cancers are among the most prev-
alent and lethal malignancies worldwide [1]. Screening
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for gastroesophageal neoplasia (GEN) is recommended
and was found to be cost-effective in high-incidence
Asian countries [2]. In Western countries, according to
the European Society of Gastrointestinal Endoscopy,
gastric neoplasia (GN), screening by esophagogastrodu-
odenoscopy (EGD) may be considered in intermediate-
to-high-risk regions, depending on local settings and
availability of endoscopic resources [2]. Screening for eso-
phageal neoplasia (EN), namely squamous cell carcinoma
(SCC), however, has only been suggested in high-risk pop-
ulations such as patients with achalasia or with head and
neck neoplasms (HNN) [2].

Patients with HNN are at increased risk for a second
primary EN (either synchronous or metachronous), due
to shared risk factors including smoking and alcohol
consumption. The role of human papillomavirus (HPV)
infection in this context is controversial, especially in the
absence of additional risk factors [3,4]. The co-occurrence
of an EN is associated with a poor prognosis of HNN,
regardless of how appropriately the latter is managed [5].
Therefore, early detection and management of concur-
rent EN by minimally invasive endoscopic resection may
potentially improve patients’ outcomes.

Several studies, mainly from Asia, have evaluated the
diagnosis and management of EN in patients with HNN
[6-12]. The applicability of these results in Western
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populations is, however, uncertain due to differences in
the incidence of HNN and EN. Studies conducted in the
Western setting showed contradictory results, and a wide
debate is still ongoing regarding (1) the impact of screen-
ing programs on patients’ outcomes, (2) the timing and
frequency of screening, and (3) the cost-effectiveness of
screening all HNN patients vs. selected high-risk individ-
uals [13-20].

Therefore, we aimed to evaluate the clinical impact and
cost-effectiveness of an endoscopic screening program for
EN in HNN patients, in a Western setting. Besides, we
sought to evaluate the additional diagnosis of GN and to
perform a complete histopathological characterization of
all detected GEN and matched HNN.

Materials and methods
Study design

This study is a retrospective analysis of prospectively
collected data that evaluated an endoscopic screen-
ing program for HNN patients in a tertiary refer-
ral center (Unidade Local de Satide Sio Jodao - ULSS],
Porto, Portugal). The study was reported according to
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines [21].

Eligibility criteria

We included all adult patients with HNN (from the oral
cavity, nasopharynx, oropharynx, hypopharynx, larynx,
and paranasal sinus) diagnosed between June 2020 and
December 2023 and proposed for curative-intent treatment.

HNN diagnosis and staging were obtained by flex-
ible transnasal endoscopy and computed tomography
scan (including chest scan), which were performed in all
patients. MRI (depending on the location) and PET were
also performed when deemed necessary [22].

We excluded patients (1) with nonepithelial HNN or
(b) with clinical or imaging suspicion of GEN before the
first EGD.

Study endpoints

The main endpoints were (1) the frequency of EN in
patients with HNN undergoing endoscopic screening and
(2) the cost-utility of an endoscopic screening strategy for
EN vs. no screening strategy in patients with HNN.

Additional endpoints included (1) evaluation of the fre-
quency of GN, (2) assessment of the treatment and clinical
outcomes after the diagnosis of GEN, and (3) histopatho-
logical characterization of the detected GEN and matched
HNN.

Screening and follow-up

The strategy consisted of the performance of a screen-
ing EGD in all included patients, within 12 months since
the HNN diagnosis. Whenever possible, a synchronous
strategy (<6 months) was conducted. Careful inspec-
tion of the esophageal mucosa with white light imaging,
narrow-band imaging (NBI), and Lugol’s staining chro-
moendoscopy [20 ml of Lugol’s staining (1.2% iodine
solution)] was performed in all patients.
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Visible lesions were characterized using the Paris
Classification [23]. The surface and vascular patterns were
carefully evaluated using NBI and magnification to assess
the possibility of endoscopic resectability. Targeted biop-
sies were performed and located in separate vials in all
suspicious lesions.

Random biopsies of the antrum and gastric body
using separate vials were obtained at the endoscopist’s
discretion.

When no lesion was identified, annual endoscopic
screening was proposed. Treatment was pursued in the
cases with histopathological confirmation of GEN [eso-
phagus: low-grade dysplasia (LGD), high-grade dysplasia
(HGD), SCC, or adenocarcinoma; stomach: LGD, HGD,
or adenocarcinoma]. After GEN detection, staging and
treatment ensued, according to a multidisciplinary team
and patient decision.

Endoscopic submucosal dissection (ESD) was used to
manage lesions amenable to endoscopic resection and
curativeness of the resection was defined according to cur-
rent guidelines [24].

Histopathological analysis

A full description of the histopathological analysis can be
found in Supplementary Table 1, Supplemental digital con-
tent 1, hitp:/links.ww.com/EJGH/B159. All HNN and
GEN cases were reviewed by at least two expert pathologists
(I.G.and EC.). A detailed histopathological characterization
of the detected GEN and matched HNN in each patient was
performed, with evaluation of biomarkers of viral infec-
tions, namely p16 immunohistochemistry for HPV and in
situ hybridization for Epstein—Barr virus (EBER-ISH). This
analysis aimed to assess if an infection by one (or both) of
these oncogenic viruses could explain the presence of syn-
chronous or metachronous neoplasias, besides the tradi-
tional risk factors common to both tumor models.

Cost-utility analysis

Target population and model structure

A health economic analysis was performed to evaluate
the cost-utility of an endoscopic screening program (vs.
no screening) for the diagnosis of EN in patients with
HNN in Portugal. The societal perspective was adopted in
agreement with the recommendations for reporting cost-
effectiveness analyses [25]. We opted for a cost-utility
analysis to simultaneously account for the life years gained
and the quality of life associated with the corresponding
health states. The consequences of the strategies being
compared were expressed in quality-adjusted life years
(QALY). The Consolidated Health Economic Evaluation
Reporting Standards 2022 was followed for reporting the
present analysis [26].

The target population included patients >18 years with
stage I-IIIl HNN. A Markov state-transition cost-utility
model was designed (Fig.1 and Supplementary Figure
1, Supplemental digital content 1, hitp:/links.lww.com/
EJGH/B159). The screening strategy consisted of the
performance of an EGD within 12 months of the HNN
diagnosis. In the case of a negative initial examination,
follow-up EGD was proposed yearly for 5 years (time
horizon). The nonscreening strategy implied that patients
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Fig. 1. Markov model illustration of a screening (a) vs. no screening strategy (b) in HNN patients, for the diagnosis of esophageal neoplasia (EN). A Markov

model was used to project the costs and clinical outcomes for a time horizon of

5 years. The state-transition model simulated EN natural history as annual

transitions between different health status. We assumed death as an absorbing state. “Preoperative chemoradiotherapy followed by surgery according
to the CROSS study [Supplementary Table 2]. BSC, best supportive care; CHT, chemotherapy; CRT, chemoradiotherapy; ESD, endoscopic submucosal

dissection; HNN, head and neck neoplasia.

were nonroutinely screened for EN. In this case, EN was
diagnosed following (1) an EGD performed due to other
reasons or (2) a complete evaluation following after EN
signs or symptoms.

Costs were calculated using data from our center’s
Financial Department (ULSS]J, Porto, Portugal) and, when-
ever necessary, from national sources (Ministry of Health,
Portugal).

Costs were calculated in 2023 Euros (€), with inflation
adjustment as necessary. In accordance with published
recommendations, a discount rate of 3% was incorpo-
rated for both costs and effectiveness results [25].

Supplementary Table 2, Supplemental digital content 1,
hitp://links.lww.com/EJGH/B159 summarizes the model
inputs for the computation of costs, utilities, and transi-
tion probabilities. Modeling assumptions are described in
Supplementary Table 3, Supplemental digital content 1,
hitp:/Minks.lww.com/EJGH/B159.

Outcomes and analysis

The effect size used to present our results was the incremen-
tal cost-effectiveness ratio (ICER). The main willingness-
to-pay (WTP) threshold was set at 50 000 €/QALY



4 European Journal of Gastroenterology & Hepatology

XXX XXX @ Volume XXX ¢ Number 00

207 patients
diagnosed with HNN

Exclusion criteria

HNN not eligible for curative treatment
n=114

Died before consultation n=11
Referred to other center n=9
Non-epithelial HNN n=7*

Cervical metastatasis of unknown origin
n=3

Imagiological suspicion of esophageal
neoplasia n=1**

62 patients evaluated in the
Gastroenterology outpatient
clinic

Exclusion criteria

Refused screening n=16

46 patients underwent
screening EGD

[

neoplasia n=10
(21.7%)

Gastro-esophageal

No gastro-esophageal
necplasia n=36
(78.3%)

Esophageal neoplasia
n=5 (10.9%)*

Gastric neoplasia n=5
(10.9%)

Refused screening
after first EGD n=4

ESD
n=3*

CRT
n=1

Surveillance
n=1

Enrolled in
metachronous
screening n=32

ESD
n=5

——

——i

Non-curative
n=2

Curative

n=1

Curative Non-curative

n=4 n=1

|

Additional RT n=1
Surgery n=1

Total gastrectomy n=1 J

Fig. 2. Flow diagram of participant selection and clinical outcomes. CRT, chemoradiotherapy; EGD, esophagogastroduodenoscopy; ESD, endoscopic
submucosal dissection; HNN, head and neck neoplasia; RT, radiotherapy. *Melanoma n = 3, central giant cell granuloma n = 2, ameloblastoma n = 1, and
non-Hodgkin lymphoma n = 1. **Confirmed diagnosis of esophageal squamous cell carcinoma after EGD. +One patient had two synchronous esopha-
geal neoplasias (one lesion with high-grade dysplasia, other with squamous cell carcinoma). ++The patient with two synchronous esophageal neoplasias
underwent ESD of both lesions, with the one with squamous cell carcinoma being a noncurative resection. Note: None of the patients that underwent
endoscopic screening had clinical or imaging suspicion of esophageal or gastric neoplasia.

gained, as it approximately corresponds to two times
the Portuguese gross domestic product (GDP) per capita
(2 x24 646 =49 292 €). In addition, we considered WTP
of one or three times the Portuguese GDP per capita as
recommended by the WHO [27].

We performed a probabilistic sensitivity analysis using
Monte Carlo simulation methods, with 10 000 simula-
tions run per model. From the probabilistic sensitivity
analyses performed, we retrieved the proportion of simu-
lations identifying screening as cost-effective.

Additionally, we performed a sensitivity analysis con-
sidering the frequency of detected EN (at each oncologi-
cal stage) in the four largest Western studies on this topic
[13-16]. Results were expressed following probabilistic
sensitivity analyses.

Statistical analysis

Categorical variables were described through absolute
and relative frequencies, while continuous variables were
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reported as means and standard deviations or medians,
interquartile ranges (IQR), and minimum and maximum
values. The Fisher’s exact test or the chi-square test was
used to compare categorical variables. Continuous varia-
bles with normal distribution were tested using the inde-
pendent samples # test or the one-way ANOVA test, while
continuous variables with nonnormal distribution were
tested using the Mann—Whitney or the Kruskal-Wallis tests.
All data were analyzed using SPSS v.28.0, IBM, Chicago,
Illinois, USA and TreeAge Pro 2023 Healthcare Version,
TreeAge Software, LLC, Williamstown, Massachusetts,
USA.

Ethical considerations

Each patient gave written informed consent before EGD.
The Ethics Committee of ULSS] approved the study (pro-
ject number 375/2023).

Results

During the study period, 207 patients diagnosed with HNN
were evaluated in our institution, with 62 (30%) being
evaluated in the gastroenterology outpatient clinic (median
referral time since HNN diagnosis = 37 days, IQR = 8-82)
(Fig. 2). The most common reason for nonreferral was the
HNN not being eligible for curative treatment. After refer-
ral, 16 patients (25.8 %) refused to undergo screening EGD.
Forty-six patients underwent screening EGD after a median
time of 4 months (IQR = 1-9) since HNN diagnosis [<6
months (7 =31, 67.4%); 6-12 months (n =15, 32.6%)].

Screened patients’ baseline characteristics

Most patients were male (7 = 38, 82.6%) and had a his-
tory of tobacco use (7 = 39, 84.8%) and alcohol consump-
tion (n =25, 54.3%), or both. The median age was 61
years (IQR = 60-67). We did not observe significant dif-
ferences between patients with or without a diagnosis of
GEN regarding demographic data, family history of GEN,
or functional status (Table 1).

Head and neck neoplasms characteristics

The most frequent HNN location was the larynx (7 = 19,
41.3%), with the majority being SCC (n =42, 91.3%).
All patients underwent treatment, with the most common
strategies being chemoradiotherapy (7 =15, 32.6%) and
surgery plus chemoradiotherapy (7 = 14, 30.4%).

At endoscopic screening, 31 patients (67.4%) were
already in HNN remission, while the remaining (n = 13,
32.6%) were being treated with curative intent. Most
patients underwent one screening EGD (n = 38, 82.6%),
with the remainder undergoing two (n=7; 15.2%) or
three (7 = 1; 2.2%) screening EGDs.

Gastroesophageal neoplasia detected with endoscopic
screening

An EN or GN was detected in 10/46 patients (21.7%,
95% confidence interval (CI): 9.8-33.6%). All of these
patients had a current or previous history of drinking,
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smoking or both. Histopathological characterization of
these cases is reported in Table 2. Supplementary Table
4, Supplemental digital content 1, htip://links.lww.com/
EJGH/B159 describes a detailed individual analysis of
each patient with GEN.

Esophageal neoplasia

A total of six EN were detected in 5/46 patients (10.9%,
95% CI: 1.9-19.9%). The median lesion size was 12 mm
(IQR: 10-30). All cases were identified in the index EGD,
<6 months after HNN diagnosis. Histopathological char-
acterization revealed three cases of SCC, one of squamous
HGD, and two of squamous LGD.

One patient with an SCC not amenable to endoscopic
resection (T2NOMO) was referred for chemoradiother-
apy. In one patient with an LGD lesion, surveillance was
decided due to the metastatic progression of HNN. In the
remaining three patients, ESD of the lesions (z = 4) was
performed, being noncurative in two: one received subse-
quent treatment with adjuvant radiotherapy and the other
underwent esophagectomy (with evidence of residual
lesion with HGD in the surgical specimen).

No adverse eventss (AEs) were reported after endo-
scopic/surgical resection. No patient had evidence of
recurrence/progression of the EN during the follow-up.
One patient died (20.0%) in the follow-up due to an unre-
lated cause (pneumonia).

Histopathological analysis — p16 and Epstein-Barr virus
encoding region evaluation

One patient had diffuse p16 expression in the esopha-
geal SCC but not in the matched HNN (Supplementary
Figure 2, Supplemental digital content 1, http://links.
lww.com/EJGH/B159). One patient showed simulta-
neous focal p16 expression in both the EN and HNN.
No p16 expression was observed in the remaining EN
(n = 3), with the correspondent HNN being also p16
negative. No esophageal neoplasms were positive for
EBER-ISH.

Gastric neoplasia

A total of five GN were detected in 5/46 patients (10.9%,
95% CI: 1.9-19.9%). Four lesions were identified in the
index EGD (<6 months after HNN diagnosis) while one
lesion was detected in the second follow-up EGD (14
months after HNN diagnosis). Histopathological charac-
terization revealed four cases of adenocarcinoma and one
of LGD.

All five GN underwent ESD, with four being curative.
One patient with a noncurative ESD underwent total gas-
trectomy, without evidence of residual disease in the sur-
gical specimen. No significant differences between groups
were observed regarding the staging of gastritis when
comparing patients with or without GN (Supplementary
Table 5, Supplemental digital content 1, htip://links.lww.
com/EJGH/B159).

No AEs were reported after endoscopic/surgical resec-
tion. No recurrence or progression of the GN was observed
and no patient died in the follow-up.



6 European Journal of Gastroenterology & Hepatology XXX XXX @ Volume XXX © Number 00

Table 1. Demographic data and baseline head and neck neoplasms characteristics and staging of screened patients

Total (N = 46) GEN (n =10) No GEN (n = 36) P
Demographic data

Sex, n (%) 0.055
Female 8(17.4) 4 (40) 4 (11.1)

Male 38 (82.6) 6 (60) 32 (88.9)

Age, median (IQR), minimum-maximum, years 61 (60-67), 43-80 63 (63-64), 55-73 56 (54-74), 43-80 0.423

Family history of GEN, n (%)

Esophageal neoplasia 1.2 0 (0) 1(2.8) 0.594
Gastric neoplasia 2 (4.3 0(0) 2 (5.6) 0.446

Personal history of cancer, n (%)* 6 (13) 2 (20) 4(11.1) 0.598

CRC 2(4.3) 2 (20 0 (0)
Lung cancer 1(2.2) 0(0) 1(2.8)
Bladder cancer 1(2.2) 1(10) 1(2.8)
Non-Hodgkin lymphoma 1(2.2) 1(10) 1(2.8)
Prostate cancer 1(2.2) 1(10) 0(0)

Basal cell carcinoma 1(2.2) 0(0) 1(2.8)

Tobacco use, n (%) 0.398
Current 20 (43.5) 3(30) 17 (47.2)

Former 19 (41.3) 6 (60) 13 (36.1)
No 7(15.2) 1(10) 6 (16.7)

Tobacco pack years, median (IQR) 40 (29-50) 30 (20-40) 40 (30-50) 0.373

Alcohol consumption, n (%) 0.758
Current 14 (30.4) 4 (40) 10 (27.8)

Former 11 (23.9) 2 (20) 9 (25.0)
No 21 (45.7) 4 (40) 17 (47.2)

Alcohol grams per day, median (IQR) 50 (26-83) 26 (19-53) 50 (40-90) 0.199

Gastroesophageal reflux disease, n (%) 3(6.5) 1(10) 2 (5.6) 0.530

ECOG status 0.515
0 30 (65.2) 8 (80) 22 (61.1)

1 15 (32.6) 2 (20) 13 (36.1)
2 1.2 0 (0) 1(2.8)
HNN characteristics and staging

Location of HNN, n (%) 0.853
Nasopharynx 1.2 0 (0) 1(2.8)

Hypopharynx 7(15.2) 2 (20) 5(13.9)
Oral cavity 15 (32.6) 2 (20) 13 (36.1)
Larynx 19 (41.3) 5 (50) 14 (38.9)
Paranasal sinus 4(8.7) 1(10) 3(8.3)

Histology, n (%) 0.134
Squamous cell carcinoma 42 (91.3) 8 (80) 34 (94.4)
Adenocarcinoma 3 (6.5) 1(10) 2 (5.6)

High-grade squamous dysplasia 1(2.2) 1(10) 0(0)

Staget 0.190
| 8(17.4) 3(30) 5(13.9)

Il 8(17.4) 2 (20) 6 (16.7)
1l 11 (23.9) 1(10) 10 (27.8)
IVa 18 (39.1) 3(30) 15 (41.7)
NA 1(22.2) 1(10) 0 (0)

T 0.326
T 10 (21.7) 3(30) 7 (19.4)

T2 9(19.6) 2 (20 7(19.4)
T3 12 (26.1) 2 (20 10 (27.8)
T4 14 (30.4) 2 (20 12 (22.2)
NA 1(2.2) 1(10) 0 (0)

N 0.044
NO 20 (43.5) 7 (70) 13 (36.1)

N1 7(15.2) 1(10) 6 (16.7)
N2 14 (30.4) 0 (0) 14 (38.9)
N3 4(8.7) 1(10) 3(8.3)
NA 1.2 1(10) 0 (0)

M 0.217
MO 45 (97.8) 9 (90) 36 (100)

M1 0 (0) 0 (0) 0 (0)
NA 1(2.2) 1(10) 0 (0)

HNN treatment, n (%) 0.480
CRT 15 (32.6) 2 (20 13 (36.1)

Surgery 7 (15.2) 3 (30) 4 (11.1)
Surgery + RT 10 (21.7) 2 (20) 8 (22.2)
Surgery + CRT 14 (30.4) 3(30) 11 (30.6)

Bold value indicates P < 0.005.

CRC, colorectal cancer; CRT, chemoradiotherapy; GEN, gastroesophageal neoplasia; HNN, head and neck neoplasms; IQR, interquartile range; NA, nonappli-
cable; RT, radiotherapy.

*More than one cancer in two patients. All neoplasias were under remission at the beginning of follow-up.

TEighth edition of the American Joint Committee on Cancer/International Union Against Cancer TNM staging system.
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Table 2. Characterization of esophageal and gastric neoplasia

Esophageal neoplasia (n = 5)

Histological grading, n (%)

Low-grade squamous dysplasia 2 (40)
Sqguamous cell carcinoma* 3 (60)
Lesion size, median (IQR), mm 12 (10-30)

Morphology, n(%)

Polypoid 0 (0)

Nonpolypoid, nondepressed 3 (60)

Depressed 2 (40)

p16 expression

Negative 3 (60)

Focal/heterogeneous 1(20)

Positivet 1(20)

EBER-ISH
Negative 5 (100)
Positive 0 (0)
Esophageal SCC (n =3)
Histological subtype — WHO classification, n (%)
Esophageal squamous cell carcinoma, NOS 3 (100)
T staging, n (%)

T1b 2 (66.7)
SM1 1(50)
>SM1 1(50)

T2 1(33.3)

Lymphovascular permeation, n (%) 0(0)
Differentiation, n (%)
Poor 1(33.3)
Well/moderate 2 (66.7)
Gastric neoplasia (n = 5)
Histological grading, n (%)

Low-grade dysplasia 1(20)
Adenocarcinoma 4 (80)
Lesion size, median (IQR), mm 13 (15-24)

Location, n (%)

Antrum 1(20)

Body 1(20)

Cardia 3 (60)

Morphology, n (%)

Polypoid 1(20)

Nonpolypoid, nondepressed 2 (40)

Depressed 2 (40)

p16 expression

Negative 3 (75)

Focal/heterogeneous 1(25)

Positive* 0(0)

NA 1(20)

EBER-ISH

Negative 3 (75)

Positive 1(25)

NA 1(20)

Gastric adenocarcinoma (n = 4)

Histological subtype — Laurén classification
Intestinal 3 (75)
Undetermined 1

Histological subtype - WHO classification, n (%)
Gastric adenocarcinoma

Tubular 3(75)
Gastric carcinoma with lymphoid stroma 1
T staging, n (%)

Tis 1 (25)
Tib 3(75)
SMH 2(66.7)
>SM1 1(33.3)

Lymphovascular permeation, n (%)
Differentiation, n (%)
Poor 0(0)
Well/moderate 4 (100)

1 (25)

EBER-ISH, Epstein-Barr virus encoding region in situ hybridization; IQR, inter-
quartile range; NA, nonapplicable; NOS, not otherwise specified; SCC, squa-
mous cell carcinoma.

*One patient had a synchronous esophageal lesion with squamous high-grade
dysplasia.

tCases were considered positive when block-positive p16 staining was
observed in dysplastic lesions and when moderate to strong nuclear and cyto-
plasmic p16 staining was observed in at least 70% of cells in invasive lesions.
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Histopathological analysis — p16 and Epstein-Barr virus
encoding region evaluation

Focal p16 expression was observed in one patient with
gastric adenocarcinoma, whose matched HNN was neg-
ative for p16 expression. One case of gastric adenocar-
cinoma, showing the morphologic features of gastric
carcinoma with lymphoid stroma, was associated with
Epstein—Barr virus (EBV) infection, with the correspond-
ing HNN being negative for EBER-ISH (Supplementary
Figure 3, Supplemental digital content 1, http://links.lww.
com/EJGH/B159).

Clinical outcomes of the screened patients

The median follow-up after EGD was 13 months
(IQR = 5-20). Three patients (6.5%) were diagnosed with
additional neoplasms during follow-up (pancreatic can-
cer = 1, lung cancer = 2).

Four patients (8.7%) refused to be enrolled in sub-
sequent screening after the first EGD. Eleven patients
(23.9%) died during follow-up, with no significant differ-
ences in the mortality rate between patients with or with-
out GEN (10.0 vs. 27.8%, P = 0.244) - six (54.5%) due
to progression of the HNN and five (45.5%) from causes
unrelated to HNN or GEN.

Cost-utility analysis

Main analysis

Screening would be associated with an average increased
cost of €1327.2 per patient and an average gain of
0.03 QALY (Table 3). This corresponds to an ICER of
39 357.81 €/QALY, rendering screening cost-effective at
the WTP threshold of 50 000 €/QALY gained (as well as
the WTP of three times the Portuguese GDP per capita).
Supplementary Figure 4, Supplemental digital content 1,
hitp:/llinks.lww.com/EJGH/B159 depicts the overall sur-
vival, cumulative QALYSs, and cumulative costs associated
with the screening and no screening strategies.

In the probabilistic sensitivity analysis using data from
the current study, screening would be associated with an
average increased cost of €1580.52 per patient, as well as
with an average gain of 0.05 QALY (ICER = 35 044.79 €/
QALY) (Table 3).

Screening would have a 63% probability of being
cost-effective at a WTP threshold of 50 000 €/QALY
gained (Fig. 3a). For the WTPs of one and three times
the Portuguese GDP per capita, the probabilities would
respectively be of 34 and 72% (Fig. 3b).

Sensitivity analysis with data from other Western series

Probabilistic sensitivity analysis using data from other
Western series showed that the screening strategy remained
cost-effective ata WTP of 50 000 €/QALY gained if the prev-
alence of EN lesions was the same as reported in Germany,
France, and Brazil (but not in the Netherlands) (Table 3).

Discussion

This study aimed to evaluate the impact and cost-utility of
an endoscopic screening program in patients with HNN in
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Table 3. Deterministic one-way sensitivity analysis and probabilistic sensitivity analysis results of the screening strategy for esophageal neoplasia

VS. NO screening

Frequency of Patients with Differences in Effective- Effective-  Differences in effec-
esophageal dysplastic lesions/ Costs Costs no  costs (screening ness of ness of no tiveness (QALY -
Country of origin neoplasia*, stage | esophageal screening screening vs. no screening) screening  screening screening vs. no
of the study n (%) cancer, n (%) (Euro) (Euro) (Euro) (QALY) (QALY) screening) ICER
Deterministic one-way sensitivity analysis
Portugal 5/46 (10.9) 4/5 (80) 3205.08 1327.15 1877.92 1.68 1.64 0.0337 39 357.81
(current study)
Probabilistic sensitivity analysis
Portugal 5/46 (10.9) 4/5 (80) 4008.16  1580.52 2427.64 1.65 1.61 0.0451 35044.79
(current study)
Sensitivity analysis with data from other Western countries
Netherlands 13/202 (6.4) 12/13 (92.3) 2536.89  1354.28 1182.61 1.69 1.66 0.022 52 839.41
(8]
Brazil [20] 181/1888 (9.6) 148/181 (81.8) 3067.62  1748.30 1319.32 1.66 1.63 0.031 42 854.96
Germany [21] 12/148 (8.1) 7/15 (46.7) 3421.74  1975.10 1446.64 1.66 1.63 0.033 43 360.71
France [19] 39/392 (9.9) 22/39 (56.4) 3934.92 2356.83 1578.09 1.64 1.64 0.042 37514.43

An additional sensitivity analysis was performed taking into consideration the data from the main Western studies on this topic.
GDP, gross domestic product; ICER, incremental cost per QALY gained; QALY, quality-adjusted life years.
*Besides lesions with esophageal squamous cell carcinoma includes also lesions with low-grade/high-grade dysplasia and esophageal adenocarcinoma.
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Fig. 3. (a) Scatter plot for probabilistic Monte Carlo sensitivity analysis of the endoscopic screening vs. no screening strategy. The scatter plot represents
10 000 simulated iterations in a Monte Carlo probabilistic sensitivity analysis where the x-axis represents incremental effectiveness in terms of quality-
adjusted life years (QALY) and the y-axis represents incremental costs in Euros. The oval represents the confidence ellipse, in which 95% of the results of
the simulations are present. Cost-effective simulations are in green and below the dotted line representing the willingness-to-pay threshold, set at €50 000/
QALY gained. (b) Acceptability curve of the endoscopic screening vs. no screening strategy. The vertical lines represent the thresholds of acceptability [1-3
times the Portuguese gross domestic product (GDP) per capita]. The x-axis represents the willingness-to-pay in Euros per QALY and the y-axis represents

the probability that screening is cost-effective.

a Western country with intermediate-to-high risk for GN.
Our results showed an overall frequency of EN of 10.9%.
The health economic analysis indicated that endoscopic
screening for EN, performed within 12 months since
diagnosis in stage I-III HNN patients, is cost-effective in
Portugal. In addition, an unexpectedly high frequency of
GN was evident.

Routine endoscopic screening in patients with HNN
has yet to be implemented in most Western countries [2].
Our study showed a higher frequency of EN than pre-
viously reported in the other prospective Western studies
(ranging between 1.8 and 10%) [13-20]. Nevertheless,
many of these studies were performed before the advent
of image-enhanced endoscopy, which is associated with
a better diagnostic performance for detecting early EN,
without a significant increase in cost per procedure
[28]. In our study, all procedures were performed under

sedation, with a standardized inspection of the esophageal
mucosa using both virtual and conventional chromoen-
doscopy, which can partly explain our higher detection
rates. Moreover, while the role of endoscopic screening
for the diagnosis of EN has been extensively studied, very
few studies addressed the opportunistic diagnosis of GN
in patients with HNN (with rates ranging between 0.5
and 1.8%) [13,19,29], but in our cohort, it was unex-
pectedly high (10.9%). Portugal is a country with an
intermediate-to-high risk for GN, and endoscopic screen-
ing for this neoplasia in the general population was found
to be cost-effective [30]. A recent study from our group
recently compared the frequency of GN among healthy
individuals who underwent EGD at the same time of
screening colonoscopy with that of patients with compen-
sated advanced chronic liver disease who underwent EGD
for screening of gastroesophageal varices. The frequency
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of GN was 1 and 4%, respectively [31]. In the present
study, the synergic presence of additional risk factors for
GN in patients with HNN, within a susceptible popula-
tion may partially explain our findings. Interestingly, all
patients with GN were negative for Helicobacter pylori
infection. Unfortunately, systematic gastric biopsies were
not performed in this cohort, and missing data prevented
us from evaluating the relationship between GN frequency
and gastritis stages.

To the best of our knowledge, no previous study has
evaluated the cost-utility of an endoscopic screening pro-
gram in HNN patients in the Western setting. Recently, a
study from Taiwan reported EN screening among patients
with oral cavity cancer (OCC) to be cost-effective [32]. In
this study, four different strategies (annual, annual for 3
years, annual for 10 years, annual for life) were compared,
with the latter being the most favorable from the payer’s
perspective, particularly in patients with early-stage OCC.
Nevertheless, it should be acknowledged that these find-
ings may not be applicable in the Western setting for sev-
eral reasons: (1) this study focused only on OCC excluding
other HNN in which the risk of EN may be significantly
higher (e.g. pyriform sinus); (2) differences in the incidence
of EN; (3) significant divergence in costs (e.g. the cost of
EGD in Taiwan is 47.42 € vs. 142.81 € in Portugal). In
our analysis, an annual endoscopic screening program for
the diagnosis of EN in patients with HNN was found to
be cost-effective, for a WTP corresponding to between 2-3
times the Portuguese GDP per capita. Of note, while the
gains in QALY associated with screening were relatively
small, it is important to note that these patients (1) have a
high risk of mortality in the follow-up due not only to the
baseline HNN but also due to other risk factors such as
second primary tumor (other than EN) and comorbidities
and (2) tend to display a low quality of life. The proba-
bilistic sensitivity analysis using data from other Western
centers confirmed that the screening strategy remained
cost-effective if the prevalence of detected lesions would
be the same as the one detected in Brazil, Germany, and
France. We, however, did not use specific cost data from
these countries, so we cannot conclude whether screening
would be cost-effective in those countries. The general-
izability of the results to other Western countries should
warrant further research. In the near future, screening may
become even more cost-effective as a consequence of (1)
the application of artificial intelligence tools [33] or (2)
increased survival of HNN patients with novel targeted
immunotherapies [34].

Many questions remain unsolved regarding patient
selection, timing, and frequency of endoscopic screening
in patients with HNN. A recent study conducted in the
Netherlands evaluated screening for EN in HNN patients
[13]. Compared with van Tilburg et al., we had almost
twice the prevalence of EN (10.9 vs. 6.0%), if we account
for the LGD cases in their work. The authors evaluated
different timings for EGD, but most lesions were detected
at the index EGD with the highest yield observed in syn-
chronous screening (7.1%). Most of the patients (80%)
were amenable to endoscopic treatment. Regarding our
results, all the EN were detected at the index EGD and
66.7% underwent ESD. In our sample, 8.7% of patients
refused subsequent screening and 23.9% died during our
short follow-up period of 13 months. Nonetheless, 15.2%

www.eurojgh.com 9

performed two more EGD and 2.2% performed three
additional EGD with no additional lesion detection. This
data suggests that at least one screening EGD should be
recommended following an HNN diagnosis. Ideally, this
index EGD should be performed within 6 months but may
be acceptable up to 12 months. A clear definition of tim-
ing is crucial, as our findings, in line with those of van
Tilburg, indicate that a significant proportion of patients
in remission from HNN have a window of opportunity
during which they are willing to undergo further proce-
dures, like screening EGD. Delaying initial screening for
1-2 years should be discouraged because a lesion could
progress to a stage where it is not amenable to endoscopic
resection anymore [15]. Regarding long-term follow-up,
previous studies reported metachronous EN rates rang-
ing between 1.5 and 5.1%, which may continue to rise
even after 10 years [18,35]. The decision to recommend
follow-up EGD should be based on further studies that
assess the yield of subsequent metachronous screening
and the outcomes associated with therapeutic options that
ensue. Therefore, taking all these factors into account,
together with the findings of our study, follow-up EGD
should be considered on a year-to-year basis, considering
the natural history and location of HNN (particularly in
those with a piriform sinus involvement, which is a known
risk factor for EN [36]) and patients’ functional status and
preferences.

In this study, we aimed to explore the role of viral
infection as a driving factor of the co-occurrence of HNN
and GEN, with the potential aim of more precisely select-
ing patients for screening. The viral-related pathogenesis
associates high-risk HPV infection to oropharyngeal SCC
and EBV infection to gastric carcinoma, particularly to
the histological subtype of gastric carcinoma with lym-
phoid stroma [37,38]. Nevertheless, a previous study has
suggested that patients with HPV-positive HNN have a
lower risk of second primary tumors [4]. In our study, no
significant matching between EBV or HPV infection in
HNN and GEN was found, supporting that viral infection
plays a limited role in the field cancerization phenome-
non. Therefore, we are not able to suggest targeted recruit-
ment of patients for EGD based on EBV/HPV status of the
HNN tumor.

Our study has some limitations. A selection bias cannot
be excluded since the screening program was implemented
in a single tertiary reference center, which may limit the
generalization of these results. Furthermore, the series
included a small number of patients with HNN. While this
is a consequence of the strict inclusion and exclusion cri-
teria (which may have contributed, at least partially to an
overestimation of the frequency of GEN), this also shows
the difficulties of implementing a screening program in a
difficult-to-manage population with significant comorbid-
ities and frequent social issues. Finally, the short follow-up
and the possible lead time bias limit our ability to assess the
long-term impact on the patients’ prognosis. Regarding the
cost-utility analysis, while we tried to evaluate all possible
clinically relevant scenarios, the simultaneous presence of
two neoplasias with distinct behaviors implied some model
simplifications and assumptions. Nonetheless, it is impor-
tant to highlight that a conservative approach was used in
the estimations performed. In addition, the model did not
consider EN recurrences in the follow-up. Considering that
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the risk of recurrence is higher in more advanced stages
and is associated with additional costs and loss of pro-
ductivity, this may have led to an underestimation of the
cost-effectiveness of the model.

In conclusion, our study showed that the implementa-
tion of endoscopic screening led to the identification of EN
or GN in one-fifth of HNN patients, mostly discovered at
an early stage, allowing a curative-intent treatment. Annual
endoscopic screening for EN may be considered cost-
effective in the Portuguese setting. Future studies should
focus on the optimization of patient selection, evaluation
of the long-term clinical impact of screening, and assess-
ment of its cost-effectiveness in other Western countries
and of alternative strategies, such as one-time screening.
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Supplementary material and methods

Supplementary tables

Supplementary Table 1
Description of the performed histopathological analysis

Tumor morphology

e Tumor morphology of HNN and GEN, including histological classification and degree of differentiation were classified according to the World
Health Organization classification and, in the case of gastric neoplasia, Laurén classification [1,2].

Immunohistochemistry and EBV In Situ Hybridization

o In patients harboring both HNN and GEN, serial 3-um sections were prepared from a representative formalin-fixed paraffin-embedded block
from each tumor location.

e Immunohistochemistry staining was performed with antibody directed against p16 (clone CINtec® p16 Histology, prediluted; Roche-
Mannheim, Germany). Samples were processed in the automatic Ventana Benchmark Ultra platform using the OptiView Amplification DAB
detection kit.

e The presence of EBV infection was investigated by EBV-encoded small RNAs (EBERY) in situ hybridization (EBER-ISH; INFORM EBER probe,
Ventana Medical Systems) using the same equipment, with enzymatic digestion (ISH protease) and the iViewBlue detection kit.

Evaluation of p16 expression
e We evaluated p16 expression as a surrogate biomarker of HPV infection. For dysplastic lesions, p16 staining was evaluated using the same
criteria proposed for lower anogenital HPV-associated lesions, according to the CAP [3].

e For invasive neoplasias, p16 was considered positive when at least 70% of neoplastic cells showed moderate to strong nuclear and
cytoplasmic staining, according to the CAP algorithm for HNN [4].

CAP, Consensus Recommendations from the College of American Pathologists; EBV, Epstein-Barr virus; GEN, gastro-esophageal neoplasia;
HNN, head and neck neoplasia; HPV, human papillomavirus
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Supplementary Table 2

Model parameters and inputs for the cost-effectiveness analysis study

Likeliest value

Data used for parameter

Variable Distribution Mean (SD) definition - number of events Source
(min-max)
(number of participants)
Proportion of patients with no lesion at baseline beta 0.89 (0.05) NA 41 (46) Present study
Proportion of patients in stage | at baseline beta 0.09 (0.05) NA 4 (46) Present study
Proportion of patients in stage II/1ll at baseline beta 0.02 (0.03) NA 1(46) Present study
Probability of maintaining no lesion status (annual) beta 0.76 (0.07) NA 31(41) Present study
Probability of developing a stage | lesion in a patient with no lesion (annual) triangular NA 0.02(0.00-0.05) NA Present study
Probability of having an ESD in a patient with a stage | lesion beta 0.75(0.17) NA 3(4) Present study
Probablllj(y that the ESD is done with curative intent in a patient with stage | lesion beta 0.33(0.20) NA 10) Present study
undergoing ESD
rer;)igzblllty of having a non-curative ESD followed by surgery in a patient with a stage | beta 050(022) NA 12 Present study
Probability of surgery complications (Clavien-Dindo grade 3 to 4) NA NA 0.40 NA [51
Probability of surgery-related deaths beta 0.02 (0.004) NA 20(1160) ([6]
Probability of having a non-curative ESD followed by CRT in a patient with a stage | lesion  beta 0.50(0.22) NA 1(2) Present study
Probability of CRT complications in the setting of non-curative ESD, CTC grade 3 to 4) NA NA 0.31 NA [71
Yearly probability of death in a patient with an esophageal neoplasm beta 0.24 (0.07) NA 10(41) Present study
ﬁ;lﬁl)lblztsailgrt]y of undergoing neoadjuvant CRT followed by surgery in a patient with stage beta 0.36 (0.004) NA 4877 (13480) 8]
Probability of complications from neoadjuvant CRT (CTC grade 3 to 4) beta NA 0.22 NA 91
Additional probability of death from neoadjuvant CRT followed by surgery beta 0.18(0.02) NA 66 (366) 91
Probability of complications from definitive CRT (CTC grade 3 to 4) beta NA 042 NA [9,10]
Additional probability of death from definitive CRT beta 0.02 (0.02) NA 2(95) [10]
Probability of detection of a lesion at stage | in the no screening context beta 0.08 (0.03) NA 6(78) [
Probability of detection of a lesion at stage II/Ill in the no screening context beta 0.51 (0.06) NA 41(78) [11
Probability of undergoing palliative chemotherapy in a patient with a stage IV lesion beta 0.22 (0.004) NA 2207 (9948) 21
Probability of complications from palliative chemotherapy (CTC grade 3 to 4) NA NA 0.47 NA [13]
Probability of death in a patient undergoing palliative chemotherapy (annual) beta 0.66 (0.01) NA 1457 (2207) [10]
Probability of death in a patient undergoing best supportive care (annual) triangular NA 0.95(0.90-1.00) NA Expert opinion
Cost (in Euro)* Distribution Mean (SD) Likellest value Source
(min-max)
Working day gamma 34.98 (0.89) NA NA [14]
Travelling to and from the hospital, unit (fuel and other expenses) gamma 9.99 (0.26) NA NA Expert opinion
Daily stay at the internal medicine ward gamma 454.19(11.59) NA NA Hospital data
Daily stay at the general surgery ward gamma 583.16(14.89) NA NA Hospital data
Daily stay at the palliative care ward gamma 325.80(8.32) NA NA Hospital data
EGD (including biopsy) gamma 142.81 (3.64) NA NA Hospital data
Cost of travel associated with EGD gamma 9.99 (0.26) NA NA Expert opinion
Staging af.ter neoplastic lesion detection (includes thoraco-abdomino-pelvic CT scan and gamma 322,60 (8.24) NA NA Hospital data
endoscopic ultrasound)
Cost of travel associated with staging, with CT scan and endoscopic ultrasound performed gamma 9.99 (0.26) NA NA Expert opinion
on the same day
. . . 1636.06 .
Endoscopic submucosal dissection (ESD) gamma @1.76) NA NA Hospital data
Bleeding following ESD gamma 36.58 (0.93) NA NA [15], Hospital data
Perforation following ESD gamma 203.87 (5.20) NA NA [15], Hospital data
Cost of travel associated with ESD performance and possible AEs gamma 9.99 (0.26) NA NA Expert opinion
14813.60 .
Surgery gamma (378.16) NA NA Hospital data
8745.90 .
Surgery AEs gamma (223.26) NA NA [5], Hospital data
Cost of travel associated with surgery and possible AEs gamma 9.99 (0.26) NA NA Expert opinion
Chemo-radiation following non-curative ESD gamma :2();32;65)6 NA NA Hospital data
AEs from chemo-radiation following non-curative ESD gamma 985.59 (25.16) NA NA [7], Hospital data
Cost of travel associated with chemo-radiation after non-curative ESD plus possible AEs  gamma 289.82(7.40) NA NA [7], Expert opinion
Neoadjuvant chemo-radiation gamma (250;43249)9 NA NA Hospital data
Complications from neoadjuvant chemo-radiation gamma 699.47 (17.86) NA NA [9], Hospital data
Cost of travel associated with neoadjuvant chemo-radiation and eventual AEs gamma 229.86 (5.87) NA NA [9], Expert opinion
. . 8632.62 .
Definitive chemo-radiation gamma (22037) NA NA Hospital data
AEs from definitive chemo-radiation gamma (133:(5)'93;1 NA NA [9,10], Hospital data
Cost of travel associated with definitive chemo-radiation and eventual AEs gamma 249.84 (6.38) NA NA [10,16], Expert opinion
- 25055.06 5
Palliative chemotherapy gamma (639.60) NA NA [13], Hospital data
- 1494.29 5
AEs from palliative chemotherapy gamma (38.14) NA NA [13], Hospital data
Cost of travel associated with palliative chemotherapy and eventual AEs gamma 139.91 (3.57) NA NA (131, HOSp.'t?l data,
Expert opinion
. 2280.59 Hospital data,
Best supportive care gamma (58.22) NA NA Expert opinion
Cost of travel to the palliative care unit gamma 5.00(0.14) NA NA Expert opinion
Utility data Distribution Mean (SD)
Base utility for a patient who survived a HNN beta 0.70(0.20) 7
Stage |, ESD, additional disutility beta 0.09 (0.15) [18,19], Expert opinion
Stage |, surgery, additional disutility beta 0.13(0.15) [20]
ZEESEHQCHI neoadjuvant chemotherapy followed by surgery or definitive CRT, additional beta 019(0.17) 1201
Stage IV, palliative chemotherapy, additional disutility beta 0.26 (0.19) [20]
Stage IV, best supportive care, additional disutility beta 0.27 (0.19) 21

AE, adverse event; CRT, chemoradiotherapy; CTC, Common Toxicity Criteria; CT, computed tomography; EGD, esophagogastroduodenoscopy; ESD, endoscopic submucosal
dissection; HNN, head and neck neoplasia; NA, non-applicable; SD, standard deviation
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Notes:

We considered costs with diagnostic procedures (EGD, staging complementary diagnostic tests, consultations, and AE management), therapeutic interventions (ESD, surgery,
CRT, palliative chemotherapy and AE management), transportation, and productivity losses due to work absenteeism. Transport expenses were based on a mean estimate of
the distance between home and hospital for the patients from our center. Costs with productivity losses were calculated based on the human capital method, considering
average wages per hour. Costs with presenteeism were not evaluated in the model.

Other: " - Detection of lesions in these patients occurred after EGD for other reasons, such as dysphagia, heartburn, dyspepsia or iron-deficiency anaemia; ¥ — The costs related
with complications from procedures or treatments reflects the probability of these AEs occurring, i.e., the cost presented was cost of complication multiplied by the probability
of the event. For all costs, a 10% deviation was assumed (5% below and 5% above the base case value) if no other information was available.
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Supplementary Table 3
Modelling assumptions in the main analysis

Assumptions

Patients without a diagnosis of EN were assigned a baseline utility of 0.70, considering previously published utility values in HNN survivors
(Supplementary table 2). Given that no previous study had calculated the utilities associated with having an EN in HNN survivors, we assumed
that these utilities were computed by subtracting (i) the disutility associated with each EN stage to (ii) the baseline utility of 0.70 considered
for HNN survivors.

We considered that the dropout rate of the screening arm was 0%.

In the screening arm, we did not consider the possibility of identifying patients with a stage IV lesion.

The model did not consider EN progression during treatment or EN recurrences in the follow-up after curative treatment.
We did not consider the occurrence of additional SPTs (besides GEN).

We assumed that patients under CRT completed all pre-determined treatment cycles.

The probability of AEs following a diagnostic EGD was assumed as 0%.

An estimation based on clinical experience was made in relation to the number of workdays lost with procedure-related AEs.

AEs, adverse events; CRT, chemoradiotherapy; EGD, esophagogastroduodenoscopy; EN, esophageal neoplasia; GEN, gastro-esophageal
neoplasia; HNN, head and neck neoplasia; SPT, second primary tumor
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Supplementary Table 4
Characteristics of patients with head and neck neoplasms and gastro-esophageal neoplasia, detected during screening.
Sex/ HNN Time to Location/ Treatment/
Alcohol/  HNN HNN Histology/ Paris . Histology/ Outcomes
ID Age N . . EGD e es Staging N
(years) Smoking (location) (staging) p16/ {months) Classification/ p16/ in follow-up
4 EBER Size (mm) EBER
ESD/ HNN-Remission;
SCC/ St h (Cardia)/
Male/ ‘ omach (Cardia) ACpTIbSM3LP+R1/  GEN-Total
1 N/Ex Larynx T2NOMO negative/ 6 lla+llc/ T1NOMO X Gastrectomy (no
70 i negative/ co .
negative 20 " lesion in the surgical
positive specimen)
SCC/ Stomach (Antrum)/ - ission;
Female/ . . ( ) ESD/ HNN-Remission;
2 63 Y/N Oral cavity TINOMO negative/ 5 lla/ NA LGD RO GEN-Endoscopic
negative 10 Surveillance
SCC/ Stomach (Cardia)/ ESD/ issi
Male/ ) AC pT1b SM1 LP- R0/ HNN- Remission:
3 N/Ex Hypopharynx  T2NOMO negative/ 1 Is/ TINOMO . GEN- Endoscopic
73 . negative/ "
negative 28 X Surveillance
negative
ESD/
Male/ AC/ Stomach (Cardia)/ AC bT1b SM1. LP- RO/
ale LP-, .
4 N/Ex Paranasal  rz.NoMo  focal/ 0 Is/ TINOMO - Remission for both
71 sinus ) negative/ HNN and GEN
negative 28 )
negative
ESD/
Male/ SCC/ Stomach (Body)/ AC bTis/ R for both
ale . plis emission for bot
5 61 N/Ex Larynx T4aN1MO negat!ve/ 14 lla+lic/ NA focal/ HNN and GEN
negative 15 3
negative
CRT/
Male/ SCC/ Esophagus/ sces R for both
ale, . emission for bot
6 62 Y/Y Larynx T1INOMO negat!ve/ 6 lla+l1b+lIc/ T2NOMO positive/ HNN and GEN
negative 30 3
negative
ESD/
Male/ SCC/ Esophagus/ LGD Ro/ R for both
ale, emission for bot
7 Ex/Y L T3NOMO tive/ 6 b/ NA
7 arynx nega !ve negative/ HNN and GEN
negative 12 .
negative
ESD/ N iccion:
Female/ HGD/ Esophagus/ T1b SM1 LP-R1 e pemeslon
emale - -
8 Y/Ex Larynx NA focal/ 2 lIb/ TiNoMo ¥ GEN- Esophagectomy
62 i 30 focal/ (HGD in the surgical
negative negative specimen)
Surveillance due to
sce/ Esoph ' advanced staging
sophagus,
Female/ . ) phag of HNN/ HNN- Metastatic
9 Y/Y Oral cavity  TINOMO negative/ 0 b/ NA ;
65 LGD/ progression
negative 12 negative/
negative
ESD/
Esophagus/
HGD, RO .
lla+llc/ NA X HNN-Metastatic
sce/ 20 negative/ progression; Died due
Female/ . negative to pneumonia;
10 Ex/Ex Hypopharynx T3N3bMO negative/ 0 .
55 tive Esoph y ESD/ GEN- Additional
nega sophagus i
phag SCC pT1b SM2 LP-RO radlothergpy dueto
lla+llc/ NA X non-curative ESD
8 negative/
negative

AC, Adenocarcinoma; CRT, Chemoradiotherapy; CT, Chemotherapy; EGD, Esophagogastroduodenoscopy; ESD, Endoscopic submucosal dissection; Ex, Ex- smoker/alcohol consumer; GEN, gastro-esophageal
neoplasia; HGD; Head and Neck neoplasia; High-grade dysplasia; HNN, LGD, Low-grade dysplasia; LP, Lymphatic permeation; R, Resection; EBER, Epstein-Barr Virus encoding region; NA, Non-applicable; N,
No; SCC, Squamous Cell Carcinoma; SM, Submucosa; Tis, carcinoma in situ; Y, Yes
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Supplementary Table 5
Frequency of H. pylori infection and gastritis staging among patients with or without GEN
Total (n=46) GN (n=5) No GN (n=41) p value
Hp infection, n(%) 0.218
Yes 3(17.6) 0(0) 3(25)
No 14 (82.4) 5(100) 9(75)
No data 29 (63) 0(0) 29 (40.7)
Gastric atrophy, n(%)
Antrum 0.346
No 8(57.1) 2(66.7) 6 (54.5)
Mild 0(0) 0(0) 0(0)
Moderate 4(28.6) 0(0) 4(36.4)
Severe 2(14.3) 1(33.3) 1(9.1)
No data 32(69.6) 2 (40) 30(73.2)
Body 0513
No 8 (66.6) 2(66.7) 6 (66.7)
Mild 0(0) 0(0) 0(0)
Moderate 2(16.7) 0(0) 2(22.2)
Severe 2(16.7) 1(33.3) 1(11.1)
No data 34 (73.9) 2 (40) 32(78)
Intestinal metaplasia, n(%)
Antrum 0.306
No 7(43.8) 2 (40) 5(45.5)
Mild 0(0) 0(0) 0(0)
Moderate 6(37.5) 1(20) 5(45.5)
Severe 3(18.8) 2 (40) 1(9.1)
No data 30(65.2) 0(0) 30(73.2)
Body 0.276
No 7(58.3) 2 (50) 5(62.5)
Mild 0(0) 0(0) 0(0)
Moderate 2(16.7) 0(0) 2(25)
Severe 3(25.0) 2(50) 1(12.5)
No data 34 (73.9) 1(20) 33(80.5)

GN, gastric neoplasia; Hp, Helicobacter pylori
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Supplementary figure legends

Supplementary Figure 1 - Decision tree diagram of the Markov model for comparison of endoscopic
screening strategy versus no screening. The tree diagram represents all possible options for HNN
patients if submitted to endoscopic screening versus no screening. In the model, every branch
corresponds to an individual state of disease (circle), and Markov cycles start at the beginning of each
branch for any of the defined strategies (circles with an M). On the far right are the terminal stages
(triangles) for the Markov cycles and patients at these stages return to the beginning of the next cycle

after a 1-year cycle, except for the Death state.

ESD, endoscopic submucosal dissection; CRT, chemoradiotherapy; CROSS, Chemoradiotherapy for
Esophageal Cancer Followed by Surgery Study; BSC, best supportive care

Supplementary Figure 2 — A) Laryngeal squamous cell carcinoma (Haematoxylin and eosin, 40x
original magnification) showing (B) no p16 expression (p16 immunohistochemistry, 100x original
magnification). (C,D) Screening EGD revealed a 30mm lesion in the middle esophagus (Paris lla+l1b+llc).
Endoscopic biopsies showed (E) squamous cell carcinoma (Haematoxylin and eosin, 100x original
magnification). (F) By immunohistochemistry, the tumor showed diffuse, strong nuclear and
cytoplasmic p16 expression (p16 immunohistochemistry, 100x original magnification). Patient
underwent CRT, being in remission at the end of follow-up.

Supplementary Figure 3 - (A) Laryngeal squamous cell carcinoma with keratinization (Haematoxylin
and eosin, 200x original magnification). (B) Screening EGD revealed a 20mm lesion in the cardia (Paris
lla+llc) removed by ESD. (C} On histological examination, the tumor showed the morphologic
characteristics of gastric carcinoma with lymphoid stroma (Haematoxylin and eosin, 100x original
magnification) and (D) was associated to Epstein-Barr virus infection (EBER In Situ Hybridization, 40x
original magnification). Due to evidence of lymphatic permeation, patient underwent total gastrectomy
without evidence of residual lesion or lymph node metastasis.

Supplementary Figure 4 - Overall survival (A), cumulative QALYs (B) and cumulative costs (C)

associated with the screening versus no screening strategy.
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SUPPLEMENTARY FIGURE 3




SUPPLEMENTARY

FIGURE 4

o

Jeax

1509 dANEINWND AONIEWN

BUIBRIIE ON ~O=
BujuBang =o=

- 005

- 0001

= 0002

I~ 00sZ

005k

1503 3AnEINWNY

rwe

1eaj

SSauaAday3 aAlR|NWIND AOYIEW

Buieans o —o—

Buniesg =

-0

5S2UBAND3YT ALEINWND

0
A

f

Buiuee1S ON ~O=
Bupieang —o=

2A1ND |BAIAING

a0

Buiapung %,



10.

11.

12.

13.

14.

15.

16.

17.

18.

Cost-utility and clinical impact of endoscopic screening for esophageal
and gastric neoplasia in patients with head and neck neoplasms

Supplementary references

Lauren P. THE TWO HISTOLOGICAL MAIN TYPES OF GASTRIC CARCINOMA: DIFFUSE AND SO-CALLED
INTESTINAL-TYPE CARCINOMA. AN ATTEMPT AT A HISTO-CLINICAL CLASSIFICATION. Acta Pathol
Microbiol Scand 1965;64:31-49

Nagtegaal ID, Odze RD, Klimstra D et al. The 2019 WHO classification of tumours of the digestive system.
Histopathology 2020;76:182-188

Darragh TM, Colgan TJ, Thomas Cox J et al. The Lower Anogenital Squamous Terminology
Standardization project for HPV-associated lesions: background and consensus recommendations
from the College of American Pathologists and the American Society for Colposcopy and Cervical
Pathology. Int J Gynecol Pathol 2013;32:76-115

Ferguson DC, Mehrad M, Ely KA et al. Human Papillomavirus Testing in Head and Neck Squamous Cell
Carcinoma: Impact of the 2018 College of American Pathologists Guideline Among Referral Cases at a
Large Academic Institution. Arch Pathol Lab Med 2021;145:1123-1131

Bundred JR, Hollis AC, Evans R et al. Impact of postoperative complications on survival after
oesophagectomy for oesophageal cancer. BJS Open 2020;4:405-415

Turner KM, Delman AM, Johnson K et al. Robotic-Assisted Minimally Invasive Esophagectomy:
Postoperative Outcomes in a Nationwide Cohort. J Surg Res 2023;283:152-160

Suzuki G, Yamazaki H, Aibe N et al. Chemoradiation versus surgery for superficial esophageal squamous
cell carcinoma after noncurative endoscopic submucosal dissection: comparison of long-term
oncologic outcomes. Radiat Oncol 2022;17:191

Kamarajah SK, Evans RPT, Griffiths EA et al. Definitive chemoradiotherapy versus neoadjuvant
chemoradiotherapy followed by radical surgery for locally advanced oesophageal squamous cell
carcinoma: meta-analysis. BJS Open 2022;6

van Hagen P, Hulshof MC, van Lanschot JJ et al. Preoperative chemoradiotherapy for esophageal or
junctional cancer. N Engl J Med 2012;366:2074-2084

de Vos-Geelen J, Hoebers FJP, Geurts SME et al. A national study to assess outcomes of definitive
chemoradiation regimens in proximal esophageal cancer. Acta Oncol 2020;59:895-903

Henrigue R, Bento M, Goncalves A et al. Registo Oncoldgico do Instituto Portugués de Oncologia do
Porto. Instituto Portugués de Oncologia - Porto; 2018, DOI:

Merchant SJ, Kong W, Gyawali B et al. First-Line Palliative Chemotherapy for Esophageal and Gastric
Cancer: Practice Patterns and Outcomes in the General Population. JCO Oncol Pract 2021;17:e1537-
e1550

Doki Y, Ajani JA, Kato K et al. Nivolumab Combination Therapy in Advanced Esophageal Squamous-Cell
Carcinoma. N Engl J Med 2022;386:449-462

[Anonymous]. Net monthly mean wages (in Euros) of employees by Place of residence and Occupation.
In: Instituto Nacional de Estatistica; 2024

Forbes N, Elhanafi SE, Al-Haddad MA et al. American Society for Gastrointestinal Endoscopy guideline
on endoscopic submucosal dissection for the management of early esophageal and gastric cancers:
summary and recommendations. Gastrointest Endosc 2023;98:271-284

Obermannova R, Alsina M, Cervantes A et al. Oesophageal cancer: ESMO Clinical Practice Guideline for
diagnosis, treatment and follow-up. Ann Oncol 2022;33:992-1004

Liao LJ, Hsu WL, Lo WC et al. Health-related quality of life and utility in head and neck cancer survivors.
BMC Cancer 2019;19:425

Areia M, Alves S, Brito D et al. Health-related quality of life and utilities in gastric premalignant
conditions and malignant lesions: a multicentre study in a high prevalence country. J Gastrointestin Liver
Dis 2014;23:371-378



19.

20.

21.

Cost-utility and clinical impact of endoscopic screening for esophageal
and gastric neoplasia in patients with head and neck neoplasms

Libanio D, Braga V, Ferraz S et al. Prospective comparative study of endoscopic submucosal dissection
and gastrectomy for early neoplastic lesions including patients' perspectives. Endoscopy 2019;51:30-39

Doherty MK, Leung Y, Su J et al. Health utility scores from EQ-5D and health-related quality of life in
patients with esophageal cancer: a real-world cross-sectional study. Dis Esophagus 2018;31

Wang Y, Shi J, Du L et al. Health-related quality of life in patients with esophageal cancer or
precancerous lesions assessed by EQ-5D: A multicenter cross-sectional study. Thorac Cancer
2020;11:1076-1089



6.3.

Study 3

Underwater Endoscopic Mucosal Resection Vs Conventional Endoscopic Mucosal
Resection for Superficial Nonampullary Duodenal Epithelial Tumors in the
Western Setting

Morais R, Amorim J, Medas R, Sousa-Pinto B, Santos-Antunes J, Legros R, Albouys J, Moll F,
Marques M, Vilas-Boas F, Rodrigues-Pinto E, Gullo |, Carneiro F, Soares EG, Amaro P, Mesquita P,
Rodrigues J, Andrisani G, Sferrazza S, Archer S, Kuttner-Magalhaes R, Manzano F, de Santiago
ER, Rimondi A, Murino A, Despott E, Pioche M, Jacques J, Macedo G.

Clin Gastroenterol Hepatol. 2024 May 22:51542-3565(24)00485-3
DOI: 10.1016/j.cgh.2024.05.011

Epub ahead of print

PMID: 38782173

Cited by 3 articles
(Google Scholar, 2025, April 24)

Impact factor 11.6
(Thomson-Reuters, 2023)

Rank 6 of 164 on Gastroenterology journals (Q1)
(Scimago Journal & Country Rank, 2023)

85






Clinical Gastroenterology and Hepatology 2024;m:m—m

Underwater Endoscopic Mucosal Resection Vs Gonventional
Endoscopic Mucosal Resection for Superficial Nonampullary
Duodenal Epithelial Tumors in the Western Setting

Rui Morais,? José Amorim,” Renato Medas, ' Bernardo Sousa-Pinto,>*

Jodo Santos-Antunes,’**°> Romain Legros,® Jérémie Albouys,® Frédéric Moll,”
Margarida Marques, '+ Filipe Vilas-Boas,"? Eduardo Rodrigues-Pinto,’?

Irene Gullo,>>® Fatima Carneiro,”>® Elisa Gravito Soares,’ Pedro Amaro,’
Pedro Mesquita,'® Jaime Rodrigues,'® Gianluca Andrisani,’’ Sandro Sferrazza,'®
Sara Archer,'® Ricardo Kuttner-Magalhaes,'® Francisco Manzano,'*

Enrique Rodriguez de Santiago,'* Alessandro Rimondi,'*'® Alberto Murino,’>'®
Edward Despott,'>'® Mathieu Pioche,” Jérémie Jacques,®* and

Guilherme Macedo '8

TGastroenterology Department, Centro Hospitalar Universitdrio Sdo Jodo, Porto, Portugal; 2Department of Medicine, Faculty of
Medicine, University of Porto, Porto, Portugal; 3Deparl‘ment of Community Medicine, Information and Health Decision Sciences,
Faculty of Medicine, University of Porto, Porto, Portugal; *Centro de Investigagdo em Tecnologias e Servicos de Satide/Rede de
Investigagcdo em Saude, Health Research Network, Faculty of Medicine, University of Porto, Porto, Portugal; SInstituto de Patologia
e /muno/osgia Molecular da Universidade do Porto/Instituto de Investigagcdo e Inovacdo em Saude, University of Porto, Porto,
Portugal: ®Gastroenterology and Endoscopy Unit, Dupuytren University Hospital, Limoges, France; "Department of Hepatology and
Gastroenterology, Edouard Herriot Hospital, Lyon, France; 8Department of Pathology, Centro Hospitalar Universitario Sdo Joéo,
Porto, Portugal; QGastroenterology Department, Centro Hospitalar Universitario de Coimbra, Coimbra, Portugal;
’oGastroenterology Department, Centro Hospitalar de Vila Nova de Gaia e Espinho, Vila Nova de Gaia, Portugal; ”Digestive
Endoscopy Unit, Fondazione Policlinico Universitario Campus Bio-Medico, Rome, Italy; "®Digestive Endoscopy Unit, Amas
Ospedale Civico Palermo, Palermo, Italy; ’3Gastroenterology Department, Centro Hospitalar Universitario do Porto, Porto,
Portugal; "¥Department of Gastroenterology and Hepatology, Hospital Universitario Ramén y Cajal, Instituto Ramdn y Cajal de
Investigacion Sanitaria, Centro de Investigacion Biomédica en Red de Enfermedades Hepaticas y Digestivas, Universidad de
Alcald, Madrid, Spain; 75F?oyal Free Unit for Endoscopy, Royal Free London National Health Service Foundation Trust, London,
United Kingdom; and "®University College London Institute for Liver and Digestive Health, London, United Kingdom

Underwater EMR versus conventional EMR for superficial non-
ampullary duodenal epithelial tumors in the Western setting

—> | 89(30.7%) U-EMR | > -

v’ comparable technical

Retrospective % Mixed-cffocts . success
multinational L logistic |°W§f rate of OV!t%ra"
. S regression adverse events
study —>| 290 lesions models —-> v lower rate of
(10 European 7414 (propensity residual/recurrent
centers) 7 i score) adenoma

(

Regardless of lesion size
(< or >20 mm)

— \ 201 (69.3%) C-EMR \

Clinical Gastroenterology

and Hepatology

SAuthors share co-senior authorship.

Abbreviations used in this paper: AE, adverse event; C-EMR, con-
ventional endoscopic mucosal resection; EMR, endoscopic mucosal
resection; ER, endoscopic resection; IPB, intraprocedural bleeding;
IQR, interquartile range; OR, odds ratio; PPB, postprocedural bleeding;
PS, propensity score; RRA, residual/recurrent adenoma; SE1, first
surveillance endoscopy; SE2, subsequent surveillance endoscopy;

SNADET, superficial nonampullary duodenal epithelial tumor; TMA,
thermal margin ablation; U-EMR, underwater endoscopic mucosal
resection.

© 2024 by the AGA Institute
1542-3565/$36.00
https://doi.org/10.1016/j.cgh.2024.05.011

Downloaded for Anonymous User (n/a) at University of Porto from ClinicalKey.com by Elsevier on September 25,
2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.



2 Morais et al

Clinical Gastroenterology and Hepatology Vol. m, Iss. m

Conventional endoscopic mucosal resection (C-EMR) is established as the primary treatment
modality for superficial nonampullary duodenal epithelial tumors (SNADETSs), but recently
underwater endoscopic mucosal resection (U-EMR) has emerged as a potential alternative. The
majority of previous studies focused on Asian populations and small lesions (<20 mm). We
aimed to compare the efficacy and outcomes of U-EMR vs C-EMR for SNADETs in a Western

This was a retrospective multinational study from 10 European centers that performed both
C-EMR and U-EMR between January 2013 and July 2023. The main outcomes were the technical
success, procedure-related adverse events (AEs), and the residual/recurrent adenoma (RRA)
rate, evaluated on a per-lesion basis. We assessed the association between the type of endo-
scopic mucosal resection and the occurrence of AEs or RRAs using mixed-effects logistic
regression models (propensity scores). Sensitivity analyses were performed for lesions <20 mm

A total of 290 SNADETs submitted to endoscopic resection during the study period met the
inclusion criteria and were analyzed (C-EMR: n = 201, 69.3%; U-EMR: n = 89, 30.7%). The
overall technical success rate was 95.5% and comparable between groups. In logistic regression
models, compared with U-EMR, C-EMR was associated with a significantly higher frequency of
overall delayed AEs (odds ratio [OR], 4.95; 95% CI, 2.87-8.53), postprocedural bleeding (OR,
7.92; 95% CI, 3.95-15.89), and RRAs (OR, 3.66; 95% CI, 2.49-5.37). Sensitivity analyses
confirmed these results when solely considering either small (<20 mm) or large (>20 mm)

BACKGROUND & AIMS:

setting.
METHODS:

or >20 mm.
RESULTS:

lesions.
CONCLUSIONS:

Compared with C-EMR, U-EMR was associated with a lower rate of overall AEs and RRAs,
regardless of lesion size. Our results confirm the possible role of U-EMR as an effective and safe

technique in the management of SNADETS.

Keywords: Superficial Nonampullary Duodenal Epithelial Tumors; Underwater Endoscopic Mucosal Resection; Conven-

tional Endoscopic Mucosal Resection; Endoscopic Resection.

uperficial nonampullary duodenal epithelial tu-

mors (SNADETs) are rare, with an estimated
prevalence of 0.3% to 4.6% in patients referred to
esophagogastroduodenoscopy,” but the frequency of
their diagnosis appears to be increasing.

Because 30% to 85% of duodenal adenomas may
progress to malignancy, their surgical or endoscopic
removal is mandatory.” Pancreaticoduodenectomy is the
primary treatment for duodenal cancer but is associated
with significant morbimortality and is considered too
invasive for SNADETSs.? Therefore, endoscopic resection
(ER) has been established as the main treatment
modality.

Although cold-snare polypectomy should be per-
formed for small lesions (<5 mm), conventional endo-
scopic mucosal resection (C-EMR) wusually is
recommended for lesions >5 mm." Performing C-EMR
in the duodenum presents more significant technical
challenges than its execution in the colon owing to
various features (fibrous submucosal layer, rich vascu-
larity, and thin muscularis propria layer), which in-
crease the risk of adverse events (AEs).” In particular,
although perforation is relatively rare (=1%), post-
procedural bleeding (PPB) occurs in up to 12%.°" In
large SNADETs (>20 mm), despite a lower rate of en
bloc resection and consequentially higher risk of

recurrence, piecemeal C-EMR is an appropriate treat-
ment." Endoscopic submucosal dissection achieves
higher rates of RO resections but is associated with an
increased risk of AEs (mostly perforation), even when
performed in specialized centers."” Recently, poten-
tially effective alternatives to C-EMR have emerged,
particularly underwater endoscopic mucosal resection
(U-EMR) and cold-snare endoscopic mucosal resection
(EMR)."”

As reported by Binmoeller et al® in 2013, duodenal U-
EMR implies an antigravity floating effect of the mucosa
and submucosa as a result of saline/water immersion
after air/CO; suctioning, with a reduced risk of muscular
propria entrapment within the snare and thermal
injury.® A systematic review did not show differences in
recurrence rates between U-EMR and C-EMR,7 despite a
higher en bloc resection rate and shorter procedure time
for lesions <20 mm in the former.® Nonetheless, most
studies focused on Asian populations and described only
U-EMR outcomes for SNADETs <20 mm.2'* Hence, the
potential benefits and drawbacks of U-EMR for both
Western populations and lesions >20 mm are yet to be
elucidated.

We aimed to compare the technical success, fre-
quency of AEs, and the RRA rate of U-EMR vs C-EMR for
SNADETSs in a Western setting.

Downloaded for Anonymous User (n/a) at University of Porto from ClinicalKey.com by Elsevier on September 25,
2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.
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Methods

Study Design, Patient Selection, and Data
Extraction

We conducted a retrospective analysis from 10 Eu-
ropean centers in Portugal, Spain, France, the United
Kingdom, and Italy that performed both C-EMR and U-
EMR for SNADET treatment. Patients consecutively un-
dergoing ER of SNADETs during a 10-year period
(January 2013-July 2023) were screened for eligibility.
Inclusion criteria were as follows: age >18 years and
SNADETs >10 mm removed by U-EMR or C-EMR.
Exclusion criteria were as follows: (1) major or minor
papilla involvement; (2) hybrid EMR procedures (com-
bination of different techniques); and (3) histopathologic
analysis revealing nondysplastic lesions after ER.

Retrospectively collected data were obtained from
electronic medical records.

Written informed consent was obtained before EMR.
The study was approved by the Ethics Committee from
the coordinating center (Centro Hospitalar Universitario
de Sdo Jodo, Porto, Portugal; reference 239/2023). The
study followed Strengthening the Reporting of Observa-
tional Studies in Epidemiology guidelines.”

Endoscopic Mucosal Resection Technique and
Histopathologic Analysis

All procedures were performed by senior endo-
scopists trained in duodenal EMR (all with >30 pro-
cedures at the time of data collection and with a range of
10 to 15 procedures per year on average)/advanced
trainees (Supplementary Figure 1 and Supplementary
Video).

Technical details of the EMR procedures/histopatho-
logic analysis are described in Supplementary Table 1.

The first surveillance endoscopy (SE1) was per-
formed within 3 to 12 months after ER according to local
center protocol. Subsequent endoscopic surveillance
(SE2) was tailored to the presence of residual/recurrent
adenoma (RRA) at SE1, as well as the patient’s baseline
characteristics and comorbidities.

Study Outcomes

The main outcome was the RRA rate, evaluated on a
per-lesion basis. Additional outcomes included technical
success and procedure-related AEs.

Overall RRA was defined as the presence of adeno-
matous tissue in the EMR scar at SE1 and/or SE2,
confirmed by histologic evaluation of endoscopic
biopsy specimens. Lesions with endoscopic evidence of
recurrence but without further histopathologic confir-
mation after endoscopic resection were considered as
nonrecurrent.

Underwater EMR Vs Conventional EMR 3

What You Need to Know

Background

Superficial nonampullary duodenal epithelial tumors
(SNADETSs) are rare, but endoscopic resection is
challenging. This study compared underwater
endoscopic mucosal resection (U-EMR) vs conven-
tional endoscopic mucosal resection (C-EMR) for the
management of SNADETs in the Western setting.

Findings

Compared with C-EMR, U-EMR was associated with
comparable technical success but a lower rate of
overall adverse events and residual/recurrent ade-
nomas, regardless of lesion size.

Implications for patient care

Our study confirms the role of U-EMR as a safe and
effective alternative to C-EMR in the management of
SNADETs (including large lesions >20 mm).

Technical success was defined as the complete
removal of all macroscopically visible tissue during the
index EMR.

Intraprocedural bleeding (IPB) was defined as
persistent bleeding requiring endoscopic hemostasis.
Delayed AEs were eligible if they occurred within 30
days after the index EMR. PPB was defined as clinically
significant bleeding (hematemesis, melena, or hemoglo-
bin decrease >2 g/dL) resulting in an emergency
department visit, admission, or intervention (endoscopy,
angioembolization, surgery).'® Overall AEs included the
occurrence of periprocedural and/or delayed AEs.

Statistical Analysis

Categoric variables were described as absolute and

relative  frequencies. Continuous variables were
described using means and SDs or median and inter-
quartile range (IQR). Continuous variables were

compared using the Student t or Mann-Whitney tests,
whereas chi-square or Fisher exact tests were used for
categoric variables. For variables with missing data, no
imputation methods were applied.

We assessed the association between the type of EMR
and the occurrence of RRA or AEs using mixed-effects
logistic regression models. In particular, we built logistic
regression models (1) having either AEs (overall, delayed
AEs, IPB, PPB), defect closure or RRA as the dependent
variable, (2) considering the type of EMR as the inde-
pendent variable, and (3) considering the center in which
EMR was performed as a random effect. For each
dependent variable, we built unadjusted and adjusted
regression models. In adjusted models, the inverse
probability of treatment weighting using the propensity
score (PS) was applied to balance exposure groups for
baseline characteristics (ie, to account for a set of
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potential confounders). For models for which the depen-
dent variable consisted of AEs or defect closure, PSs were
built for the independent variable using multivariable
logistic regression models and including—as cova-
riates—sex, age, use of antiplatelet agents, use of antico-
agulant agents, lesion size, lesion site, and whether the
lesion was naive. For models having the presence of RRA
as the dependent variable, covariates for the PS models
included the histopathology results, the lesion site and
size, whether there was a hereditary gastrointestinal
cancer syndrome, and whether the lesion was naive.
Sensitivity analyses were performed for lesions <20 mm
or >20 mm. An additional analysis in both models was
performed, including the year of the procedure as a co-
variate when building the PSs.

A mediation analysis was performed to assess
whether an eventual association between the type of
EMR and the occurrence of AEs could be explained in
part by differences in the occurrence of defect closure.
For this mediator, we calculated the average causal
mediation effects (indirect effect of the type of EMR on
the outcome variable that is mediated through the
mediator), and the proportion of the effect of the type of
EMR on the outcome variable that goes through the
mediator. A quasi-Bayesian approximation was applied
for ClIs, with obtention of 1000 simulations.

Overall recurrence-free survival was estimated using
the Kaplan-Meier method, and the differences among U-
EMR and C-EMR were assessed using the log-rank test.

A P value less than .05 was set as the threshold for
statistical significance. Statistical analysis was conducted
with the support of IBM SPSS Statistics version 29 and R
(version 4.3.1).

Results

Between January 2013 and July 2023, 331 SNADETSs
underwent ER in 10 European centers; 290 (87.6%) met
the inclusion criteria and were analyzed further
(Figure 1). U-EMR was performed in 89 (30.7%) patients
and 201 (69.3%) underwent C-EMR.

Patient and Lesion Baseline Characteristics

Patient and lesion baseline characteristics are
described in Table 1. The median age was 68 years (IQR,
55-73 y) and 61% were male. There were no significant
differences between groups regarding the use of antith-
rombotic agents. Hereditary gastrointestinal cancer
syndrome was present in 29.3%, and was more frequent
in the C-EMR group (33.3% vs 20.2%; P < .001). Most
lesions (n = 280; 96.6%; 96.6% U-EMR vs 96.5% C-EMR;
P = .962) were naive and similar between groups
regarding size, location, and morphology. The median
lesion size was 20 mm (IQR, 13-30 mm) and 42.4%
(n = 123) of lesions were >20 mm (39.3% U-EMR vs
43.8% C-EMR; P = .521).

Clinical Gastroenterology and Hepatology Vol. m, Iss. m

Histopathologic Results

Most of the lesions showed low-grade dysplasia
(n = 197; 67.9%). There was a significant difference in
the distribution of histopathologic results, with 9 cases of
adenocarcinoma diagnosed in the C-EMR group vs no
cases in the U-EMR group (Supplementary Table 2).

Endoscopic Mucosal Resection Procedure

En bloc resection was achieved in 37.9% (41.6% U-
EMR vs 36.3% C-EMR; P = .432). Most lesions >20 mm
were removed by piecemeal resection (92.7%).

The overall technical success rate was 95.5% and
comparable between groups (97.8% U-EMR vs 94.5%
C-EMR; P = .221) (Table 2). Partial submucosal injection
U-EMR was used in 13 U-EMR cases (14.6%). Thermal
margin ablation (TMA) was performed in 99 patients
(34.1%; 28.1% U-EMR vs 36.8% C-EMR; P = .179).
Complete or partial defect closure was performed in
70% (76.4% U-EMR vs 67.2% C-EMR; P = .221).

Procedure-Related Adverse Events and Clinical
Outcomes in the Follow-Up Evaluation

Procedure-related AEs and clinical outcomes in the
follow-up evaluation are described in Tables 3 and 4,
respectively. Logistic regression analysis for evaluation
of the association between the ER technique and out-
comes (AEs and RRA), without or with adjustment for
the year of the procedure, are described in Table 5 and
Supplementary Table 3, respectively.

Adverse events. The overall AE rate was 21.0%, and
was higher in the C-EMR group (25.4% vs 11.2%;
P = .007), which persisted in the logistic regression
models (odds ratio [OR], 5.04; 95% CI, 3.37-7.53).

The rate of periprocedural AEs was not statistically
different between groups (C-EMR, 13.9%; U-EMR, 6.7%;
P = .112). A total of 6 immediate perforations (2.1%)
were reported (n = 5, 2.5% C-EMR; n = 1, 1.1% U-EMR;
P = .452). After adjustment for potential confounders,
C-EMR was associated with a significantly higher fre-
quency of IPB (OR, 4.40; 95% CI, 2.51-7.71) and a lower
frequency of defect closure (OR, 0.45; 95% (I,
0.31-0.64).

The frequency of overall delayed AEs was higher in
the C-EMR group (13.9% vs 4.5%; P = .024), including
a significantly higher rate of PPB (10.9% vs 2.2%;
P = .011), although without significant differences
regarding the rate of delayed perforations (3.0% C-EMR
vs 1.1% U-EMR; P = .341) or the need for inpatient
admission. In logistic regression models, C-EMR was
associated with a significantly higher frequency of
overall delayed AEs (OR, 4.95; 95% CI, 2.87-8.53) and
PPB (OR, 7.92; 95% CI, 3.95-15.89).

The results of logistic regression models with
adjustment for the year of the procedure were consistent
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Figure 1.Study flowchart.
EGD, esophagogas-
troduodenoscopy; ER, endo-
scopic resection; SNADET,
superficial nonampullary
duodenal epithelial tumor.
*Underwater-conventional-
endoscopic mucosal resec-
tion n = 4; Underwater-cold
snhare-endoscopic mucosal
resection n = 2; Underwater-
conventional-cold share-
endoscopic mucosal resec-
tion:n=1.

with those reported previously, albeit with a lower es-

timate precision.

In the mediation analysis, no significant association
was observed for the possibility that, in the U-EMR
group, the lower frequency of AEs could be mediated in
part by a higher frequency of defect closure (average

Underwater EMR Vs Conventional EMR 5

331 SNADETs
analyzed

41 (12.4%) excluded:

- 21 cold-snare
endoscopic mucosal
resection

- 7 Hybrid-endoscopic
mucosal resection*
- 13 non-dysplastic

lesions

290 SNADETs
included

Underwater
endoscopic

89 (30.7%)

mucosal resection

No follow-up EGD
17 (19.1%)

Follow-up EGD
72 (80.9%)

[

Conventional

resection
201 (69.3%)

endoscopic mucosal

No follow-up EGD
35 (17.4%)

Follow-up EGD
166 (82.6%)

[

. . No residual . . No residual
Residual lesion lesion 65 Residual lesion lesion 138
0, 0,
7 (9.7%) (90.3%) 28 (16.9%) (83.1%)
Lost to follow-up Residual lesion in Lost to follow- Residual lesion
| P the follow-up 4 — up after ER9 in the follow-up
after ER 3 (42.9%) (6.2%) (32.1%) 2 (1.4%)
No residual lesion L No residual No residual L No residual
— after ER 3 lesion after ER 4| | lesion after ER lesion after ER 2
(42.9%) (100%) 17 (60.7%) (100%)
Persistent Persistent
L recurrence after L{recurrence after
ER 1 (14.2%) ER 2 (7.1%)

causal mediation effects, -0.01; proportion of mediated
effects, -2%; P = .21).
During follow-up evaluation, 1 patient died of a

procedure-related AE (delayed perforation after C-EMR)

and 1 patient died of oncological progression of the resected
lesion (adenocarcinoma pT1b RO with vascular invasion).
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Table 1. Baseline Patient and Lesion Characteristics

Clinical Gastroenterology and Hepatology Vol. m, Iss. m

Underwater endoscopic

Conventional endoscopic

mucosal resection mucosal resection

Total (n = 290) (n=89) (n = 201) P value
Patient characteristics
Sex, n (%) 297
Female 113 (39.0) 39 (43.8) 4 (36.8)
Male 177 (61.0) 50 (56.2) 127 (63.2)
Age, median (IQR), y 8 (55-73) 70 (60-74) 7 (63-73) .025
Antiplatelet drug, n (%) 4 (15.2) 15 (16.9) 9 (14.4) .598
Anticoagulant drug, n (%) 9 (10.0) 9 (10.1) 0 (10.0 .966
Hereditary gastrointestinal <.001
cancer syndrome, n (%)
No 205 (70.7) 71 (79.8) 134 (66.7)
FAP 79 (27.3) 13 (14.6) 66 (32.8)
Lynch syndrome 3(1.0) 3 (3.4) 0(0)
Other 3(1.0 2 (2.2 1(0.5)
Lesion characteristics
Previous resection attempt, n (%) .962
No 280 (96.6) 86 (96.6) 194 (96.5)
Yes 10 (3.4) 3 (3.4) 7 (3.5)
Lesion size, median (IQR), 20.0 (13.0 - 30.0), 10-80 17.0 (12.0 - 30.0), 10-70 20.0 (14.0 - 30.0), 10-80 .662
minimum-maximum, mm
Lesion size >20 mm, n (%) 123 (42.4) 35 (39.3) 88 (43.8) .521
Lesion location, n (%) .189
Duodenal bulb 28 (9.7) 8 (9.0 20 (10.0)
Bulb-DII transition 20 (6.9) 2 (2.2) 18 (9.0)
DIl (proximal to the papilla) 134 (46.2) 41 (46.1) 93 (46.2)
DIl (distal to the papilla) 102 (35.2) 37 (41.6) 65 (32.3)
DIl 6 (2.0) 1(1.1) 5 (2.5)
Laterally spreading tumor .617
classification, n (%)*
Granular 77 (44.3) 21 (40.4) 56 (45.9)
Non-granular 97 (65.7) 31 (59.6) 66 (54.1)
Paris classification, n (%)° .318
Is 50 (22.0) 13 (18.6) 37 (23.5)
lla 135 (59.5) 38 (54.2) 97 (61.8)
Iib 4 (1.8) 3 (4.3 1 (0.6)
lla+IIb 6 (2.6) 3 (4.3 3(1.9)
lla+llc 22 (9.7) 9 (12.9) 13 (8.3)
lla+ls 6 (2.6) 3 (4.3 3 (1.9
Is+lla+llc 4(1.8) 1(1.4) 3(1.9)
Histopathologic results, n (%) .037
Low-grade dysplasia 197 (67.9) 68 (76.4) 129 (64.2)
High-grade dysplasia 84 (29.0) 21 (23.6) 63 (31.3)
Adenocarcinoma 9 (3.1) 0 (0) 9 (4.5)

NOTE. Bold entire relate to a P value that is statistical significant.

DIl, second part of the duodenum; DIl, third part of the duodenum; FAP, familial adenomatous polyposis; IQR, interquartile range.

“Missing data for 116 patients (40.0%).
PMissing data for 63 patients (21.7%).

Residual/recurrent adenomas. Approximately 80% of
lesions from both groups had proper endoscopic follow-
up evaluation (U-EMR 80.9% vs C-EMR 82.6%; P = .742;
biopsy specimens from the resection site: U-EMR 19.4%
vs C-EMR 20.5%; P = .855) (median, 25 mo [IQR, 10-46
mo]; U-EMR, 12 mo [IQR, 8-27 mo) vs C-EMR 33 mo
[IQR, 14-50 mo]; P < .001). In the unadjusted analysis,
the RRA rate in the SE1 was 14.7%, with no significant
differences between the C-EMR and U-EMR groups
(16.9% vs 9.7%; P = .169). In 6 patients (2.5%) (n = 2,
C-EMR 1.2%; n = 4, U-EMR 5.6%; P= .070), there was

evidence of recurrence after an initially negative SE1. At
the end of the follow-up evaluation, the overall RRA rate
was 17.2%, with no significant differences between
groups (P = .710).

There were no significant differences between the 2
techniques regarding recurrence-free survival (U-EMR
59 £ 4 mo vs C-EMR 93 + 4 mo; P = .970)
(Supplementary Figure 2).

In logistic regression models, C-EMR was found to be
associated with an increased frequency of RRA compared
with U-EMR (OR, 3.66; 95% CI, 2.49-5.37). These results
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Table 2. Procedure-Related Data and Technical Success

Underwater EMR Vs Conventional EMR 7

Underwater endoscopic

Conventional endoscopic

Total (n = 290) mucosal resection (n = 89) mucosal resection (n = 201) P value
Removal, n (%) 432
En bloc 110 (37.9) 37 (41.6) 73 (36.3)
Piecemeal 180 (62.1) 2 (58.4) 128 (63.7)
Thermal margin ablation, n (%) 99 (34.1) 5 (28.1) 74 (36.8) 179
Snare tip soft coagulation 87 (30.0) 4 (27.0) 63 (31.3)
Argon plasma coagulation 12 (4.1) 1(1.1) 11 (6.5)
Technical success, n (%) 277 (95.5) 7 (97.8) 190 (94.5) 221
Defect closure, n (%) .221
No 87 (30.0) 21 (23.6) 66 (32.8)
Yes (total) 186 (64.1) 61 (68.5) 125 (62.2)
Yes (partial) 17 (5.9) 7 (7.9 10 (5.0)
Closure technique, n (%) .884
Through-the-scope clips 198 (97.5) 6 (97.0) 132 (97.8)
Band + clips 3 (1.5 1(1.5) 2(1.5)
Over-the-scope clip 2(1.0 1(1.5 1(0.7)

also were observed in models adjusting for the year of
the procedure.

Sensitivity Analyses of Lesions by 20-mm Cut-
Off Value

In lesions >20 mm, no differences were found
regarding the rate of technical success (97.1% U-EMR
vs 89.8% C-EMR; P = .177), but TMA was performed
more frequently in the C-EMR group (56.8% vs 37.1%
U-EMR; P = .049) (Supplementary Table 4). In logistic
regression analysis, C-EMR was associated with a
higher rate of overall AEs (OR, 2.48; 95% CI,
1.55-3.95), IPB (OR, 2.98; 95% CI, 1.76-5.04), and

Table 3. Procedure-Related Adverse Events

RRAs (OR, 1.37; 95% CI, 1.04-1.81), as well as with a
lower frequency of defect closures (OR, 0.12; 95% CI,
0.04-0.35).

In logistic regression analysis concerning lesions
<20 mm, C-EMR was associated with a higher rate
of overall AEs (OR, 10.03; 95% CI, 5.92-16.98) and
RRAs (OR, 16.59; 95% CI, 4.85-56.78), but a lower
frequency of defect closures (OR, 0.28; 95% (I,
0.17-0.45).

Management of Residual/Recurrent Adenomas

The management and outcomes after diagnosis of the
first RRA are described in Supplementary Table 5. At the

Underwater endoscopic

Conventional endoscopic

Total (n = 290) mucosal resection (n = 89) mucosal resection (n = 201) P value

Overall adverse events, n (%) 61 (21.0)
Periprocedural adverse events, n (%) 34 (11.7)
Intraprocedural bleeding 30 (10.3)
Perforation 6 (2.1)
Anesthesia complications® 0 (0)
Delayed adverse events, n (%) 32 (11.0)
Postprocedural bleeding 24 (8.3)
Perforation 7 (2.4)
Postpolypectomy coagulation syndrome 3(1.0)
Stricture® 2(0.7)
Admission to ward, n (%)
No 241 (83.1)
Programmed 42 (14.5)
Urgent 7 (2.4)

10 (11.2) 51 (25.4) .007
6 (6.7) 28 (13.9) 112
6 (6.7) 24 (11.9) 214
1(1.1) 5 (2.5) 452
0 (0) 0(0) =
4 (4.5) 28 (13.9) .024
222 22 (10.9) 011
1(1.1) 6 (3.0) 341
0 (0) 3(1.5) 247
1(1.1) 1 (0.5) 552

331

70 (78.7) 171 (85.1)

17 (19.1) 25 (12.4)

222 5 (2.5)

NOTE. Bold entire relate to a P value that are statistical significant (<.05).
Includes aspiration pneumonia.
PMild (resistance to successful passage of the gastroscope), n = 2.
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Table 4. Clinical Outcomes in the Follow-Up Evaluation

Clinical Gastroenterology and Hepatology Vol. m, Iss. m

Underwater endoscopic

Conventional endoscopic

Total (n = 238) mucosal resection (n = 72) mucosal resection (n = 166) P value

Residual/recurrent adenoma in SE1, n (%) 35 (14.7) 709.7) 28 (16.9) 169

Residual/recurrent adenoma in the 6 (2.5) 4 (5.6) 2(1.2) .070
follow-up evaluation, n (%)

Overall RRA, n (%) 41 (17.2) 11 (15.3) 30 (18.1) .710

RRA, residual/recurrent adenoma; SE1, first surveillance endoscopy.

end of the follow-up evaluation, 3 patients (1 from the U- Discussion

EMR group, 2 from the C-EMR group) had persistent
RRA. One patient was referred for surgical resection, and
the remaining patients underwent surveillance because
of age/comorbidities.

Table 5. Logistic Regression Analysis for Evaluation of the
Association Between the Endoscopic Resection
Technique and Outcomes (Adverse Events and
Residual Lesion in the Follow-Up Period)

OR (95% CI)y? P value
All lesions
Adverse events
Overall adverse events 5.04 (3.37-7.53) <.001
Intraprocedural bleeding 4.40 (2.51-7.71) <.001
Defect closure 0.45 (0.31-0.64) <.001
Delayed complications 4.95 (2.87-8.53) <.001
Postprocedural bleeding 7.92 (3.95-15.89) <.001
Residual/recurrent adenoma
Overall residual/recurrent 3.66 (2.49-5.37) <.001
adenoma
Lesions <20 mm
Adverse events
Overall adverse events 10.03 (5.92-16.98) <.001
Intraprocedural bleeding® - -
Defect closure 0.28 (0.17-0.45) <.001
Delayed complications” - -
Postprocedural bleeding® - -
Residual/recurrent adenoma
Overall residual/recurrent 16.59 (4.85-56.78) <.001
adenoma
Lesions >20 mm
Adverse events
Overall adverse events 2.48 (1.55-3.95) <.001
Intraprocedural bleeding 2.98 (1.76-5.04) <.001
Defect closure 0.12 (0.04-0.35) <.001
Delayed complications 2.06 (0.45-9.38) .349
Postprocedural bleeding® - -
Residual/recurrent adenoma
Overall RRA 1.37 (1.04-1.81) .026

NOTE. Sensitivity analyses according to lesion size (<20 mm and >20 mm)
were performed. Bold entire relate to a P value that are statistical significant
(<.05).

OR, odds ratio; RRA, residual/recurrent adenoma.

“The results translate C-EMR vs U-EMR.

PThere was an insufficient number of events per group and therefore it was not
possible to be computed.

This study aimed to compare the clinical outcomes of
U-EMR vs C-EMR in patients with SNADET within a large
multinational Western cohort. Our results showed no
significant differences regarding technical success but a
significantly lower rate of AEs and RRA with U-EMR,
after adjustment for potential confounders.

Three meta-analyses, including patients from Asian
centers, found no significant differences in recurrence
rate between U-EMR and C-EMR.”®'” However, Lv et al®
hypothesized that these results might be attributable to
the low number of studies and recurrent cases. In our
study, we tried to follow similar selection criteria to
previous Asian studies, namely by excluding nondys-
plastic lesions, but we ultimately decided to include le-
sions in patients with hereditary gastrointestinal cancer
syndromes (ensuring adequate weighing between
groups with the PS) and lesions with previous resection
attempts, to enhance the clinical generalizability in the
Western setting. This may explain the differences found
between U-EMR and C-EMR in our study. This study
showed a lower RRA rate for U-EMR compared with C-
EMR in the duodenum. It is important to note that the
overall RRA in our study was higher than those from
Asian studies (17.2% vs 2.18%-2.78%).”"” Moreover, as
previously observed, most published literature has
focused on lesions <20 mm. The inclusion of larger le-
sions also may explain, to some extent, our results.
Nevertheless, a sensitivity analysis found that the RRA
rate remained significantly higher with C-EMR compared
with U-EMR for lesions either <20 mm or >20 mm.

Most lesions >20 mm had piecemeal resection, pre-
viously identified as an independent risk factor for local
recurrence or residual disease.'® Therefore, an Austra-
lian study proposed TMA after C-EMR and showed a
significant reduction in the recurrence rate with similar
AEs."” Although it could be argued that, in our study,
TMA after C-EMR was not performed in a large number
of patients and that may pose relevant bias, it is impor-
tant to highlight that for lesions >20 mm, TMA was
performed less frequently in the U-EMR group.

A recent study proposed using partial submucosal
injection U-EMR to achieve a higher en bloc resection
rate compared with standard U-EMR.” Our study only
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used it in 14.6% of the cases. This technique, together
with TMA, should be addressed in future studies because
it may contribute to even lower rates of RRA.

Previous meta-analyses showed no differences be-
tween U-EMR and C-EMR regarding AEs.”® However, in
our study, the U-EMR group had a significantly lower
rate of overall AEs, IPB, and delayed complications
(particularly PPB) when compared with C-EMR. These
differences were maintained after adjustment for po-
tential confounders. Bleeding has been reported as the
most common AE of C-EMR.?' The differences between
U-EMR and C-EMR were most pronounced for PPB;
although the rate of PPB in the U-EMR group was com-
parable with previously reported results from Asian
studies (2.2% vs 0%-8.5%),” it was higher than expected
in the C-EMR group. Once again, the inclusion of lesions
>20 mm partially may explain these differences because
they are associated with a higher rate of AEs, even when
preventive endoscopic measures are used.”> A meta-
analysis including 438 patients reported that patients
who had undergone defect closure were 86% less likely
to develop PPB.”* Indeed, after adjusting for cofounders,
U-EMR was associated more frequently with defect
closure even in lesions >20 mm, which may explain the
lower rate of PPB in the U-EMR group (even though re-
sults were not significant in mediation analysis; this may
be in relation to the small number of events). By
ensuring greater stability of the muscle layer, U-EMR
may facilitate defect closure. This also may be associated
with a lower risk of delayed perforation, although we did
not observe differences regarding this AE.

Most of the literature only describes the use of U-EMR
for adenomas <20 mm.®'* In our study, U-EMR was
performed in 35 lesions >20 mm. Besides the lower rate
of overall AEs and RRA, no significant differences
regarding technical success were observed when
compared with C-EMR. Although more studies are
necessary to establish the role of U-EMR in the man-
agement of large SNADETS, our results show that it may
be a promising, effective, and safe alternative to C-EMR,
as initially suggested by Binmoeller et al.®

Our study had some limitations that were inherent to
the study design. First, indication biases should be noted,
resulting from the fact that the decision to perform U-
EMR or C-EMR was left to the subjective decision of each
endoscopist. Therefore, relevant confounders may be
distributed unequally between groups. To ensure an
adequate comparison regarding study outcomes
(namely, rates of AEs and RRA), we used regression
models based on PS, adjusting for potential cofounders
such as participant center, histopathology grading, and
lesion characteristics. We also conducted a sensitivity
analysis adjusting for the year of the procedure (to avoid
time period bias), with the results being comparable with
those without adjustment for this variable. However, we
cannot exclude the possibility of relevant residual con-
founding by unmeasured variables. Despite being one of
the largest series on this topic, another limitation was the

Underwater EMR Vs Conventional EMR 9

reduced sample size in some subgroups (eg, >20 mm),
leading to lower precision estimates or the impossibility
of performing some analyses. Finally, some patients had
a short follow-up time or were lost before SE1. In the
recurrence analysis, we only included lesions with a
histopathologically proven RRA. Scars without endo-
scopic evidence of RRA did not undergo a biopsy uni-
versally, which could have led to an underestimation of
the actual rate of histologic RRA and partially may
explain the relevant number of cases that had evidence
of RRA at SE2, after an apparently negative SE1.

Nevertheless, our study had strengths that should be
highlighted. This study compared U-EMR and C-EMR for
the management of SNADETs in the Western setting,
with well-defined inclusion and exclusion criteria. On the
other hand, when considering the available data, it is one
of the few studies that addresses the possible role of U-
EMR as an effective and safe technique in the manage-
ment of large SNADETS.

In conclusion, C-EMR and U-EMR had similar tech-
nical success, but U-EMR was associated with a lower
rate of overall AEs and RRA, regardless of lesion size.
With the advent of other techniques, such as endoscopic
submucosal dissection and cold-snare EMR, further
studies should be conducted to define the role of U-EMR
and other ER techniques more precisely in the tailored
management of SNADETSs.

Supplementary Material

To access the supplementary material accompanying
this article, visit the online version of Clinical Gastroen-
terology and Hepatology at www.cghjournal.org, and at
https://doi.org/10.1016/j.cgh.2024.05.011.
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Supplementary Figure 2. Recurrence-free survival in the follow-up period according to the performed technique. C-EMR,
conventional endoscopic mucosal resection; U-EMR, underwater endoscopic mucosal resection.

Supplementary Table 1. Technical Details of the EMR Procedures and Histopathologic Analysis

U-EMR C-EMR
Antithrombotic agents Were withheld in accordance with established ESGE guidelines at the index procedure.’*
Sedation In patients without significant comorbidities (ASA I-Il) and no complex lesions, the procedure was

performed under deep sedation with propofol, without endotracheal intubation.

In patients with significant comorbidities (ASA Ill-IV) and/or complex lesions (with an expected longer
duration), especially in whom U-EMR was programmed, the procedures were performed under general
anesthesia with endotracheal intubation.

Endoscopes Gastroscopes, pediatric colonoscopes, or duodenoscopes were used, according to the endoscopist’s
preference.

Lesion evaluation All lesions were evaluated systematically with high-definition endoscopes using white-light and virtual
chromoendoscopy. When available, electronic magnification was performed.

Caps Transparent caps were used systematically.

Submucosal injection Partial submucosal injection was performed as an adjunctive Submucosal injection was saline,
technique at the endoscopist’s discretion. methylene blue, and diluted

epinephrine in most cases.
Snare All procedures (conventional or underwater EMR) were performed with a braided or monofilament snare using

electrocautery energy.

Thermal margin ablation Thermal margin ablation, either by argon plasma coagulation or snare-tip soft coagulation, was performed at
the endoscopist’s discretion.

Histopathologic analysis Resected specimens were retrieved and evaluated by a board-certified pathologist. Whenever incomplete or
incongruent pathologic data were noticed in the report, the center was contacted, and a re-evaluation of
the histologic specimen was performed.

ASA, American Society of Anesthesiologists; C-EMR, conventional endoscopic mucosal resection; ESGE, European Society of Gastrointestinal Endoscopy; U-
EMR, underwater endoscopic mucosal resection.
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Supplementary Table 2. Subanalysis of Adenocarcinoma

Cases
n=29

Procedure-related adverse events®
Overall adverse events 4 (44.4)
Periprocedural adverse events, n (%) 1(11.1)

Intraprocedural bleeding 0(0)

Perforation 1(11.1)

Anesthesia complications” 0 (0)
Delayed adverse events, n (%) 3 (33.3

Postprocedural bleeding 3 (33.3)

Perforation 0 (0)

Postpolypectomy coagulation syndrome 0(0)

Stricture 0 (0)

Histopathologic analysis
Staging, T, n (%)

Tis 5 (55.6)

pTia 2 (22.2)

pTib 2 (22.2)
Staging, N, n (%)

NO 0 (0)
Staging, M, n (%)

MO 0 (0)
Lymphatic invasion, n (%) 0 (0)
Venous invasion, n (%) 1(11.1)
Perineural invasion, n (%) 0 (0)
Vertical margin, n (%)

Negative 9 (100)

Positive 0 (0)
Horizontal margin, n (%)

Negative 5 (55.6)

Positive 4 (44.4
RO resection, n (%)

Yes 4 (44.4)

Piecemeal resection 5 (55.6)

Outcomes in the follow-up period
Decision after EMR, n (%)

Watchful waiting 9 (100)
Recurrence in the follow-up period, n (%)

No 7 (77.8)

Yes® 2 (2.2

EMR, endoscopic mucosal resection.

ALesions with adenocarcinoma were not associated significantly with a higher
incidence of overall adverse events (44.4% vs 20.3% lesions without adeno-
carcinoma; P = .080) but were associated significantly with a higher incidence
of postprocedural bleeding (33.3% vs 7.5%; P = .006).

PIncludes aspiration pneumonia.

°One patient died of oncological progression of a duodenal adenocarcinoma.
One patient had evidence of recurrence that was submitted to conventional
endoscopic mucosal resection with curative resection, with no evidence of
oncological progression in the follow-up period.

Clinical Gastroenterology and Hepatology Vol. m, Iss. m

Supplementary Table 3. Logistic Regression Analysis
(Adjusted for the Year of the
Procedure) for Evaluation of the
Association Between the
Endoscopic Resection Technique
and Outcomes (Complications and
Residual Lesion in the Follow-Up

Period)
OR (95% CI)? P value
All lesions
Adverse events
Overall AEs 9.16 (5.42-15.49) <.001
Intraprocedural bleeding 9.41 (4.44-19.93) <.001
Defect closure 0.34 (0.21-0.54) <.001
Delayed complications 9.09 (4.30-19.23) <.001
Postprocedural bleeding 13.00 (5.22-32.37) <.001
Residual/recurrent adenoma
Overall RRA 23.95 (20.46-28.03) <.001
Lesions <20 mm
Adverse events
Overall AEs 7.15 (3.09-16.53) <.001
Intraprocedural bleeding® - -
Defect closure 0.04 (0.02-0.10) <.001
Delayed complications” - -
Postprocedural bleeding” - -
Residual/recurrent adenoma
Overall RRA 16.38 (4.45-60.27) <.001
Lesions >20 mm
Adverse events
Overall AEs 3.75 (2.41-5.84) <.001
Intraprocedural bleeding 4.68 (2.85-7.67) <.001
Defect closure 0.12 (0.09-0.17) <.001
Delayed complications” - -
Postprocedural bleeding” - -
Residual/recurrent adenoma
Overall RRA 1.37 (1.16-1.63) <.001

NOTE. Sensitivity analyses according to lesion size (<20 mm and >20 mm)
were performed. Bold entire relate to a P value that are statistical significant
(<.05).

AE, adverse event; OR, odds ratio; RRA, residual/recurrent adenoma.

“The results translate C-EMR vs U-EMR.

bThere was an insufficient number of events per group and therefore it was not
possible to be computed.
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Supplementary Table 4. EMR Procedure and Main Outcomes in Lesions >20 mm

Total (n = 123) U-EMR (n = 35) C-EMR (n = 88) P value
EMR procedure

Removal, n (%) .736

En bloc 9 (7.3) 3(8.6) 6 (6.8)

Piecemeal 114 (92.7) 32 (91.4) 82 (93.2)
Thermal margin ablation, n (%) 3 (561.2) 13 (37.1) 50 (56.8) .049
Technical success, n (%) 113 91.9) 34 (97.1) 79 (89.8) A77
Defect closure, n (%)? 88 (71.5) 25 (71.4) 63 (71.6) .986

Adverse events

Overall AEs, n (%) 0 (32.5) 8 (22.9) 32 (36.4) .201
Periprocedural AEs, n (%) 2 (17.9) 5 (14.3) 17 (19.3) .609
Intraprocedural bleeding 9 (15.4) 5 (14.3) 14 (15.9) .822
Perforation 3 (2.4) 0 (0) 3 (3.4) .269
Delayed AEs, n (%) 3 (18.7) 3 (8.6) 20 (22.7) .078
Postprocedural bleeding 7 (13.8) 1(2.9 16 (18.2) .026
Perforation 5 4.1) 1.9 4 (4.5) .669
PPCS 3 (2.4) 0 (0) 3 (3.4) .269
Stricture 1 (0.8) 1(2.9) 0 (0) A1
Residual/recurrent adenoma
Total (n = 100) U-EMR (n = 29) C-EMR (n =71)
RRA in SE1, n (%) 23 (23.0) 5(17.2) 18 (25.4) .443
RRA in the follow-up period, n (%) 5 (5.0) 4 (13.8) 1(1.4) .010
Overall RRA, n (%) 28 (28) 9 (31.0) 19 (26.8) .806

NOTE. Bold entire relate to a P value that are statistical significant (<.05).

AE, adverse event; C-EMR, conventional endoscopic mucosal resection; PPCS, post-polypectomy coagulation syndrome; RRA, residual/recurrent adenoma; SE1,
first surveillance endoscopy; U-EMR, underwater endoscopic mucosal resection.

@Total or partial.

Supplementary Table 5. Management and Outcomes After Diagnosis of First Recurrence

Total (n = 41) U-EMR (n = 11) C-EMR (n = 30) P value

Size of residual lesion, median (IQR), mm 10 (5-20) 10 (5-12) 12 (5-20) 444
Endoscopic technique, n (%) .009

U-EMR 6 (14.6) 5 (45.4) 13.3)

C-EMR 16 (39.0) 3 (27.3) 13 (43.3)

CS-EMR 10 (24.3) 3(27.3) 7 (23.3)

APC 8 (19.5) 0 (0) 8 (26.8)

EFTR 1(2.4) 0 (0) 1(3.3)
Overall AEs, n (%) 5 (12.5) 2 (18.2) 3(10.0) 478
Histopathologic results, n (%) .022

LGD 25 (61.0) 11 (100.0) 14 (46.7)

HGD 6 (14.6) 0 (0) 6 (20.0)

Adenocarcinoma 1(2.4) 0 (0) 1 (3.3)

NA/specimen not recovered 9 (30.0) 0 (0) 9 (30.0)
Outcomes in the follow-up period, n (%)” .958

No residual lesion after ER 26 (63.4) 7 (63.6) 19 (63.3)

Persistent recurrence 3(7.3) 1(9.1) 2 (6.7)

Loss of follow-up evaluation 12 (29.3) 3 (27.3) 9 (30.0)

NOTE. Bold entire relate to a P value that are statistical significant (<.05).

AE, adverse event; APC, argon plasma coagulation; C-EMR, conventional endoscopic mucosal resection; CS-EMR, cold-snare endoscopic mucosal resection;
EFTR, endoscopic full-thickness resection; ER, endoscopic resection; HGD, high-grade dysplasia; IQR, interquartile range; LGD, low-grade dysplasia; NA,
nonapplicable; U-EMR, underwater endoscopic mucosal resection.

“More than 1 ER procedure was performed in 10 patients.
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ABSTRACT

Objective To evaluate the risk factors for lymph node
metastasis (LNM) after a non-curative (NC) gastric
endoscopic submucosal dissection (ESD) and to validate
and eventually refine the eCura scoring system in the
Western setting. Also, to assess the rate and risk factors
for parietal residual disease.

Design Retrospective multicentre multinational study
of prospectively collected registries from 19 Western
centres. Patients who had been submitted to surgery or
had at least one follow-up endoscopy were included.
The eCura system was applied to assess its accuracy

in the Western setting, and a modified version was
created according to the results (W-eCura score). The
discriminative capacities of the eCura and W-eCura
scores to predict LNM were assessed and compared.
Results A total of 314 NC gastric ESDs were analysed
(72% high-risk resection (HRR); 28% local-risk
resection). Among HRR patients submitted to surgery,
25% had parietal disease and 15% had LNM in the
surgical specimen. The risk of LNM was significantly
different across the eCura groups (areas under the
receiver operating characteristic curve (AUC-ROC) of
0.900 (95% CI 0.852 to 0.949)). The AUC-ROC of the W-
eCura for LNM (0.916, 95% C1 0.870 t0 0.961; p=0.012)
was significantly higher compared with the original
eCura. Positive vertical margin, lymphatic invasion and
younger age were associated with a higher risk of
parietal residual lesion in the surgical specimen.
Conclusion The eCura scoring system may be applied
in Western countries to stratify the risk of LNM after a
gastric HRR. A new score is proposed that may further
decrease the number of unnecessary surgeries.

INTRODUCTION
Gastric cancer is the fifth most common cancer and
the third cause of cancer-related deaths.! In the last

25,27
1,2,25

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Previous studies assessed the risk factors for
lymph node metastasis (LNM) after a non-
curative (NC) gastric endoscopic submucosal
dissection (ESD). The eCura score system was
created in Japan to aid in decision-making by
stratifying patients into low, intermediate and
high risk for LNM.

WHAT THIS STUDY ADDS

= No previous studies assessed the adequacy
of eCura score in the Western setting. This
study represents the largest Western cohort
on NC gastric ESD and it is the first to validate
the eCura system in the West. Furthermore,
we propose a modification of this score (the
Western-eCura score), according to the analysis
obtained in this cohort.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The W-eCura showed a higher accuracy than
the original eCura system. With this new score,
unnecessary surgeries may be avoided, while
maintaining a very high sensitivity. This could
be particularly helpful in high-risk surgical
patients.

two decades, endoscopic submucosal dissection
(ESD) emerged as the first-line treatment for early
gastric neoplasms with a low risk of lymph node
metastasis (LNM).” > Compared with gastrectomy
with lymphadenectomy, ESD is associated with
similar long-term outcomes but with lower proce-
dural time, risk of adverse events and costs and

BM)
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Table 1
data in the cohort (n=314)

Demographic, ESD and histopathological analysis-related

Demographics

Gender, n (%)
Female
Male
Age, median (IQR), minimum-maximum, years
Lesion characteristics
Location, n (%)
Antrum
Incisura
Body
Fundus
Cardia
Surgical anastomosis
Morphology n (%)
Polypoid
Non-polypoid, non-depressed
Depressed
Lesion size, median (IQR), mm
Previous resection attempt, n (%)
ESD procedure
Duration, median (IQR), minutes
Complementary techniques, n (%)
Hybrid ESD
Traction clip-line
Pocket creation method
En bloc resection, n (%)
Yes
Piecemeal
Histopathological analysis
Resection-risk classification, n (%)
Local-risk resection
High risk resection
Histology, n (%)
Low-grade dysplasia
High-grade dysplasia
Adenocarcinoma
Resection, n (%)
RO
R1
Rx
Horizontal margins, n (%)*
HMO
HM1
HMx
Histopathological analysis in adenocarcinoma casest
Vertical margins, n (%)
VMO
VM1
VMx
Adenocarcinoma staging, n (%)
pTla
pT1b(SM1/>SM1)

Exact extension of SM invasion, median (IQR), mm
Missing data, n (%)

Lesion size with SM invasion, median (IQR), mm

113 (36.0%)
201 (64.0%)
72 (65-79), 42-93

91 (29.0%)
89 (28.4%)
110 (35.1%)
3(1.0%)

20 (6.4%)
1(0.3%)

53 (16.9%)
89 (28.3%)
172 (54.8%)
26 (19-35)
3(1.0%)

90 (60-150)
49 (15.6%)
31(9.9%)
16 (5.1%)

2 (0.6%)

241 (76.8%)
73 (23.2%)

89 (28.3%)
225 (71.7%)

16 (5.1%)
38 (12.1%)
260 (82.8%)

134 (42.7%)
125 (39.8%)
55 (17.5%)

169 (70.1%)
67 (27.8%)
5(2.1%)

203 (78.1%)
44 (16.9%)
13 (5.0%)

83 (26.4%)

177 (56.4%)(39
(22.0%)/138 (78.0%))

1.0 (0.7-2.0)

50/177 (28.2%); >SM1
35/138 (25.4%)

6.5 (2.0-12.0)

Continued

Table 1  Continued
Demographics
Missing data, n (%) 74/177 (41.8%); >SM1
81/138 (58.7%)
Lymphatic invasion, n (%) 91 (35.0%)
Venous invasion, n (%) 39 (15.0%)
Perineural invasion, n (%) 9 (3.5%)
Ulceration, n (%) 61 (23.5%)
Missing data, n (%) 1 (0.4%)
Differentiation, n (%)
Poor 78 (30.0%)
Well/moderate 182 (70.0%)
Signet ring cells, n (%) 52 (20.0%)
Papillary component, n (%) 36 (13.8%)
Missing data, n (%) 1 (0.4%)
Mucinous adenocarcinoma, n (%) 10 (3.8%)
Missing data, n (%) 1(0.4%)

*Horizontal margins were evaluated in en-bloc removed lesions (n=241).
tn=260 cases.
ESD, endoscopic submucosal dissection.

The selection of patients for ESD is based on the size,
morphology, presence of ulceration and histology of the lesion.”?
Although endoscopic evaluation is the most accurate method
to predict curability, 15%-20% of ESDs are considered non-
curative (NC) after the evaluation of the resected specimen.’” '

When facing the undesired outcome of NC resection, physi-
cians and patients must decide whether further treatment
(surgery with lymphadenectomy) is required. For adequate
decision-making, an accurate estimation of the risk of pari-
etal recurrence and LNM, according to the adverse prognostic
factors, is paramount and needs to be balanced with surgical risk,
patient’s physical status and preference. Indeed, in some patients
(eg, advanced age and severe comorbidities), the recurrence risk
may be lower than the surgical risk and surveillance may be an
option, with similar disease-specific survival between surveil-
lance and surgery.'' ™"

Some studies assessed the risk factors for LNM and gastric
cancer mortality in patients with NC resection. The eCura score
system was created in Japan and it stratifies patients into low,
intermediate and high LNM risk."” This score was validated in
Asia and it showed significantly higher recurrence and LNM
rates in the high-risk category.'® ' However, no previous studies
assessed the adequacy of this score in the Western setting, and it
is unclear whether there are additional prognostic variables that
could be helpful in the estimation of recurrence and LNM risk,
which can further aid in the decision-making process.

Thus, this study aimed to identify risk factors for LNM in
a large cohort and to validate and eventually refine the eCura
scoring system in the Western setting. Moreover, the rate and
predictive factors for parietal lesion after a gastric NC-ESD were
also addressed.

MATERIAL AND METHODS

Study design and patient selection

Retrospective analysis of prospectively collected registries from
19 centres (Portugal, Spain, France, Belgium, Italy, Austria and
Australia). All the endoscopists had performed at least 100 ESDs
at the time of data collection; nevertheless, in some centres, this
series represents all the procedures that were performed since
the beginning of the practice of ESD, early on their learning

106

Morais R, et al. Gut 2024;73:105-117. doi:10.1136/gutjnl-2023-330804

‘1y61IAdoo

Aq peoejold "BIqUIOD SpEpISIBAIUN P SIENdSOH Je $20Z ‘9L Alenigad uo /woo fwqnby/:dpy wouy papeojumod "€Z0z Joquisides ¢ Uo #080€€-€20Z-IUlinB/9gL L '0L Se paysiiand jsiy N9



Endoscopy

Table 2 Characterisation of the criteria for curativeness of resection

n=89* Local-risk resection, n (%)

Lesion histology

Dysplasia 54 (60.7)
LGD 16 (18.0)
HGD 38 (42.7)
Adenocarcinoma 35(39.3)
pTla 32 (36.0)
pT1b SM1 3(33)

Piecemeal resection 37 (41.6)

Horizontal margins (among en-bloc resections)

HM1 48 (53.9)
HMXx 4(4.5)
n=225* High-risk resection, n (%)

Lesion histology
Adenocarcinoma

pTla 51(22.7)

pT1b SM1 36 (16.0)

pT1b>SM1 138 (61.3)
Size>3cm

Intramucosal ulcerated lesions 5(2.2)

pT1b SM1 differentiated lesions 15 (6.7)
Vertical margins

VM1 44 (19.6)

VMx 12 (5.3)
Lymphovascular invasion 101 (44.9)

Lymphatic invasion 91 (40.4)

Venous invasion 39(17.3)
Poorly differentiated lesions

Ulceration 25 (11.1)

Size>2cm 48 (21.3)

*There are patients with more than one criteria.
HGD, high-grade dysplasia; LGD, low-grade dysplasia.

curves. The pathological records of the ESD specimens and,
whenever patients underwent surgery due to a NC-ESD, of the
surgical specimens, were collected from each institution.

Consecutive patients submitted to gastric ESD between
November 2007 and June 2022 were screened for eligibility.
Indication for ESD was the presence of a gastric neoplastic
lesion without endoscopic features of deep invasive (>SM1)
adenocarcinoma, based on the endoscopic evaluation. NC
resection criteria included local-risk resection (LocRR) and
high-risk resection (HRR), defined by the 2022 European
Society of Gastrointestinal Endoscopy (ESGE) ESD guidelines.”
These guidelines recommend that patients with LocRR may be
submitted to endoscopic surveillance and retreated with ESD
(preferable) or surgery whenever necessary. In contrast, patients
with HRR are recommended to undergo further surgical treat-
ment (gastrectomy with lymphadenectomy) unless there are
significant comorbidities (high-surgical risk) or patient refusal.
In the case of endoscopic surveillance, patients were submitted
to an upper endoscopy at 3—6 months and staging CT, if deemed
necessary, after multidisciplinary discussion.

Exclusion criteria were loss to follow-up (absence of surgical
specimen in case of a decision to proceed to gastrectomy or
absence of at least one follow-up endoscopy in the surveillance
arm) and incomplete ESD pathological specimen data.

Patients gave their written informed consent before ESD and
inclusion in the prospective ESD registries.

ESD procedure and pathological evaluation

En-bloc resection was considered if the target lesion was retrieved
in a single specimen or piecemeal if it was removed in more than
one fragment. RO resection was considered whenever patholog-
ical evaluation showed free horizontal and vertical margins (VM
and HM), in an en-bloc resected specimen. For the purpose of
statistical analysis, patients with HMx and VMXx resections (due
to artefacts that precluded a definite margin evaluation) were
considered HM1 and VM1, respectively. HM status was only
considered in en-bloc resections. SM1 adenocarcinomas were
those T1b lesions in which the submucosal invasion depth was
not higher than 0.5 mm, measured perpendicularly from the
muscularis mucosa.

Although the histological report could not be standardised
and centrally analysed due to the retrospective design of the
study, a systematic approach was followed in each centre to
document an accurate histopathological diagnosis, agreed on by
expert pathologists, according to international standards (with
specimen examination by at least two expert pathologists).'®
Whenever incomplete or incongruent pathological data were
evident in the report, the centre was contacted and the histo-
logical specimen was re-evaluated for a complete and accurate
data collection.

Residual disease was defined as the presence of neoplastic
tissue in the ESD scar, confirmed by pathological evaluation in
the follow-up endoscopy or surgery (parietal residual lesion),
and/or as the detection of LNM in the surgical specimen.

Classifications

Recent guidelines suggest a new classification for ESD outcomes.
ESGE recommends the use of the terminology ‘very-low risk
resection” and ‘low-risk resection’ for those considered ‘cura-
tive’. Among NC-ESDs, LocRR are those with a higher risk of
having parietal residual lesion (in the ESD site), such as those
piecemeal-resected or with positive (benign) HM, without other
risk factors for LNM. HRR includes those with high-risk features
of having LNM warranting complementary treatment, such as
lymphatic permeation, positive vertical margins, large (>3 cm)
submucosal (SM) or ulcerated intramucosal adenocarcinomas,
large (>2cm) undifferentiated carcinomas or lesions with deep
(>SM1) SM invasion.’

The eCura system evaluates five risk factors for the develop-
ment of LNM and weighs them according to the relative risk:
3 points for lymphatic permeation and 1 point each for lesion
size above 30mm, positive vertical margins, venous invasion
and SM invasion equal or above 0.5 mm. In our study, patients
were categorised in three groups as originally proposed: low-risk
group (0-1 point, 2.5% risk of LNM), intermediate-risk group
(2—4 points, 6.7% risk) and high-risk group (5-7 points, 22.7%
risk)."®

Evaluated outcomes
The two main outcomes were the rate of LNM observed in the
surgical specimen in patients submitted to surgery and the rate of
parietal residual lesion observed either in the follow-up endos-
copy (confirmed by pathological analysis) or in the surgical spec-
imen, after an NC-ESD. The rate of LNM in patients referred
to surveillance who underwent CT evaluation in the follow-up
was also reported.

Risk factors for parietal residual lesion (considering the entire
cohort) and for LNM or for the combined endpoint of residual
disease (in HRR patients submitted to surgery) were analysed.

Morais R, et al. Gut 2024;73:105-117. doi:10.1136/gutjnl-2023-330804
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2602 gastric ESDs

2279 curative ESDs -

323 non-curative ESDs

Loss of follow-up n=9  |—

314 non-curative ESDs
analyzed

89 (28.3%) LocRR

82 (92.1%) endosocopic
surveillance

I—l—l

7 (7.9%) surgery

225 (71.7%) HRR

156 (69.3%) surgery 69 (30.7%) surveillance

I—l—l

I—l—l

4 (57.1%) no lesion . ) ) ‘

63 (76.8%) no lesion 19 (23.2%) local recurrence 106 (67.9%) no lesion 50 (32.1%) lesion 63 (91.3%) no lesion 6 (8.7%) lesion

3 (42.9%) lesion in the wall
13 (68.4%) endoscopic 27 (54%) lesion in the wall 3 (50%) local recurrence
resection o o

3 (15.8%) surgery . 11 (22%) LNM 1(16.7%) LNM

3 (15.8%) endoscopic 12 (24%) lesion in the wall 2(33.3%) local recurrence
surveillance +LNM +LNM

2 (66.7%) lesion
1(33.3%) no lesion

Figure 1

Among patients with adenocarcinoma submitted to surgery,
we applied the eCura system in order to assess its accuracy in
predicting LNM in the Western setting. Furthermore, consid-
ering the analysis of our Western cohort, a modification to
this system was proposed by changing the cut-off of the ‘SM
invasion’ variable (see the section Data collection and statistical
analysis)—the Western e-Cura (W-eCura) score. The W-eCura
was applied and evaluated as previously described for the eCura
system. LNM rate, mortality and overall survival (OS) after ESD
in each risk category were evaluated and compared using both
scores.

Data collection and statistical analysis
Participant centres were asked to fill out a database that included
the variables of interest.

Categorical variables were described as absolute (n) and rela-
tive frequencies (%). Continuous variables were described using
means and SD or medians and IQRs, as appropriate. Continuous
variables were compared using the Student’s t-test or the Mann-
Whitney test, while the % test or the Fisher’s exact test were
used for categorical variables, as appropriate. For variables with
missing data, available cases analysis was performed.

We built univariable logistic regression models to iden-
tify potential predictors for LNM, parietal residual lesion and

1(16.7%) ESD
5 (83.3%) palliative care

Flowchart of study design. ESD, endoscopic submucosal dissection; LNM, lymph node metastasis.

residual disease (dependent variables). Tested independent vari-
ables included those related to demographic and clinical charac-
teristics of the patients. Variables having p<0.100 on univariable
analysis were incorporated into stepwise multivariable logistic
regression models (one per dependent variable). In the stepwise
analysis, a p<0.05 was used to keep the variables in the model.

Receiver operating characteristic (ROC) analysis was
performed to define the optimal cut-point value for the variable
‘SM invasion’, by choosing a cut-off with best sensitivity and
acceptable specificity for the prediction of LNM in the surgical
specimen. The sensitivity and specificity of the identified cut-
point and of the original eCura SM invasion cut-point (0.5 mm)
were assessed. Furthermore, we projected the expected positive
predictive value (PPV) and negative predictive value (NPV) for
both cut-points based on their sensitivity and specificity and
considering an LNM prevalence range of 0%-100%. A cut-off
of 1 mm was identified. SM invasion depth =1 mm independent
association with LNM in the surgical specimen in the multi-
variate analysis was confirmed. The W-eCura was then calcu-
lated, taking into consideration this change in the ‘SM invasion’
variable.

We assessed and compared the discriminative capacities of
the eCura and W-eCura scores to predict LNM, computing
the respective areas under the ROC curve (AUC-ROC), and
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Table 3  Risk of LNM among HRR operated patients (n=156)

LNM

Yes No

Unadjusted OR (95%Cl), P

Demographics
Gender, n (%)

Female 12 (52.2%) 41 (30.8%)

Male 11(47.8%) 92 (69.2%)
Age, median 70 (68-77) 68 (61-74)
(IQR), years

Lesion characteristics
Morphology, n (%)

Polypoid 6(26.1%)  15(11.3%)

Non-polypoid, 4 (17.4%) 37 (27.8%)

non-depressed

Depressed 13 (56.5%) 81 (60.9%)

Lesion size, 22 (16-30) 25 (20-35)

median (IQR),

mm

ESD procedure

Complementary techniques, n (%)

Yes 4(17.4%) 12 (9.0%)

No 19 (82.6%) 121 (91.0%)
En bloc resection, n (%)

Yes 21(91.3%) 109 (82.0%)

Piecemeal 2 (8.7%) 24 (18.0%)

Histopathological analysis
Horizontal margins, n (%)*

HM1 1 (4.8%) 7 (6.4%)

HMO 20 (95.2%) 102 (93.6%)
Vertical margins, n (%)

VM1 7 (30.4%) 32 (24.1%)

VMO 16 (69.6%) 101 (75.9%)
Carcinoma staging, n (%)

pTla 4 (17.4%) 30 (22.6%)

pT1b 19 (82.6%) 103 (77.4%)
SM invasion depth, n (%)

SM1 1 (5.3%) 21 (20.4%)

>SM1 18 (94.7%) 82 (79.6%)

Extension of 2.5 (2-3) 1(0.7-1.8)

SM invasion,

median (IQR),

mm

SM invasion depth=1mm

Present 1191.7%) 42 (51.2%)

Absent 1 (8.3%) 40 (48.8%)
Lesion size with 9 (6-14) 7(3-12)
SM invasion,

median (IQR), mm
Lymphatic invasion, n (%)

Present 23 (100%) 41 (30.8%)

Absent 0 (0%) 92 (69.2%)
Venous invasion, n (%)

Present 13(56.5%) 18(13.5%)

Absent 10 (43.5%) 115 (86.5%)
Perineural invasion, n (%)

Present 1(4.3%) 6 (4.5%)

Absent 22 (95.7%) 127 (95.5%)
Ulceration, n (%)

Present 5(21.7%) 38 (28.6%)

Absent 18 (78.3%) 95 (71.4%)

Ref.
0.409 (0.167 to 1.002), 0.050
1.069 (1.006 to 1.136), 0.030

Ref.
0.270 (0.067 to 1.096), 0.067

0.401 (0.132 to 1.221), 0.108
0.965 (0.924 to 1.007), 0.101

2.123 (0.620 to 7.267), 0.231
Ref.

Ref.
0.433 (0.095 to 1.970), 0.279

0.729 (0.085 to 6.251), 0.773
Ref.

1.381 (0.522 to 3.654), 0.516
Ref.

Ref.
1.383 (0.437 to 4.380), 0.581

Ref.
4.610 (0.582 to 36.529), 0.148
3.007 (1.500 to 6.027), 0.002

10.476 (1.293 to 84.904), 0.028
Ref.
1.026 (0.905 to 1.164), 0.683

8.306 (3.172 to 21.747), <0.001
Ref.

0.962 (0.110 to 8.383), 0.972
Ref.

0.553 (0.212 to 1.440), 0.500
Ref.

Continued

Table 3 Continued

LNM
Yes No

Unadjusted OR (95%Cl), P

Differentiation, n (%)

Poor 6 (26.1%) 47 (35.3%) 0.646 (0.238 to 1.749), 0.390
Well/moderate 17 (73.9%) 86 (64.7%) Ref.

Signet ring cells, n (%)
Present 5 (21.7%) 33 (24.8%) 0.842 (0.290 to 2.444), 0.751
Absent 18(78.3%) 100 (75.2%)  Ref.

Papillary component, n (%)
Present 7 (30.4%) 21 (15.8%) 2.333 (0.856 to0 6.362), 0.098
Absent 16 (69.6%) 112 (84.2%)  Ref.

Mucinous carcinoma, n (%)
Present 1 (4.3%) 7 (5.3%) 0.818 (0.096 to 6.980), 0.854
Absent 22 (95.7%) 126 (94.7%)  Ref.

*Horizontal margins were evaluated in lesions removed en-bloc (n=130).

tSince in patients with LNM all cases had lymphatic permeation, univariate logistic
regression and subsequently multivariate logistic regression analysis were not
performed.

ESD, endoscopic submucosal dissection; HGD, high-grade dysplasia; HRR, high-risk
resection; LGD, low-grade dysplasia; LNM, lymph node metastasis.

estimating the continuous Net Reclassification Improvement
(NRI) index and the Integrated Discrimination Index. Finally,
we assessed the calibration of the eCura and the W-eCura scores
by obtaining the respective calibration plots. We performed an
internal validation with bootstrap resampling (with 2000 boot-
strap replicates)—summary AUC-ROC and p values for the
Hosmer-Lemeshow test were obtained for both the eCura and
the W-eCura scores in relation to LNM.

OS was estimated using the Kaplan-Meier method, and the
differences among the three risk groups in eCura and W-eCura
were assessed using the log-rank test.

Statistical analysis was conducted with the support of IBM
SPSS Statistics Version 29 and R.

RESULTS

Sample description

Of the 2602 gastric ESDs from the 19 centres, 323 (12%) were
identified as NC. From them, 314 (97%) had proper follow-up
and were further analysed (median follow-up=16 months,
IQR=6-36).

Table 1 describes the assessed participants’ demographic,
ESD and histopathological analysis-related data. Most of the
NC-ESDs corresponded to adenocarcinoma (n=260, 83%) or
high-grade dysplastic lesions (n=38, 12%), with the remaining
being low-grade dysplasia.

Of the 314 analysed NC-ESDs, 225 (72%) were classified
as HRR and 89 (28%) as LocRR. The characterisation of the
criteria for the curativeness of the resection is detailed in table 2.

Figure 1 depicts the outcomes of assessed patients according to
the classification of the resection. Most (n=156, 69%) patients
with HRR were submitted to surgery; in the LocRR group, the
majority (n=82, 92%) was referred for endoscopic surveillance.
In patients submitted to surgery (n=163), the overall rate of
residual disease was 33% (LocRR: n=3, 43%; HRR: n=50,
32%). The overall recurrence rate in non-operated patients
(n=151) was 8% (LocRR n=19, 23%; HRR n=6, 9%), after a
median time of 11 months (IQR=4-14). The mortality rate was
13% (n=41). The cause of death was, in most cases, unrelated
to the lesion that motivated ESD (n=29). Five patients died due
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Table 4 Risk factors for parietal residual lesion in the ESD site among HRR patients (n=225)

Parietal residual lesion

Yes No

Unadjusted OR (95%Cl), P

Covariate adjusted OR (95%Cl), P

Gender, n (%)
Female
Male
Age, median (IQR), years

Morphology, n (%)
Polypoid
Non-polypoid, non-depressed
Depressed
Lesion size, median (IQR), mm

Complementary techniques, n (%)
Yes
No
En bloc resection, n (%)
Yes
Piecemeal

Horizontal margins, n (%)*
HM1
HMO
Vertical margins, n (%)
VM1
VMO
Adenocarcinoma staging, n (%)
pTla
pT1b
SM invasion depth, n (%)
SM1
>SM1
Exact extension of SM invasion, median (IQR), mm
Lesion size with SM invasion, median (IQR), mm
Lymphatic invasion, n (%)
Present
Absent
Venous invasion, n (%)
Present
Absent
Perineural invasion, n (%)
Present
Absent
Ulceration, n (%)
Present
Absent
Differentiation, n (%)
Poor
Well/moderate
Signet ring cells, n (%)
Present
Absent
Papillary component, n (%)
Present
Absent

Mucinous carcinoma, n (%)

Demographics

19 (43.2%) 59 (32.6%)
25 (56.8%) 122 (67.4%)
70 (63-75) 72 (65-79)

Lesion characteristics

5 (11.4%) 35 (19.3%)
9 (20.5%) 43 (23.8%)
30 (68.2%) 103 (56.9%)
27 (20-30) 26 (20-38)
ESD procedure

5(11.4%) 20 (11.0%)
39 (88.6%) 161 (89.0%)
31 (70.5% 158 (87.3%)
13 (29.5%) 23 (12.7%)

Histopathological analysis

4(12.9%) 16 (10.1%)
27 (87.1%) 142 (89.9%)
20 (45.5%) 36 (19.9%)
25 (54.5%) 145 (80.1%)
8 (18.2%) 43 (23.8%)
36 (81.8%) 138 (76.2%)

7 (19.4%) 29 (21.0%)
29 (80.6%) 109 (79.0%)
2(0.8-2.2) 1(0.7-1.6)
7(3-11) 7(2-12)

23 (52.3%) 68 (37.6%)
21 (47.7%) 113 (62.4%)
11 (25.0%) 28 (15.5%)
33 (75.0%) 153 (84.5%)
5 (11.4%) 4(2.2%)

39 (88.6%) 177 (97.8%)
14 (31.8%) 45 (25.0%)
30 (68.2%) 135 (75.0%)
16 (36.4%) 60 (33.1%)
28 (63.6%) 121 (66.9%)
10 (22.7%) 40 (22.1%)
34 (77.3%) 141 (77.9%)
8(18.2%) 27 (15.0%)
36 (81.8%) 153 (85.0%)

Ref.
0.409 (0.167 to 1.247), 0.188
0.971 (0.939 to 1.003), 0.073

Ref.

1.465 (0.450 to 4.772), 0.526
2.039 (0.734 t0 5.662), 0.172
0.984 (0.959 to 1.010), 0.220

1.032 (0.365 to0 2.921), 0.953
Ref.

Ref.
2.881 (1.319 to 6.294), 0.008

1.315 (0.408 to 4.238), 0.647
Ref.

3.356 (1.672 to 6.737), <0.001
Ref.

Ref.
1.402 (0.606 to 3.245), 0.430

Ref.

1.102 (0.439 to 2.770), 0.836
1.518 (0.980 to 2.350), 0.061
1.039 (0.952 to 1.134), 0.392

1.820 (0.937 to 3.534), 0.077
Ref.

1.821 (0.825 t0 4.023), 0.138
Ref.

5.673 (1.456 to 22.097), 0.012
Ref.

1.400 (0.682 to 2.872), 0.359
Ref.

1.152 (0.579 to 2.292), 0.686
Ref.

1.037 (0.472 t0 2.279), 0.928
Ref.

1.259 (0.528 (3.001), 0.603
Ref.

0.943 (0.895 to 0.994), 0.029

Ref.

2.620 (0.860 to 7.984), 0.090

5.323 (1.968 to 14.398), <0.001

Ref.

3.407 (1.203 t0 9.651), 0.021
Ref.

Continued
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Table 4 Continued

Parietal residual lesion

Yes No Unadjusted OR (95%Cl), P Covariate adjusted OR (95%Cl), P
Present 2 (4.5%) 7 (3.9%) 1.177 (0.236 t0 5.871), 0.843
Absent 42 (95.5%) 173 (96.1%) Ref.

*Horizontal margins were evaluated in lesions removed en-bloc (n=189).

ESD, endoscopic submucosal dissection; HGD, high-grade dysplasia; HRR, high-risk resection; LGD, low-grade dysplasia.

to gastric cancer progression and seven due to surgery-related
complications.

Local-risk resection
The reasons for classifying the resection as LocRR (n=89) were
piecemeal resection (n=37, 42%) and HM1/HMx (n=52, 58%).

Within this group, 7 (8%) were referred to surgery consid-
ering multidisciplinary discussion and patient’s preference (6
pT1la adenocarcinoma and 1 high-grade dysplasia (HGD)), with
3 showing residual lesion in the wall (2 pT1la adenocarcinoma
and 1 HGD)

Eighty-two patients (92%) were surveilled by endoscopy
(median 17 months, IQR 12-35), with a parietal recurrence rate
of 23% (n=19). The median time to recurrence was 8 months
(IQR 4-12), with most of the cases (n=14, 74%) being diag-
nosed in the first follow-up endoscopy.

Patients with recurrence after LocRR were successfully treated
with re-ESD (68%) or surgery (16%), with the remaining (16%)
being referred for surveillance due to comorbidities. Of the three
patients who underwent subsequent surgery, this approach was
decided due to impossibility of endoscopic resection in two and
concomitant mass in the head of the pancreas in one patient.
In two patients, surgical specimen analysis revealed parietal
residual (pT1a) adenocarcinoma. There were no cases of gastric
lesion-related mortality during the follow-up.

Risk factors for parietal residual lesion
Risk factors for parietal residual lesion among LocRR patients
are described in online supplemental table 1.

High-risk resection

Regarding the lesions classified as HRR, 45% had lymphovas-
cular invasion (40% lymphatic invasion; 17% venous invasion),
61% had deep SM invasion, 25% had VM1/VMx, 32% were
poorly differentiated and larger than 20 mm or ulcerated and
9% were bigger than 30 mm with ulceration or with superficial
submucosal invasion.

Of the 225 patients classified as HRR, 156 (69%) underwent
surgery, while the remainder were followed up due to high
surgical risk (n=53) or patient refusal (n=16).

Among the 156 patients undergoing surgery, 50 (32%)
had parietal lesion and/or LNM: 23 (15%) had LNM and 39
(n=25%) lesion in the gastric wall (adenocarcinoma n=44,
HGD n=3, LGD n=2). No lesion (TONO0) was identified in 106
patients (68%) undergoing surgery.

From the 69 patients submitted to follow-up, only 6 (9%)
(median follow-up=16 months, IQR=7-31), presented disease
recurrence (two patients with parietal recurrence only, one with
LNM and two with parietal recurrence plus LNM (LNM pres-
ence based on radiological criteria in this group)). One patient
underwent re-ESD and the remainder were referred for palli-
ative care. The follow-up cohort’s gastric cancer-related death
was 4% (n=3).

Risk factors for LNM in operated patients

In univariable logistic regression models, venous invasion
(OR=8.306, 95% CI 3.172-21.747), extension of SM invasion
(OR=3.007, 95% CI=1.500 to 6.027) and SM invasion depth
=1mm (OR 10.476, 95% CI 1.293 to 84.904) were significantly
associated with the risk of LNM (table 3). All patients with LNM
had lymphatic invasion in the ESD specimen. Only one patient
with LNM in the surgical specimen had an SM invasion <1 mm
(pT1b SM1 adenocarcinoma with lymphovascular invasion).

Risk factors for parietal residual lesion

In the multivariable logistic regression analysis, positive VM
(OR=5.323, 95% CI 1.968 to 14.398) and lymphatic invasion
(OR=3.407, 95% CI 1.203 to 9.651) were independently asso-
ciated with a higher risk of parietal residual lesion in the ESD
site, while age was related with a lower risk (OR=0.943, 95%
CI 0.895 to 0.994) (table 4).

Risk factors for residual disease

In the multivariable logistic regression analysis, piecemeal resec-
tion (OR=5.286, 95% CI 1.329 to 21.025), extension of SM
invasion (OR=1.970, 95% CI 1.158 to 3.351) and lymphatic
invasion (OR=5.070, 95% CI 1.781 to 14.427) were inde-
pendently associated with the risk of residual disease (parietal
residual lesion and/or LNM) in the surgical specimen (table 5).

Validation of the eCura score

From the 156 patients with HRR that underwent surgery, 59
were classified as low-risk (38%), 65 as intermediate-risk (42%)
and 32 as high-risk (20%) resections according to the eCura
score (table 6).

The risk of LNM was significantly different across the eCura
groups (low-risk 0% (95% CI 0% to 6.1%), intermediate-
risk 9.2% (95% CI 3.5 to 19.0%), high-risk 53.1% (95% CI
34.7% to 70.9%), p<0001). The AUROC of the eCura system
for LNM was 0.900 (95% CI 0.852 to 0.949). There were no
significant differences between groups regarding mortality and
OS; however, cancer-related mortality was significantly different
across groups.

Modified eCura score (W-eCura)
Considering the analysis for the risk of LNM among operated
HRR patients, a cut-point of SM invasion =1 mm was identified,
with a sensitivity of 92% and specificity of 51% for the pres-
ence of LNM using ROC analysis (online supplemental figure 1).
By comparison, the sensitivity of the cut-point of SM invasion
=0.5mm was of 91.7% and the specificity of 48.8% (for most
possible prevalence values of LNM, the SM =1 mm displayed a
higher PPV and NPV—figure 2).

Therefore, a modification in the original eCura system was
performed in which the SM invasion cut-off was changed from
=0.5mm to =1mm. This modification implied a shift from
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Table 5 Risk of residual disease (parietal residual lesion and/or LNM) among HRR operated patients (n=156)

Residual disease

Yes No

Unadjusted OR (95%Cl), P

Covariate adjusted OR (95%Cl), P

Gender, n (%)
Female
Male

Age (IQR), years

Morphology, n (%)
Polypoid
Non-polypoid, non-depressed
Depressed

Lesion size (IQR), mm

Complementary techniques, n (%)
Yes
No
En bloc resection, n (%)
Yes
Piecemeal

Horizontal margins, n (%)*
HM1
HMO
Vertical margins, n (%)
VM1
VMO
Adenocarcinoma staging, n (%)
pTla
pT1b
SM invasion depth, n (%)
SM1
>SM1
Exact extension of SM invasion (IQR), mm
SM invasion depth =1 mm, n (%)
Present
Absent
Lesion size with SM invasion (IQR), mm
Lymphatic invasion, n (%)
Present
Absent
Venous invasion, n (%)
Present
Absent
Perineural invasion, n (%)
Present
Absent
Ulceration, n (%)
Present
Absent
Differentiation, n (%)
Poor
Well/moderate
Signet ring cells, n (%)
Present
Absent

Papillary component, n (%)

Demographics

22 (44.0%) 31 (29.2%)
28 (56.0%) 75 (70.8%)
70 (64-75) 68 (62-74)

Lesion characteristics

9 (18.0%) 12 (11.3%)
11 (22.0%) 30 (28.3%)
30 (60.0%) 64 (60.4%)
25 (20-30) 25 (18-35)
ESD procedure

7 (14.0%) 9 (8.5%)
43 (86.0%) 97 (91.5%)
36 (72.0%) 94 (88.7%)
14 (28.0%) 12 (11.3%)

Histopathological analysis

3(8.3%) 5 (5.3%)
33(91.7%) 89 (94.7%)
19 (38.0%) 20 (18.9%)

31 (62.0%) 86 (81.1%)

9 (18.0%)
41 (82.0%)

25 (23.6%)
81 (76.4%)

5(12.2%) 17 (21.0%)
36 (87.8%) 64 (79.0%)
2(0.9-2.3) 1(0.7-1.6)
20 (64.5%) 33 (52.4%)
11 (35.5%) 30 (47.6%)
7 (4-12) 8(3-13)
32 (64.0%) 32 (30.2%)
18 (36.0%) 74 (69.8%)
15 (30.0%) 16 (15.1%)
35 (70.0%) 90 (84.9%)
4 (8.0%) 3 (2.8%)
46 (92.0%) 103 (97.2%)
14 (28.0%) 29 (27.4%)
36 (72.0%) 77 (72.6%)
17 (34.0%) 36 (34.0%)
33 (66.0%) 70 (66.0%)
12 (24.0%) 26 (24.5%)
38 (76.0%) 80 (75.5%)

Ref.
0.526 (0.262 to 1.057), 0.071
1.017 (0.977 to0 1.058), 0.410

Ref.

0.489 (0.162 to 1.478), 0.205
0.625 (0.238 to 1.644), 0.341
0.983 (0.957 to 1.010), 0.217

1.755 (0.613 t0 5.019), 0.294
Ref.

Ref.
3.046 (1.287 t0 7.209), 0.011

1.618 (0.366 to 7.152), 0.526
Ref.

2.635 (1.245 t0 5.581), 0.011
Ref.

Ref.
1.406 (0.601 to 3.288), 0.432

Ref.
1.912 (0.651 t0 5.618), 0.238
1.675 (1.037 to 2.708), 0.035

1.653 (0.681 t0 4.011), 0.267
Ref.
1.026 (0.938 to 1.123), 0.572

4.111 (2.019 to 8.370), <0.001
Ref.

2.411 (1.077 to 5.394), 0.032
Ref.

2.986 (0.642 to 13.881), 0.163
Ref.

1.033 (0.487 to0 2.187), 0.933
Ref.

1.002 (0.493 to 2.037), 0.996
Ref.

0.972 (0.443 t0 2.131), 0.943
Ref.

Ref.
5.286 (1.329 t0 21.025), 0.018

1.970 (1.158 to0 3.351), 0.012

5.070 (1.781 to 14.427), 0.002
Ref.

Continued
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Table 5 Continued

Residual disease

Yes No Unadjusted OR (95%Cl), P Covariate adjusted OR (95%Cl), P
Present 11 (22.0%) 17 (16.0%) 1.477 (0.633 to 3.443), 0.367
Absent 39 (78.0%) 89 (84.0%) Ref.
Mucinous carcinoma, n (%)
Present 2 (4.0%) 6 (5.7%) 0.694 (0.135 to 3.569), 0.662
Absent 48 (96.0%) 100 (94.3%) Ref.

*Horizontal margins were evaluated in lesions removed en-bloc (n=130).

ESD, endoscopic submucosal dissection; HGD, high-grade dysplasia; HRR, high-risk resection; LGD, low-grade dysplasia; LNM, lymph node metastasis.

intermediate to low-risk group in four patients and high-risk to
intermediate-risk in three patients. Of these seven downgraded
patients, none had LNM: six had no evidence of residual disease
in the surgical specimen (TONO), and 1 (previous ESD with VM1
resection), had focal residual adenocarcinoma (T1NO) in the
gastric wall.

The AUC-ROC of the W-eCura for LNM (0.916, 95% CI 0.870
to 0.961) was significantly higher compared with the original
eCura (p value for the comparison between AUROCs=0.012);
NRI index 0.681, 95% CI 0.309 to 1.053 (p<0.001); IDI 0.053
95%CI 0.026 to 0.081 (p<0.001)) (figure 3). The calibration
plots of the eCura and W-eCura models are displayed in figure 4.
Using a bootstrap strategy, the AUC-ROC for the eCura was
of 0.900 (SE=0.025), while for the W-eCura, it was of 0.916
(SE=0.023), with a p value of 0.014 having been observed for
the comparison between the AUC-ROCs. The p values for the
Hosmer-Lemeshow test were of 0.206 for the eCura score and
0.237 for the W-eCura score, suggesting good calibration of the
models.

There were no significant differences between groups
regarding mortality, but cancer-related mortality and OS were
significantly different among groups when the W-eCura was
applied.

DISCUSSION

The NC-ESD project was created aiming to evaluate the risk
factors for residual disease after an NC-ESD along the gastro-
intestinal tract,'” to better identify who would benefit from
further treatment, due to the high rate of futile surgeries that
is being observed in this group of patients. In this study, specifi-
cally analysing gastric NC-ESDs in a large multinational western
cohort, we found that 68% of the patients who underwent
surgery did not present residual lesion in the gastric wall or
in the lymph nodes (TONO). Also, we found that a new score
(W-eCura), modified from the original eCura system, may
potentially avoid some unnecessary surgeries.

Gastric ESD is well established as the first-line treatment for
early gastric lesions with low risk of LNM, with curative resec-
tion rates between 80 and 90%. '? 2° Patients with NC resection
have higher risk of parietal residual lesion or LNM. Therefore,
risk stratification would allow a better decision concerning
surgery referral.

In recent years, studies from the East assessed risk factors for
LNM and proposed a risk stratification tool (eCura) that was
externally validated in the East."> However, there is some debate
regarding the different biological behaviour of Eastern and
Western gastric cancers, and there are differences in patholog-
ical specimen handling and histopathological analysis between
Eastern and Western pathologists.”' ™ This prompted the need
to assess risk factors for LNM in Western populations and to
validate the eCura scoring system in this setting.

We found that younger age, positive vertical margins (VM1)
and lymphatic invasion were independently associated with pari-
etal lesions, while SM invasion depth =1mm, lymphatic inva-
sion (presented in all cases of patients with LNM in the surgical
specimen) and venous invasion were associated with LNM. The
independent risk factors for the composite outcome of residual
disease were piecemeal resection, SM invasion depth and
lymphatic invasion. Our findings are in line with previous studies
identifying similar risk factors for LNM/persistent disease.>**

One of the goals of this study was to address the application
of the eCura system in a Western population, with the inherent
different baseline characteristics comparing to the cohort that
was used to create the original score. We found that the eCura
system is actually a valuable tool to stratify the risk of LNM in the
West. Indeed, none of the patients in the low-risk eCura group
had LNM, while this risk increased to 9% in the intermediate-
risk group and to 53% in the high-risk group. This reinforces
that this score can be used to stratify LNM risk and perform
a more appropriate selection of patients for surgical treatment.
The rates of LNM in our study were similar to the eCura studies
in the low and intermediate-risk groups (0% vs 2.5% and 9.0%

Table 6 Rate of LNM, mortality and overall survival estimate according to the eCURA classification risk categories and the modified eCURA (W-

eCura) in HRR operated patients (n=156)

Low Intermediate High P value

eCura W-eCura eCura W-eCura eCura W-eCura

(n=59) (n=63) (n=65) (n=64) (n=32) (n=29) eCura W-eCura
LNM, n (%) 0(0) 0(0) 6(9.2) 6(9.4) 17 (53.1) 17 (58.6%) <0.001 <0.001
Mortality, n (%) 3(5.1) 3(4.8) 9(13.8) 10 (15.6) 5(15.6) 4(13.8) 0.185 0.125
Cancer-related mortality 0(0) 0(0) 5(7.7) 6(9.4) 4(12.5) 3(10.3) 0.035 0.039
Overall survival estimate (mean+SD), months 88+3 88+2 7445 7345 63+7 61+8 0.080 0.050

LNM, lymph node metastasis.
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Figure 2 Comparison of the expected positive and negative predictive
values (PPV and NPV) for the submucosal invasion cut-offs of 0.5 mm
and 1mm.

vs 6.7%), although we found an unexpectedly higher propor-
tion of patients with LNM in the high-risk group (53.1% vs
22.7% in the eCura study). Adequate and timely lesion evalu-
ation is mandatory before starting ESD.’ Western endoscopists’
lesser experience in lesion assessment before ESD, as compared
with Japanese endoscopists, in association with a later diag-
nosis of these lesions, may have led to an over-representation
of higher risk patients among the high-risk group. A recently
published multicentre study also suggested that Western prac-
tice involves more advanced lesions, with a quarter of patients
being outside the new absolute indications for ESD.”” Although
this analysis was not performed in our study, this data support,
to some extent, our findings. Differences in pathological spec-
imen handling and histopathological analysis between Eastern
and Western pathologists, as previously reported regarding the
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higher rate of LNM for expanded criteria resections outside
Japan,’® may also explain these differences. Nevertheless, inde-
pendently of the higher-than-expected rate of LNM in the high-
risk group, our results validate and support the role of eCura in
the multidisciplinary decision-making after a NC-ESD.

In our study, among HRR patients undergoing surgery, we
identified an optimal cut-off of =1 mm for SM invasion depth
(with a sensitivity of 92%, although with a specificity of 519%).
In fact, among operated patients, only one patient with SM inva-
sion depth <1mm had LNM in the surgical specimen (eCura
high-risk lesion with lymphovascular invasion). Our results
should be interpreted with caution, especially considering the
short follow-up in our cohort and missing data regarding the
exact extension of SM invasion in 28% of patients. Neverthe-
less, further investigation on which is the best cut-off point of
SM invasion depth is mandatory to optimise risk stratification.
Indeed, there is currently much debate in the colon regarding
the prognostic significance of depth invasion in the absence of
other adverse prognostic features and a recent meta-analysis
found that invasion depth is not an independent risk factor for
LNM.! In gastric lesions, current evidence still advocates the
cut-off of 0.5 mm as the one with prognostic value regarding the
risk of LNM after an NC resection.” However, considering our
findings, we developed and analysed a modification of the eCura
(W-eCura), using a cut-off of 1 mm for SM invasion. This implied
a downstaging in the eCura group in seven patients (4.4% of
the HRR-operated patients), and none of them presented LNM.
More interesting, the W-eCura score displayed a higher accuracy
than the original eCura. On the other hand, although a direct
comparison was not performed, OS was significantly different
among groups when the W-eCura was applied as opposed to
eCura, in which no significant differences were observed between
groups. Although prospective studies are necessary to validate
these findings, our results suggest that in patients without other
high-risk factors, the cut-off of SM invasion may be extended
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Figure 3  Comparison of AUC-ROC of eCura and W-ecura for LNM. AUC-ROC, areas under the receiver operating characteristic curve; LNM, lymph

node metastasis.
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Figure 4 Calibration plots of the eCura and W-eCura models.

to 1mm. This may have a positive impact, especially in high-
risk surgical patients, by avoiding unnecessary surgeries (and
maintaining a high sensitivity) and supporting the adoption of
surveillance strategies in multidisciplinary discussions in a very
difficult-to-treat and difficult-to-decide population.

Regarding patients with local risk resection, we found that
most are adequately treated without surgery, with further resec-
tion in case of recurrence. The follow-up time of our study was
adequate to evaluate this outcome, according to the literature.*

Our study has some limitations. The retrospective design
did not allow further analysis of some variables that may influ-
ence the risk of LNM, such as the width of SM invasion, due
to the presence of missing data in a significant proportion of
cases. Nevertheless, all included patients had information on
the main prognostic variables given that participating centres

had a pathological standardised report with adequate margins,
lymphatic invasion, vascular invasion and tumour size assess-
ment. Furthermore, all participating centres had a prospective
ESD registry minimising the risk of selection and information
biases associated with retrospective studies. Nevertheless, it
is important to address the potential selection bias, especially
regarding undifferentiated early-gastric lesions. Undifferenti-
ated early-gastric cancer accounts for 35%-40% of early-gastric
cancer,” ** and it is reported to lead to a higher incidence of
LNM. In our study, the prevalence of undifferentiated cancers
was lower than that reported in the literature. These lesions may
also be underestimated by the eCura system: in the development
and validation cohort of the original eCura only few undiffer-
entiated early-gastric cancer cases were observed (13.6% and
16.1%, respectively).” Other studies suggested that the validity
of the eCura system must be confirmed or a new scoring system
for undifferentiated early-gastric cancer must be developed.'®**
Similarly, that is also a limitation in our study, and our new system
should also be mainly applied to differentiated cancers. Also,
although the number of included patients is high for a Western
setting, our sample size is smaller than that used in the develop-
ment and validation cohort of the eCura scoring system. This
impaired the de novo derivation of a new scoring system (inde-
pendent of the eCura) assessing the prognosis of Western patients
with LNM. However, our results strongly suggest that the eCura
scoring system is also applicable in the West, with higher accu-
racy by changing one of the criteria, and we present the CIs for
the eCura validation. Finally, the relatively short follow-up time
did not allow us to adequately validate the prognostic value of
eCura regarding cancer-specific mortality (we also used overall
mortality and OS as a surrogate due to the low number of cases)
and cancer recurrence.

In conclusion, our study represents the largest Western series
on NC gastric ESD. The eCura scoring system may also be
applied in Western countries to stratify the risk of LNM, but
we propose a variation, the W-eCura score, that should now
be externally validated in prospective studies. Also, we found
positive VM, lymphatic invasion and age independently associ-
ated with parietal lesion in HRR patients, which may also be
important factors in the selection of patients to gastrectomy.
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Supplementary table 1. Risk factors for parietal residual lesion in the ESD site among LocRR patients (n=89)

Parietal residual lesion

Yes No Unadjusted
OR (95% ClI), p*
Demographics
Gender, n (%)
Female 6(27.3%) 29 (43.3%) Ref.
Male 16 (72.7%) 38 (56.7%) 2.035 (0.708-5.847), 0.187
Age, median (IQR), years 78 (68-81) 74 (70-82) 1.004 (0.953-1.057), 0.878
Lesion characteristics
Paris Classification, n (%)
Polypoid 1(4.5%) 12 (17.9%) Ref.

Non-polypoid, non-depressed 11 (50.0%) 26 (38.8%) 5.077 (0.586-43.951), 0.140

Depressed 10 (45.5%) 29 (43.3%) 4.138 (0.476-35.985), 0.198

Lesion size, median (IQR), mm 30 (10-40) 22 (15-33) 1.016 (0.986-1.047), 0.292
ESD procedure/Histopathological analysis

Complementary techniques, n (%)

Yes 5(22.7%) 19 (28.4%) 0.743 (0.240-2.300), 0.606

No

17 (77.3%)

48 (71.6%)

Ref.

LocRR criteria, n (%)
En-bloc HM1 resection*
Piecemeal

15 (68.2%)
7 (31.8%)

37 (55.2%)

1.737 (0.628-4.810), 0.288
Ref.

30 (44.8%)

*Horizontal margins were evaluated in lesions removed en-bloc (n=52)

LocRR: local-risk resection, IQR: interquartile range, ESD: endoscopic submucosal dissection, LGD: low-grade dysplasia, HGD: high-
grade dysplasia, HM: horizontal margin

* Since in patients with residual lesion no cases of HMO were observed in the “Horizontal margins” variable, univariate logistic
regression and subsequently multivariate logistic regression analysis were not performed

Morais R, et al. Gut 2023;0:1-13. doi: 10.1136/gutjnl-2023-330804






DISCUSSION

7. Discussion

A detailed discussion of each study is provided within the manuscript documents,
in the Results section. An integrated discussion of the main findings of the studies
performed is presented below, along with a summary of their limitations, strengths
and future perspectives regarding clinical applicability and impact in the current

practice.

7.1. Improving screening of upper Gl neoplasia

The applicability and cost-effectiveness of endoscopic screening strategies for
upper Gl neoplasia in Western settings is still an open field for research. This could be
explained by the relatively low incidence of ESCC and GC in most Western countries,
with most of the studies focusing on endoscopic surveillance of BE (4). Interestingly, a
cost-utility study from 2011 by Neil G et al showed that, in the Western world,
extending the screening for ESCC to Barrett’s-associated EAC and GC (by performing a
single EGD at the time of screening colonoscopy) might be a cost-effective method to
screen for multiple cancers simultaneously, with an incremental cost-effectiveness
ratio comparing favorably with commonly performed screening strategies for other
cancers (268). Nevertheless, what we see in our current clinical practice, specifically in
Europe, is distant from what is recommended in the guidelines. Starting with ESCC,
most of the European countries have not routinely implemented endoscopic
screening programs in high-risk populations such as patients with HNN or achalasia.
In addition, the cost-effectiveness of these approaches remains to be evaluated.
Regarding GC, both ESGE guidelines and the Council of the European Union have
recommended the implementation of GC screening programs in countries or regions
with intermediate-high incidence (4, 269). Nevertheless, no organized GC screening
programs have been launched in the European Union yet (65). Several pilot studies are
currently ongoing, such as the TOGAS project (Towards Gastric Cancer Screening
Implementation in the European Union), designed to evaluate the effectiveness of
various strategies for reducing GC mortality in European Union countries; this study

will potentially provide policymakers with evidence to incorporate GC screening into
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healthcare priorities, considering not only effectiveness, but also feasibility,
acceptability and potential long-term consequences (65). In Portugal, although the
cost-effectiveness of performing GC screening concurrently with CRC screening
colonoscopy has been established (162), its nationwide implementation remains
pending. Moreover, in contrast to colonoscopy, EGD with sedation is not yet

reimbursed by the Portuguese Government.

Therefore, there is still a long road ahead for global implementation of endoscopic
screening strategies in the Western countries and, more particularly, in Portugal. Thus,
one of the main objectives of this thesis was to readily identify subgroups of patients
that would conceptually benefit from “opportunistic” screening strategies for upper Gl
neoplasia. Three subgroups were pointed out and analyzed, based on the current body
of literature and clinical experience: i) asymptomatic patients proposed for EGD at the
same time as screening colonoscopy for CRC; ii) patients with cACLD proposed for EGD
for GOEV screening; iii) patients with newly diagnosed HNN. We focused specifically on
the epidemiological setting of Portugal that, as previously discussed, presents unique
characteristics compared to most European countries, namely the intermediate to

high incidence of GC.

In Study 1, we evaluated the frequency of GN in all asymptomatic cACLD patients
who underwent EGD for GOEV screening during a ten-year period (2008-2018) in a
tertiary referral center in Porto, Portugal (270). These patients were compared with
asymptomatic healthy individuals who underwent EGD for GC screening at the same
time as of colonoscopy performed for CRC screening, during a one-year period (2017-
2018) in a private hospital setting. We found a 4-times higher frequency of GN in
patients with cACLD compared to those without this condition. This difference was
observed even after adjustment to demographic (such as age, sex and family history
of GC) and clinical variables (namely Hp status and gastritis staging). Interestingly,
36.8% of GN cases in the cACLD cohort were diagnosed in patients who, according to
the Baveno VI criteria, would have not been submitted to EGD. Two other findings of
our study were that (i) rare histopathological subtypes accounted for 28.7% of gastric
carcinoma cases in the cACLD cohort, and that (ii) over half of the gastric

adenocarcinoma cases were diagnosed in patients without ALD. This suggests that
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other factors beyond the etiology of ACLD, such as liver cirrhosis-associated immune

dysfunction, may contribute to an increased risk of GN in this population.

In the past years, a significant effort has been made with the Baveno VI and Baveno
VIl criteria to assess the risk of GOEV noninvasively, in order to avoid unnecessary EGDs
(while maintaining a very high sensitivity). This is particularly relevant not only taking
into consideration the planetary health impact of endoscopic practice (as previously
highlighted in a study by Ribeiro T et al) (271), but also the associated costs: a recently
published study by Pizzo et al demonstrated that the Baveno VI criteria compared to
generalized EGD are cost-effective and should be considered for widespread
implementation on the basis of safety, appropriateness and economic grounds (272).
However, this analysis was performed from the UK National Health Service perspective
and then repeated for Canada and Spain (all of them countries with low incidence of
GCQ).This motivated a letter to the Editor by our group, alerting that some points should
be addressed before a widespread implementation of the Baveno VI criteria, namely
regarding the potential for opportunistic upper Gl neoplasia detection with EGD (273).
The authors from the original article briefly addressed this question, stating that the
Baveno VI criteria can result in missing GEN detection, particularly in patients at higher

risk, such as those with ALD.

In Study 1, despite being lower than in the cACLD cohort, the frequency of GC
among asymptomatic healthy individuals was still considerable (1%). While the cost-
effectiveness of a screening strategy by EGD at the same time as first screening
colonoscopy has already been demonstrated in Portugal (162), to our knowledge no
previous study evaluated its clinical impact in a real-life scenario. The results of our
study support not only the benefits of screening EGD in the general population but
also that continuing to perform EGD in patients with cACLD may be beneficial, at least
in countries with intermediate-high incidence of GC such as Portugal. Patients with
Child-Pugh A cirrhosis are the ones that will mostly benefit from an early detection of
GC, considering the safety and efficacy of ER techniques (including EMR and ESD) in
this population; previous studies reported similar rates of technical and clinical

success, and of AEs, as compared to the general population (274-277).
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In Study 2, we conducted a prospective single-center study that evaluated an
endoscopic screening program for EN and GN in patients diagnosed with HNN, in a
tertiary referral center. A collaboration protocol was established with the
Otorhinolaryngology and Head and Neck Surgery Department in 2020 and all patients
with newly diagnosed HNN were started to be referred to a Gastroenterology

consultation, for evaluation for screening EGD.

Several Asian studies had previously evaluated the diagnosis and management of
EN in this population, with a recent systematic review and meta-analysis showing a
prevalence of EN of 15% among HNN patients submitted to screening EGD with
chromoendoscopy (278). However, most European countries have not implemented
routine endoscopic screening in patients with HNN. In fact, over the last ten years, only
one study from the Netherlands described an organized endoscopic screening
program in this population (36). Conceptually, endoscopic screening in patients with
HNN can potentially lead to the detection of EN in early stages amenable to ER (279,
280). This is particularly relevant considering that, in the absence of screening
strategies, secondary EN in patients with HNN are often diagnosed at advanced stages,
potentially impacting patient survival even more significantly than the primary HNN
(281-283). Therefore, the potential reasons for the lack of implementation of
endoscopic screening programs in patients with HNN in the Western setting should be
addressed. Such reasons included the uncertainty of the applicability of the results
from Asian studies due to differences in the incidence of HNN and EN. Secondly, when
considering the criteria of Wilson and Jungner to assess the appropriateness of
population-based screening (284), it is questionable whether the criteria for
acceptable treatment can be met in this population in the Western setting. It should
not be forgotten that HNN are many times diagnosed at advanced stages and even
when submitted to treatment with curative intent, the risk of mortality in the follow-
up is significant (279, 285). This is a consequence not only of the baseline HNN but also
of other risk factors, such as (i) the development of second primary tumors other than
EN, (ii) the presence of significant comorbidities, or (iii) unfavorable social-economic
conditions (which in fact was evident in our study, with many refusing to perform
screening EGD or refusing to be enrolled in metachronous screening). While we were

not able to address all these barriers, we evaluated the cost-effectiveness of such an
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endoscopic screening in the Western setting. We defined strict inclusion and exclusion
criteria (namely by only including patients after or proposed to treatment with curative
intent) in order to account, to some extent, for the previously referred issues and
difficulties. In the main analysis, we observed a large overall frequency of EN and GN
(21.7%), with most cases being identified at early stages amenable to ER. While the
frequency of EN was consistent with what has been reported in recent Western studies
(10.9%) (286), the frequency of GN was unexpectedly high (10.9%). Most previous
studies on this topic have focused exclusively on EN, and in the few that also addressed
GN, reported frequency rates ranged only from 0.5 to 1.8% (36, 170, 287). Our findings
suggest that, particularly in a country with intermediate-high incidence of GC such as
Portugal, the clinical impact of EGD screening in patients with HNN may be increased
by the simultaneous screening for two high-risk neoplasias (EN and GN). The health
economic analysis confirmed that such endoscopic screening strategy is cost-effective
in Portugal. Although many questions remain regarding the timing, frequency and
logistical implementation of the endoscopic screening strategy, these results pave the

way for its implementation in all reference centers in Portugal.

7.2. Improving therapeutic management
of upper Gl neoplasia

ESD is now established in the Western setting as the first-line therapy in the
endoscopic management of early EN and GN due to its efficacy, safety and favorable

oncological and quality of life-related outcomes (184).

Nevertheless, regarding SNADETs, many questions remain regarding the most
appropriate ER technique. In fact, the potential benefits of ESD in the duodenum
(namely higher rates of en-bloc resection and low rates of recurrence in the follow-up)
are associated with significant drawbacks, namely a very high incidence of AEs, with
perforation rates between 13-50% even in expert centers (117). Most of the older
published series come from Asian centers (with en-bloc resection rates higher than
90%) (288) but there is also limited evidence on duodenal ESD from Europe. The largest
series to date reported an en-bloc resection rate of 29.7% with a 14.7% recurrence rate

(289). A recent systematic review and meta-analysis by the Royal Free Unit for
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Endoscopy (London, UK) evaluated the efficacy and safety of ESD in the management
of duodenal nonampullary lesions. Analysis of 54 studies including 3672 procedures
showed an en-bloc resection rate of 98.1% (95% Cl=96.2-99.1), RO resection rate of
86.3% (95% C1=82.0-89.7), intraprocedural perforation rate of 8.5% (95% Cl=6.4-11.2)
and delayed perforation rate of 2.0% (95% Cl=1.3-3.1) (290). Low recurrence and
mortality were observed. While these are promising results, it is important to note that
most of the data comes for ultra-specialized expert centers in Asia, and the
applicability of these results in the Western setting requires further evaluation.
Therefore, other alternatives to ESD and C-EMR are being considered, as alternatives in

the therapeutic armamentarium of SNADETs.

In Study 3, we conducted a retrospective multicenter study (10 European centers)
that compared the efficacy and safety of U-EMR versus C-EMR in the management of
SNADETSs (291). This was the first study addressing this question in the Western setting.
We found that, after adjustment for potential confounders, U-EMR was associated with
a lower rate of AEs and recurrence. More interestingly, these results were confirmed in

the sensitivity analysis for lesions >20 mm.

Recently, cold-snare endoscopic mucosal resection (CS-EMR) was proposed as an
alternative in the management of these lesions. A retrospective study comparing CS-
EMR versus C-EMR for large SNADETs showed a significantly lower rate of AEs (bleeding
and perforation) in the CS-EMR group (including no cases of perforation), with
comparable recurrence rate (292). These results were confirmed in a recently published
meta-analysis (293). A subsequent multicenter study from the USA reported a
recurrence rate of 31.5%, with AEs occurring in 3.9% of cases (294). These data show
that CS-EMR is a safe technique, at the cost of a significant rate of recurrence. To date,
only a recent Japanese study compared CS-EMR versus U-EMR for the management of
small (12 mm) SNADETSs (295). Only immediate outcomes were analyzed, with U-EMR
showing superior vertical resectability compared to CS-EMR. On the other hand, CS-
EMR had shorter procedure time and fewer bleeding events. While further
comparative studies are unquestionably necessary, particularly with CS-EMR for large
lesions, our study has shown that U-EMR is a valid and effective technique in the

endoscopic management of SNADETSs.
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7.3. Improving long-term management
of upper Gl neoplasia

As demonstrated in Study 1 and 2, accurate patient selection for endoscopic
screening can lead to early detection of upper Gl neoplasia, in a state still amenable to
ER (270). The choice of endoscopic technique is also of paramount importance to
optimize patient’s outcomes. Nevertheless, even after an uneventful ESD it can be NC
in a significant proportion of cases (up to 36% in EN and 20% in GN) (191, 220, 240,
243, 296). While these patients should be referred for additional treatment (namely
surgical resection), many do not present residual lesion (either LNM or local residual
lesion) in the surgical specimen (210). This emphasizes not only the need to improve
clinical staging and patient selection for ER but also to refine the criteria determining

the need for additional treatment in the event of a NC-ESD (237).

In Study 4, we conducted a multicenter retrospective study (19 Western centers)
that aimed to validate, in the Western setting, the eCura criteria after a NC-gastric ESD,
in an effort to avoid unnecessary surgeries (297). We confirmed that the eCura system
can serve as a valuable tool to stratify the risk of LNM in our population, despite its
baseline characteristics differing from those of the Asian cohort used to develop the
original scoring system. Notably, the area under the curve (AUC) in our study was
superior to the original eCura study (0.900 vs. 0.74) (191). Based on the analysis
obtained in this cohort, we proposed a modification of the original eCura score: the W-
eCura. The W-eCura showed a higher accuracy (albeit minimal) than the original eCura
system, while maintaining a very high sensitivity. This highlights the potential benefit
of this score, particularly in high-risk surgical patients in whom a careful and
thoughtful decision should be taken. Our study motivated a letter to the Editor from
the authors of original eCura score (298). In this letter, the need for further validation
in an external cohort was underscored. As stated in our letter of response (299), a
validation study with an external cohort is warranted to assess the real differences
between the two systems, and which could fit better in Western and Asian cohorts. In
an optimal setting, the study should involve either Western and Asian centers and
include a centralized and standard evaluation of the ESD specimens by expert

pathologists. This would minimize the differences in specimen handling and

125



126

DISCUSSION

histopathological analysis (239) that may contribute to the significant differences
observed in the discriminative ability of the scores in the two studies. On the other
hand, a significant effort is needed for further refinement of risk stratification. This may
involve a future use of liquid biopsy: recently, risk stratification consisting of
transcriptomic panel and pathological factors for predicting LNM in T1 CRC has been
developed, demonstrating an AUC of 0.90 (300). Some other tools have been
developed, namely nomograms to predict not only the preprocedural risk of needing
further gastrectomy, considering morphological, histological and imaging features of
the ESD target lesion, but also postprocedural features, to predict the rate of LNM; the
use of Artificial Intelligence (Al) systems has also been reported (301, 302). Other
alternatives under investigation include: i) the combination of ESD with laparoscopic
lymph node dissection to potentially avoid gastrectomy (303); ii) sentinel node biopsy

(304-306).

Another important point that should be discussed, also highlighted in the letter to
the Editor by the creators of eCura, is the growing evidence suggesting that high-risk
resections with low-risk eCura category could be reclassified as very low or low-risk
resections (curative), particularly in elderly patients and those with severe
comorbidities. In our study, no LNM were detected in the low-risk category of both
eCura and W-eCura, which supports these assumptions. Nevertheless, in our study, the
number of patients in this subgroup was low and these results should be interpreted
cautiously. Two recent studies (one from Australia and one from Japan) confirmed the
safety and efficacy of ESD on elderly patients with EGC, even in those with only relative
indication for ESD (307, 308). Our study highlights the growing role of ER in the
management of EGC with expanded criteria and may help to avoid significant

morbidity associated with unnecessary surgeries.

After a successful ESD, long-term follow-up with annual EGD is necessary not only
due to the risk of local recurrence but particularly due to the risk of metachronous
lesions (244, 247, 309). In this regard, a recent multicenter study is ongoing, with the
objective to externally validate the FAMISH Score (unpublished data). Preliminary data
showed that the FAMISH risk score achieved a fair diagnostic accuracy with an AUC of

0.618 at 3 years of follow-up and of 0.597 at five years of follow-up. This score may be
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a useful tool to identify patients with low risk for metachronous lesions, possibly

allowing to safely extend surveillance intervals and reduce the burden of care.
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8. Limitations, strengths and
clinical implications

This thesis has several limitations that should be acknowledged. First, three out of
the four studies are retrospective, so that there was missing information for some key

variables. This limitation restricted the scope of further analyses.

A selection bias was also evident in all studies, since, even in those that were
multicenter, only tertiary referral centers were included. While this is a consequence of
our current clinical practice, this may limit the generalizability of our results. It is
important to note that particularly the studies that aimed to improve screening of
upper Gl neoplasia (Study 1 and 2) were performed in Portugal, a country with very
specific epidemiological characteristics compared to most European countries,
namely regarding the incidence of GC. This may limit the generalization of the results
to other European countries. Nevertheless, an effort was made to increase the
generalizability of our finding: for example, in Study 2, in the cost-utility analysis, a
probabilistic sensitivity analysis using data on prevalence of EN among HNN patients
in studies from 4 other Western countries (the Netherlands, Brazil, Germany and

France) was performed.

This thesis has also several strengths. First, two of the studies were multicentric
involving very important reference Western centers, which supports the clinical
applicability of the findings. On the other hand, all the studies bring innovative and
clinically relevant insights on significant gaps of knowledge in the current body of the

literature:

Study 1 was the first study to compare the frequency of GN in cACLD patients

compared to healthy individuals.

Study 2 was the first to analyze the cost-utility of endoscopic screening in HNN

in the Western setting.

Study 3 was the first Western study to compare U-EMR with C-EMR for the

management of SNADETs. It is also one of the largest series on this topic.
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Study 4 was the first to assess the adequacy of eCura in the Western setting. It

also represents the largest Western cohort in NC gastric ESD.

In all studies, the main endpoints were clinical. Nevertheless, whenever possible, a
clinical-histopathological correlation was established. In fact, this collaboration is of
paramount importance and may have significant clinical implications. In Study 1, a
thorough histopathological characterization of the GN in cACLD patients was
performed and gave us further insights into the unexpected high incidence of GN in
this population. In Study 2, a detailed histopathological characterization of the
detected GEN and matched HNN was performed, with evaluation of biomarkers of viral
infections. The underlying results confirmed that viral infections play a limited role in
the field cancerization phenomenon that initiate synchronous GEN. This could
potentially influence patient selection for endoscopic screening. For example, in a
patient with an HPV-associated HNN who is a non-smoker and does not consume
alcohol, endoscopic screening is likely unwarranted. Finally, a recently published study
that is related with this PhD thesis (see Appendix — other related outputs) is a primer
example of the importance and potential impact of a close correlation between clinical
and histopathological data (310). In this study, a complete characterization of gastric
polyps in patients with FAP was performed in a series of Portuguese patients and
showed a high prevalence of intestinal-type gastric adenomas, comparable to Asian
cohorts, in probable relation to the high prevalence of Hp infection in the Portuguese
population. These specific lesions were larger (>7 mm), occurred predominantly in the
distal stomach and in patients with gastric IM and duodenal adenomas. These findings
may have a significant clinical impact in patients with FAP in Portugal, tailoring the

endoscopic follow-up and therapeutic management in these patients.

Even in the short-term, the works developed in this thesis can have significant
clinical implications. Regarding screening of upper Gl neoplasia, at least in Portugal
and other European countries with intermediate-high incidence of GC, continuing to
perform EGD in patients with cACLD should be considered, instead of a non-invasive
approach for evaluation of GOEV. Our evidence also supports the implementation of a
nationwide endoscopic screening program for EN in patients with HNN (with strict
inclusion and exclusion criteria) in Portugal, with these recommendations probably

being applicable to most middle-high income European countries. Regarding the
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therapeutic management of SNADETs, U-EMR is an effective and safe alternative to C-
EMR, and should be considered, particularly in expert centers with experience in the
technique. Finally, eCura and W-eCura can be useful tools in the decision-making after
a NC gastric ESD in the Western setting. Their utility may be more pronounced in older

patients or those with significant comorbidities.
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9. Future perspectives

After the work developed in this thesis, many open questions remain and should be
addressed in the medium and long-term, highlighting the continuous effort from our

team and Department to improve the diagnosis, management of upper Gl neoplasia.

Regarding the screening of upper Gl neoplasia, an accurate identification of which
individuals of the asymptomatic individuals who may benefit from screening assumes
afundamental role. However, precise diagnostic risk stratification tools are still needed,
possibly based on a combination of demographic features, family history and serology
(63). For example, of great promise is the development of next-generation
sequencing-based tests to risk stratify affected mucosa at highest risk for GC
progression, as well as molecular risk stratification through genomic, epigenomic, or
transcriptomic profiling (63, 311). The potential role of Al in this setting should not be
underestimated, with recent studies using both machine learning and deep learning
models having shown the potential of this technology in the identification of high-risk
patients that could benefit from endoscopic screening and surveillance (312, 313).
Nevertheless, these technologies require further validation and assessment of their
effectiveness, so that they will probably not be readily available in daily clinical practice

in the near future.

Regarding endoscopic screening of patients with cACLD, further studies should
focus on the evaluation of the cost-effectiveness analysis of the Baveno criteria in
European countries with intermediate-high risk of GC (such as Portugal, Lithuania,
Romania, or Slovenia). A sensitivity analysis could take into consideration the
significantly higher prevalence of GN in this population and the potential benefits of
early detection. Identification of additional risk factors for GC in these patients (other
than the etiology of cirrhosis) seems of paramount importance, as it may lead to a
tailored selection of those who really benefit from an invasive and simultaneous
screening for both GOEVs and upper Gl neoplasia. Taking these factors into
consideration, a new project from our team is ongoing that aims to perform a health
economic analysis to evaluate the cost-utility of the Baveno VII criteria compared to

screening EGD in European countries with intermediate-high risk of GC.
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Regarding the therapeutic management of upper Gl neoplasia, this thesis focused
only on epithelial lesions. Nevertheless, many questions remain regarding the best
therapeutic approach and long-term outcomes of gastroduodenal neuroendocrine
tumors (314). In this context, we are conducting a multinational project (including at
the end of data collection 445 patients from 24 Western centers) to characterize the
endoscopic techniques used and outcomes after resection of gastroduodenal

neuroendocrine tumors in the last ten years.

Currently, there is no evaluation system for NC esophageal ESD. With the NC-ESD
project, we are now aiming to evaluate the frequency of residual disease and
outcomes after a NC ESD for ESCC (226). If possible, drawing on the eCura and W-eCura
models, it is our objective to design and validate a tool to evaluate the risk of LNM and
residual disease after NC esophageal ESD, in order to better select patients who are

more likely to benefit from salvage surgery or other additional treatments.

Current guidelines only take into consideration the lesion size or if it causes
symptoms in the decision to resect a hyperplastic gastric polyp (315, 316). Another
ongoing multicenter project (including 782 cases from 8 centers from Portugal) aims
at evaluating the frequency and risk factors for malignant transformation of gastric
hyperplastic polyps. With this study, we seek to identify novel risk factors that may
contribute to the development of GN within the gastric hyperplastic polyp or as a
metachronous lesion in the follow-up. This may improve ER technique selection and

further surveillance in patients with these lesions.

The healing process of the post-ESD defect is still not well understood. The majority
of patients that undergo curative en-bloc endoscopic resection of GN usually develop
homogeneous and flat epithelized scar covered by a regular-appearing mucosa with
correspondent fibrosis. However, not infrequently, certain patients can develop
aberrant and protuberant polypoid nodules in the post-ESD scar (317). This may have
direct clinical implications because it may render evaluation of post-ESD neoplastic
recurrence difficult. In the original project of this thesis, an Al project was intended,
with the objective of developing a convolutional neural network based on images of
the scar to predict the presence of residual lesion after gastric ESD. Currently, images

and video collection are being performed. The very low rate of local recurrence after
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gastric ESD (318) in association with the need for a very high number of images/videos
is the explanation behind the need for more time before an Al model can be designed.
Nevertheless, if this model shows good accuracy, its impact may be significant not only
for a clinical standpoint but also from an economic and environmental perspective (by

obviating the need for biopsies of the scar or unnecessary ER procedures).

In the long-term, it is important to note that the endoscopic screening program in
patients with HNN is still ongoing at our Department, and it is our objective to re-
analyze the datain 5 years. Further studies could focus on optimizing patient selection,
evaluating the long-term clinical impact of screening, and the cost-effectiveness of

alternative strategies, such as metachronous or one-time screening.

Finally, in the future, it would be relevant to conduct a multicenter Western-Asian
study with the objective to further validate the W-eCura, with centralized evaluation
both by Western and Japanese pathologists. This would further support the
generalized used of this score for patient selection for additional treatment after a NC

gastric ESD.

The complete list of the ongoing projects | am currently participating as a main
author/coordinator is present in Table 2.
Table 2. Future research

ONGOING PROJECTS STUDY TYPE

Cost-utility of endoscopy versus the Baveno VI criteria
for gastroesophageal varices screening in a country with
intermediate-high incidence of gastric cancer

Health economic
analysis

Retrospective
multicenter study
(Europe and Australia)

Endoscopic management of gastroduodenal neuroendocrine
neoplasms - clinical outcomes and prognostic factors

Retrospective
multicenter study
(Europe and Australia)

Risk of residual neoplasia after a noncurative esophageal
endoscopic submucosal dissection

Frequency and risk factors for malignant evolution of gastric
hyperplastic polyps in a country with an intermediate-high risk
for gastric cancer

Retrospective
multicenter study
(Portugal)

Role of artificial intelligence in the scar evaluation after
endoscopic submucosal dissection of early gastric cancer

Prospective
single-center study
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10. Conclusions

This thesis aimed at improving the diagnosis, endoscopic management and long-

term outcomes after ER of upper Gl neoplasia. We demonstrated that:

There is a large frequency of GN among healthy individuals who undergo
colonoscopy in Portugal. We have found evidence supporting the adoption of

concurrent EGD and colonoscopy in Portugal.

In Portugal, EGD should continue to be the first-line screening method for

GOEV in cACLD patients, due to the high frequency of GN in this population.
Screening for EN in HNN patients is cost-effective in Portugal.

U-EMR is a safe and effective alternative to C-EMR in the management of

SNADETSs.

eCura is applicable in the Western setting for risk stratification after a NC gastric
ESD. The W-eCura is a promising tool, potentially with higher accuracy than
eCura. It can help in the decision making for risk stratification, particularly in

elder patients or those with significant comorbidities.

137






REFERENCES

11. References

10.

11.

12.

13.

14.

15.

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et al. Global Cancer
Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36
Cancers in 185 Countries. CA Cancer J Clin. 2021;71(3):209-49.

Danpanichkul P, Suparan K, Tothanarungroj P, Dejvajara D, Rakwong K, Pang Y, et al.
Epidemiology of gastrointestinal cancers: a systematic analysis from the Global Burden
of Disease Study 2021. Gut. 2024.

GLOBOCAN database IAfRoC, WHO. [Available from: https://gco.iarc.fr/today/en.

Saftoiu A, Hassan C, Areia M, Bhutani MS, Bisschops R, Bories E, et al. Role of
gastrointestinal endoscopy in the screening of digestive tract cancers in Europe:
European Society of Gastrointestinal Endoscopy (ESGE) Position Statement. Endoscopy.
2020;52(4):293-304.

Arnold M, Abnet CC, Neale RE, Vignat J, Giovannucci EL, McGlynn KA, et al. Global Burden
of 5 Major Types of Gastrointestinal Cancer. Gastroenterology. 2020;159(1):335-49.e15.

Arnold M, Ferlay J, van Berge Henegouwen MI, Soerjomataram |. Global burden of
oesophageal and gastric cancer by histology and subsite in 2018. Gut. 2020;69(9):1564-
71.

Kato M, Kanai T, Yahagi N. Endoscopic resection of superficial non-ampullary duodenal
epithelial tumor. DEN open. 2022;2(1):e54-e.

Enzinger PC, Mayer RJ. Esophageal cancer. N Engl J Med. 2003;349(23):2241-52.

Abnet CC, Arnold M, Wei WQ. Epidemiology of Esophageal Squamous Cell Carcinoma.
Gastroenterology. 2018;154(2):360-73.

The global, regional, and national burden of oesophageal cancer and its attributable risk
factors in 195 countries and territories, 1990-2017: a systematic analysis for the Global
Burden of Disease Study 2017. Lancet Gastroenterol Hepatol. 2020;5(6):582-97.

Lin Y, Wang HL, Fang K, Zheng Y, Wu J. International trends in esophageal cancer
incidence rates by histological subtype (1990-2012) and prediction of the rates to 2030.
Esophagus. 2022;19(4):560-8.

Allemani C, MatsudaT, Di Carlo V, Harewood R, Matz M, Niksi¢ M, et al. Global surveillance
of trends in cancer survival 2000-14 (CONCORD-3): analysis of individual records for
37 513 025 patients diagnosed with one of 18 cancers from 322 population-based
registries in 71 countries. Lancet. 2018;391(10125):1023-75.

Pandeya N, Olsen CM, Whiteman DC. Sex differences in the proportion of esophageal
squamous cell carcinoma cases attributable to tobacco smoking and alcohol
consumption. Cancer Epidemiol. 2013;37(5):579-84.

Brown LM, Hoover R, Silverman D, Baris D, Hayes R, Swanson GM, et al. Excess incidence
of squamous cell esophageal cancer among US Black men: role of social class and other
risk factors. Am J Epidemiol. 2001;153(2):114-22.

Sheikh M, Poustchi H, Pourshams A, Etemadi A, Islami F, Khoshnia M, et al. Individual and
Combined Effects of Environmental Risk Factors for Esophageal Cancer Based on Results
From the Golestan Cohort Study. Gastroenterology. 2019;156(5):1416-27.

139


https://gco.iarc.fr/today/en

11

140

16.

17.

18.

19.

20.

21.

22

23.

24,

25.

26.

27.

28.

29.

30.

31.

REFERENCES

Middleton DR, Menya D, Kigen N, Oduor M, Maina SK, Some F, et al. Hot beverages and
oesophageal cancer risk in western Kenya: Findings from the ESCCAPE case-control
study. Int J Cancer. 2019;144(11):2669-76.

Morton LM, Gilbert ES, Hall P, Andersson M, Joensuu H, Vaalavirta L, et al. Risk of
treatment-related esophageal cancer among breast cancer survivors. Ann Oncol.
2012;23(12):3081-91.

Andreollo NA, Tercioti V, Jr,, Coelho Neto JS, Ferrer JAP, Lopes LR. Caustic stenosis of the
esophagus and malignant neoplasia: A dilemma. Front Oncol. 2022;12:1059524.

Arai T, Ono S, Takubo K. Squamous Neoplastic Precursor Lesions of the Esophagus.
Gastroenterol Clin North Am. 2024;53(1):25-38.

Nagtegaal ID, Odze RD, Klimstra D, Paradis V, Rugge M, Schirmacher P, et al. The 2019
WHO classification of tumours of the digestive system. Histopathology. 2020;76(2):182-
8.

Doki Y, Tanaka K, Kawachi H, Shirakawa Y, Kitagawa Y, Toh Y, et al. Japanese Classification
of Esophageal Cancer, 12th Edition: Part Il. Esophagus. 2024;21(3):216-69.

Kim J, Bowlby R, Mungall AJ, Robertson AG, Odze RD, Cherniack AD, et al. Integrated
genomic characterization of oesophageal carcinoma. Nature. 2017;541(7636):169-75.

Agrawal N, Jiao Y, Bettegowda C, Hutfless SM, Wang Y, David S, et al. Comparative
genomic analysis of esophageal adenocarcinoma and squamous cell carcinoma. Cancer
Discov. 2012;2(10):899-905.

Chang F, Shen Q, Zhou J, Wang C, Wang D, Syrjanen S, et al. Detection of human
papillomavirus DNA in cytologic specimens derived from esophageal precancer lesions
and cancer. Scand J Gastroenterol. 1990;25(4):383-8.

Gao GF, Roth MJ, Wei WQ, Abnet CC, Chen F, Lu N, et al. No association between HPV
infection and the neoplastic progression of esophageal squamous cell carcinoma: result
from a cross-sectional study in a high-risk region of China. IntJ Cancer. 2006;119(6):1354-
9.

Oyouni AAA. Human papillomavirus in cancer: Infection, disease transmission, and
progress in vaccines. J Infect Public Health. 2023;16(4):626-31.

Baj J, Forma A, Dudek I, Chilimoniuk Z, Dobosz M, Dobrzyniski M, et al. The Involvement
of Human Papilloma Virus in Gastrointestinal Cancers. Cancers (Basel). 2022;14(11).

Petrelli F, De Santi G, Rampulla V, Ghidini A, Mercurio P, Mariani M, et al. Human
papillomavirus (HPV) types 16 and 18 infection and esophageal squamous cell
carcinoma: a systematic review and meta-analysis. J Cancer Res Clin Oncol.
2021;147(10):3011-23.

CaoF, LiYZ, Zhang DY, Wang XY, Chen WX, Liu FH, et al. Human papillomavirus infection
and the risk of cancer at specific sites other than anogenital tract and oropharyngeal
region: an umbrella review. EBioMedicine. 2024;104:105155.

Bauer AH, Alkhateeb KJ, Agoston AT, Odze RD, Joshi MG, Huffman BM, et al.
Transcriptionally Active Human Papillomavirus Infection in a Minority of Esophageal
Squamous Cell Carcinomas in North America. Am J Surg Pathol. 2024;48(7):883-9.

Schlemper RJ, Dawsey SM, Itabashi M, Iwashita A, Kato Y, Koike M, et al. Differences in
diagnostic criteria for esophageal squamous cell carcinoma between Japanese and
Western pathologists. Cancer. 2000;88(5):996-1006.



32
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

REFERENCES

Dixon MF. Gastrointestinal epithelial neoplasia: Vienna revisited. Gut. 2002;51(1):130-1.

Joshi N, Johnson LL, Wei WQ, Abnet CC, Dong ZW, Taylor PR, et al. Gene expression
differences in normal esophageal mucosa associated with regression and progression
of mild and moderate squamous dysplasia in a high-risk Chinese population. Cancer Res.
2006;66(13):6851-60.

SuH, Liu K, ZhaoY, Shi F, Li Y, Wu J, et al. High Serum Squamous Cell Carcinoma Antigen
Level Associated with Remission of Mild/Moderate Dysplasia of the Esophagus: A
Nested Case-Control Study. Gastroenterology Research and Practice. 2022;2022.

Wang LD, Yang HH, Fan ZM, Lu XD, Wang JK, Liu XL, et al. Cytological screening and 15
years' follow-up (1986-2001) for early esophageal squamous cell carcinoma and
precancerous lesions in a high-risk population in Anyang County, Henan Province,
Northern China. Cancer Detect Prev. 2005;29(4):317-22.

van Tilburg L, Spaander MCW, Bruno MJ, Oudijk L, Heij LR, Doukas M, et al. Increased risk
of esophageal squamous cell carcinoma in patients with squamous dysplasia: a
nationwide cohort study in the Netherlands. Dis Esophagus. 2023;36(12).

Coleman HG, Xie SH, Lagergren J. The Epidemiology of Esophageal Adenocarcinoma.
Gastroenterology. 2018;154(2):390-405.

Arnold M, Soerjomataram |, Ferlay J, Forman D. Global incidence of oesophageal cancer
by histological subtype in 2012. Gut. 2015;64(3):381-7.

Thrift AP, Whiteman DC. The incidence of esophageal adenocarcinoma continues to rise:
analysis of period and birth cohort effects on recent trends. Ann Oncol.
2012;23(12):3155-62.

Arnold M, Laversanne M, Brown LM, Devesa SS, Bray F. Predicting the Future Burden of
Esophageal Cancer by Histological Subtype: International Trends in Incidence up to
2030. Am J Gastroenterol. 2017;112(8):1247-55.

Lagergren J, Lagergren P. Recent developments in esophageal adenocarcinoma. CA
Cancer J Clin. 2013;63(4):232-48.

McColl KEL. What is causing the rising incidence of esophageal adenocarcinoma in the
West and will it also happen in the East? J Gastroenterol. 2019;54(8):669-73.

Thrift AP. The epidemic of oesophageal carcinoma: Where are we now? Cancer
Epidemiol. 2016;41:88-95.

Cook MB, Corley DA, Murray LJ, Liao LM, Kamangar F, Ye W, et al. Gastroesophageal reflux
in relation to adenocarcinomas of the esophagus: a pooled analysis from the Barrett's
and Esophageal Adenocarcinoma Consortium (BEACON). PLoS One. 2014;9(7):e103508.

Drahos J, Xiao Q, Risch HA, Freedman ND, Abnet CC, Anderson LA, et al. Age-specific risk
factor profiles of adenocarcinomas of the esophagus: A pooled analysis from the
international BEACON consortium. Int J Cancer. 2016;138(1):55-64.

Weusten B, Bisschops R, Dinis-Ribeiro M, di Pietro M, Pech O, Spaander MCW, et al.
Diagnosis and management of Barrett esophagus: European Society of Gastrointestinal
Endoscopy (ESGE) Guideline. Endoscopy. 2023;55(12):1124-46.

Vaughan TL, Fitzgerald RC. Precision prevention of oesophageal adenocarcinoma. Nat
Rev Gastroenterol Hepatol. 2015;12(4):243-8.

11

141



11

142

48.

49.

50.

51.

52.

53.

54.

55.

56.
57.

58.

59.

60.

61.

62.

63.

REFERENCES

Cook MB, Kamangar F, Whiteman DC, Freedman ND, Gammon MD, Bernstein L, et al.
Cigarette smoking and adenocarcinomas of the esophagus and esophagogastric
junction: a pooled analysis from the international BEACON consortium. J Natl Cancer
Inst. 2010;102(17):1344-53.

Freedman ND, Murray LJ, Kamangar F, Abnet CC, Cook MB, Nyrén O, et al. Alcohol intake
and risk of oesophageal adenocarcinoma: a pooled analysis from the BEACON
Consortium. Gut. 2011;60(8):1029-37.

Derakhshan MH, Arnold M, Brewster DH, Going JJ, Mitchell DR, Forman D, et al.
Worldwide Inverse Association between Gastric Cancer and Esophageal
Adenocarcinoma Suggesting a Common Environmental Factor Exerting Opposing
Effects. Am J Gastroenterol. 2016;111(2):228-39.

Mitchell DR, Derakhshan MH, Wirz AA, Orange C, Ballantyne SA, Going JJ, et al. The
gastric acid pocket is attenuated in H. pylori infected subjects. Gut. 2017;66(9):1555-62.

Nie S, Chen T, Yang X, Huai P, Lu M. Association of Helicobacter pylori infection with
esophageal adenocarcinoma and squamous cell carcinoma: a meta-analysis. Dis
Esophagus. 2014;27(7):645-53.

Rokkas T, Pistiolas D, Sechopoulos P, Robotis I, Margantinis G. Relationship between
Helicobacter pylori infection and esophageal neoplasia: a meta-analysis. Clin
Gastroenterol Hepatol. 2007;5(12):1413-7, 7.e1-2.

Wiklund AK, Santoni G, Yan J, Radkiewicz C, Xie S, Birgisson H, et al. Risk of Esophageal
Adenocarcinoma After Helicobacter pylori Eradication Treatment in a Population-Based
Multinational Cohort Study. Gastroenterology. 2024;167(3):485-92.e3.

Guo X, Wang Y, Cai H. Enhancing Research on Helicobacter pylori Eradication and
Esophageal Adenocarcinoma Risk: A Call for Broader Studies and Methodological Rigor.
Gastroenterology. 2024.

Spechler SJ, Souza RF. Barrett's esophagus. N Engl J Med. 2014;371(9):836-45.

Marques de Sa |, Marcos P, Sharma P, Dinis-Ribeiro M. The global prevalence of Barrett's
esophagus: A systematic review of the published literature. United European
Gastroenterol J. 2020;8(9):1086-105.

Spechler SJ, Sharma P, Souza RF, Inadomi JM, Shaheen NJ. American Gastroenterological
Association medical position statement on the management of Barrett's esophagus.
Gastroenterology. 2011;140(3):1084-91.

Fitzgerald RC, di Pietro M, Ragunath K, Ang Y, Kang JY, Watson P, et al. British Society of
Gastroenterology guidelines on the diagnosis and management of Barrett's
oesophagus. Gut. 2014;63(1):7-42.

Shaheen NJ, Falk GW, lyer PG, Souza RF, Yadlapati RH, Sauer BG, et al. Diagnosis and
Management of Barrett's Esophagus: An Updated ACG Guideline. Am J Gastroenterol.
2022;117(4):559-87.

Wijnhoven BP, Tilanus HW, Dinjens WN. Molecular biology of Barrett's adenocarcinoma.
Ann Surg. 2001;233(3):322-37.

Vennalaganti P, Kanakadandi V, Goldblum JR, Mathur SC, Patil DT, Offerhaus GJ, et al.
Discordance Among Pathologists in the United States and Europe in Diagnosis of Low-
Grade Dysplasia for Patients With Barrett's Esophagus. Gastroenterology.
2017;152(3):564-70.e4.

Huang RJ, Laszkowska M, In H, Hwang JH, Epplein M. Controlling Gastric Cancer in a
World of Heterogeneous Risk. Gastroenterology. 2023;164(5):736-51.



64.

65.
66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

REFERENCES

Pabla BS, Shah SC, Corral JE, Morgan DR. Increased Incidence and Mortality of Gastric
Cancer in Immigrant Populations from High to Low Regions of Incidence: A Systematic
Review and Meta-Analysis. Clin Gastroenterol Hepatol. 2020;18(2):347-59.e5.

Leja M. Where are we with gastric cancer screening in Europe in 2024? Gut. 2024.

Libanio D, Rodrigues JR, Bento MJ, Ebigbo A, Messman H, Verhoeven RHA, et al. Gastric
cancer incidence and mortality trends 2007-2016 in three European countries.
Endoscopy. 2022;54(7):644-52.

Morais S, Ferro A, Bastos A, Castro C, Lunet N, Peleteiro B. Trends in gastric cancer
mortality and in the prevalence of Helicobacter pylori infection in Portugal. Eur J Cancer
Prev. 2016;25(4):275-81.

Sedeta E, Sung H, Laversanne M, Bray F, Jemal A. Recent Mortality Patterns and Time
Trends for the Major Cancers in 47 Countries Worldwide. Cancer Epidemiol Biomarkers
Prev. 2023;32(7):894-905.

Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram |, et al. Global cancer
statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. 2024;74(3):229-63.

Morgan E, Arnold M, Camargo MC, Gini A, Kunzmann AT, Matsuda T, et al. The current
and future incidence and mortality of gastric cancer in 185 countries, 2020-40: A
population-based modelling study. EClinicalMedicine. 2022;47:101404.

Zhang X, Li M, Chen S, Hu J, Guo Q, Liu R, et al. Endoscopic Screening in Asian Countries
Is Associated With Reduced Gastric Cancer Mortality: A Meta-analysis and Systematic
Review. Gastroenterology. 2018;155(2):347-54.e9.

Gullo I, Grillo F, Mastracci L, Vanoli A, Carneiro F, Saragoni L, et al. Precancerous lesions of
the stomach, gastric cancer and hereditary gastric cancer syndromes. Pathologica.
2020;112(3):166-85.

de Martel C, Georges D, Bray F, Ferlay J, Clifford GM. Global burden of cancer attributable
to infections in 2018: a worldwide incidence analysis. Lancet Glob Health.
2020;8(2):e180-e90.

Polk DB, Peek RM, Jr. Helicobacter pylori: gastric cancer and beyond. Nat Rev Cancer.
2010;10(6):403-14.

Shah SC, Piazuelo MB, Kuipers EJ, Li D. AGA Clinical Practice Update on the Diagnosis and
Management of Atrophic Gastritis: Expert Review. Gastroenterology. 2021;161(4):1325-
32.e7.

Fukayama M, Abe H, Kunita A, Shinozaki-Ushiku A, Matsusaka K, Ushiku T, et al. Thirty
years of Epstein-Barr virus-associated gastric carcinoma. Virchows Arch.
2020;476(3):353-65.

Sanduleanu S, Jonkers D, De Bruine A, Hameeteman W, Stockbriigger RW. Non-
Helicobacter pylori bacterial flora during acid-suppressive therapy: differential findings
in gastric juice and gastric mucosa. Aliment Pharmacol Ther. 2001;15(3):379-88.

Ladeiras-Lopes R, Pereira AK, Nogueira A, Pinheiro-Torres T, Pinto |, Santos-Pereira R, et
al. Smoking and gastric cancer: systematic review and meta-analysis of cohort studies.
Cancer Causes Control. 2008;19(7):689-701.

Tsugane S, Sasazuki S, Kobayashi M, Sasaki S. Salt and salted food intake and subsequent
risk of gastric cancer among middle-aged Japanese men and women. Br J Cancer.
2004;90(1):128-34.

143



11

144

80.

81.

82.

83.

84.

85.

86.
87.

88.

89.

90.

91.

92.

93.

94,

95.

REFERENCES

Tsugane S, Sasazuki S. Diet and the risk of gastric cancer: review of epidemiological
evidence. Gastric Cancer. 2007;10(2):75-83.

Gonzalez CA, Jakszyn P, Pera G, Agudo A, Bingham S, Palli D, et al. Meat intake and risk
of stomach and esophageal adenocarcinoma within the European Prospective
Investigation Into Cancer and Nutrition (EPIC). J Natl Cancer Inst. 2006;98(5):345-54.

Lunet N, Valbuena C, Vieira AL, Lopes C, Lopes C, David L, et al. Fruit and vegetable
consumption and gastric cancer by location and histological type: case-control and
meta-analysis. Eur J Cancer Prev. 2007;16(4):312-27.

Abnet CC, Freedman ND, Kamangar F, Leitzmann MF, Hollenbeck AR, Schatzkin A. Non-
steroidal anti-inflammatory drugs and risk of gastric and oesophageal
adenocarcinomas: results from a cohort study and a meta-analysis. Br J Cancer.
2009;100(3):551-7.

Oliveira C, Pinheiro H, Figueiredo J, Seruca R, Carneiro F. Familial gastric cancer: genetic
susceptibility, pathology, and implications for management. Lancet Oncol.
2015;16(2):e60-70.

Linhares M, Pinto CM, Libanio D, Teixeira MR, Dinis-Ribeiro M, Brandao C. Gastric Cancer:
A Practical Review on Management of Individuals with Hereditary or Familial Risk for
Gastric Cancer. GE Port J Gastroenterol. 2023;30(4):253-66.

Correa P. A human model of gastric carcinogenesis. Cancer Res. 1988;48(13):3554-60.

Laszkowska M, Truong H, Faye AS, Kim J, Tan SX, Lim F, et al. Prevalence of Extensive and
Limited Gastric Intestinal Metaplasia and Progression to Dysplasia and Gastric Cancer.
Dig Dis Sci. 2022;67(8):3693-701.

Li D, Bautista MC, Jiang SF, Daryani P, Brackett M, Armstrong MA, et al. Risks and
Predictors of Gastric Adenocarcinoma in Patients with Gastric Intestinal Metaplasia and
Dysplasia: A Population-Based Study. Am J Gastroenterol. 2016;111(8):1104-13.

Dixon MF, Genta RM, Yardley JH, Correa P. Classification and grading of gastritis. The
updated Sydney System. International Workshop on the Histopathology of Gastritis,
Houston 1994. Am J Surg Pathol. 1996;20(10):1161-81.

Rugge M, Meggio A, Pennelli G, Piscioli F, Giacomelli L, De Pretis G, et al. Gastritis staging
in clinical practice: the OLGA staging system. Gut. 2007;56(5):631-6.

Rugge M, Fassan M, Pizzi M, Farinati F, Sturniolo GC, Plebani M, et al. Operative link for
gastritis assessment vs operative link on intestinal metaplasia assessment. World J
Gastroenterol. 2011;17(41):4596-601.

Marcos-Pinto R, Carneiro F, Dinis-Ribeiro M, Wen X, Lopes C, Figueiredo C, et al. First-
degree relatives of patients with early-onset gastric carcinoma show even at young ages
a high prevalence of advanced OLGA/OLGIM stages and dysplasia. Aliment Pharmacol
Ther. 2012;35(12):1451-9.

Pimentel-Nunes P, Libanio D, Lage J, Abrantes D, Coimbra M, Esposito G, et al. A
multicenter prospective study of the real-time use of narrow-band imaging in the
diagnosis of premalignant gastric conditions and lesions. Endoscopy. 2016;48(8):723-30.

Esposito G, Pimentel-Nunes P, Angeletti S, Castro R, Libanio D, Galli G, et al. Endoscopic
grading of gastric intestinal metaplasia (EGGIM): a multicenter validation study.
Endoscopy. 2019;51(6):515-21.

Kawamura M, Koike T, Ogata Y, Matsumoto R, Yano K, Hiratsuka T, et al. Endoscopic
Grading of Gastric Intestinal Metaplasia Using Magnifying and Nonmagnifying Narrow-
Band Imaging Endoscopy. Diagnostics (Basel). 2022;12(12).



96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

REFERENCES

Japanese classification of gastric carcinoma: 3rd English edition. Gastric Cancer.
2011;14(2):101-12.

Gullo |, Carneiro F, Oliveira C, Alimeida GM. Heterogeneity in Gastric Cancer: From Pure
Morphology to Molecular Classifications. Pathobiology. 2018;85(1-2):50-63.

Lauren P.THE TWO HISTOLOGICAL MAIN TYPES OF GASTRIC CARCINOMA: DIFFUSE AND
SO-CALLED INTESTINAL-TYPE CARCINOMA. AN ATTEMPT AT A HISTO-CLINICAL
CLASSIFICATION. Acta Pathol Microbiol Scand. 1965;64:31-49.

Nakamura K, Sugano H, Takagi K. Carcinoma of the stomach in incipient phase: its
histogenesis and histological appearances. Gan. 1968;59(3):251-8.

Carneiro F, Seixas M, Sobrinho-Simoes M. New elements for an updated classification of
the carcinomas of the stomach. Pathol Res Pract. 1995;191(6):571-84.

Wang K, Yuen ST, Xu J, Lee SP, Yan HH, Shi ST, et al. Whole-genome sequencing and
comprehensive molecular profiling identify new driver mutations in gastric cancer. Nat
Genet. 2014;46(6):573-82.

Pihlak R, Fong C, Starling N. Targeted Therapies and Developing Precision Medicine in
Gastric Cancer. Cancers (Basel). 2023;15(12).

Jepsen JM, Persson M, Jakobsen NO, Christiansen T, Skoubo-Kristensen E, Funch-Jensen
P, et al. Prospective study of prevalence and endoscopic and histopathologic
characteristics of duodenal polyps in patients submitted to upper endoscopy. Scand J
Gastroenterol. 1994;29(6):483-7.

Hochter W, Weingart J, Seib HJ, Ottenjann R. [Duodenal polyps. Incidence, histologic
substrate and significance]. Dtsch Med Wochenschr. 1984;109(31-32):1183-6.

Jung SH, Chung WG, Kim EJ, Kim SH, Paik CN, Lee BI, et al. Evaluation of non-ampullary
duodenal polyps: comparison of non-neoplastic and neoplastic lesions. World journal of
gastroenterology. 2010;16(43):5474-80.

Goda K, Kikuchi D, Yamamoto Y, Takimoto K, Kakushima N, Morita Y, et al. Endoscopic
diagnosis of superficial non-ampullary duodenal epithelial tumors in Japan: Multicenter
case series. Dig Endosc. 2014;26 Suppl 2:23-9.

Yoshida M, Yabuuchi Y, Kakushima N, Kato M, Iguchi M, YamamotoY, et al. The incidence
of non-ampullary duodenal cancer in Japan: The first analysis of a national cancer
registry. J Gastroenterol Hepatol. 2021;36(5):1216-21.

Esaki M, Suzuki S, Ikehara H, Kusano C, Gotoda T. Endoscopic diagnosis and treatment of
superficial non-ampullary duodenal tumors. World J Gastrointest Endosc.
2018;10(9):156-64.

Kakushima N, Kanemoto H, Sasaki K, Kawata N, Tanaka M, Takizawa K, et al. Endoscopic
and biopsy diagnoses of superficial, nonampullary, duodenal adenocarcinomas. World
J Gastroenterol. 2015;21(18):5560-7.

Mitsuishi T, Hamatani S, Hirooka S, Fukasawa N, Aizawa D, Hara Y, et al.
Clinicopathological characteristics of duodenal epithelial neoplasms: Focus on tumors
with a gastric mucin phenotype (pyloric gland-type tumors). PLoS One.
2017;12(4):e0174985.

Johnson MD, Mackey R, Brown N, Church J, Burke C, Walsh RM. Outcome based on
management for duodenal adenomas: sporadic versus familial disease. J Gastrointest
Surg. 2010;14(2):229-35.

11

145



11

146

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

REFERENCES

Syngal S, Brand RE, Church JM, Giardiello FM, Hampel HL, Burt RW. ACG clinical guideline:
Genetic testing and management of hereditary gastrointestinal cancer syndromes. Am
J Gastroenterol. 2015;110(2):223-62; quiz 63.

Matsuzaki J, Suzuki H, Shimoda M, Mori H, Fukuhara S, Miyoshi S, et al. Clinical and
endoscopic findings to assist the early detection of duodenal adenoma and
adenocarcinoma. United European Gastroenterol J. 2019;7(2):250-60.

Kakushima N, Ono H, Yoshida M, Takizawa K, Tanaka M, Kawata N, et al. Characteristics
and risk factors for sporadic non-ampullary duodenal adenocarcinoma. Scand J
Gastroenterol. 2017;52(11):1253-7.

Wu ZJ, Lin 'Y, Xiao J, Wu LG, Liu JG. Clinical significance of colonoscopy in patients with
upper gastrointestinal polyps and neoplasms: a meta-analysis. PLoS One.
2014;9(3):€91810.

Genta RM, Hurrell JM, Sonnenberg A. Duodenal adenomas coincide with colorectal
neoplasia. Digestive diseases and sciences. 2014;59(9):2249-54.

Vanbiervliet G, Moss A, Arvanitakis M, Arnelo U, Beyna T, Busch O, et al. Endoscopic
management of superficial nonampullary duodenal tumors: European Society of
Gastrointestinal Endoscopy (ESGE) Guideline. Endoscopy. 2021;53(5):522-34.

Okada K, Fujisaki J, Kasuga A, Omae M, Kubota M, Hirasawa T, et al. Sporadic
nonampullary duodenal adenoma in the natural history of duodenal cancer: a study of
follow-up surveillance. Am J Gastroenterol. 2011;106(2):357-64.

Santoro E, Sacchi M, Scutari F, Carboni F, Graziano F. Primary adenocarcinoma of the
duodenum: treatment and survival in 89 patients. Hepatogastroenterology.
1997,44(16):1157-63.

Barnes G, Jr,, Romero L, Hess KR, Curley SA. Primary adenocarcinoma of the duodenum:
management and survival in 67 patients. Ann Surg Oncol. 1994;1(1):73-8.

Perzin KH, Bridge MF. Adenomas of the small intestine: a clinicopathologic review of 51
cases and a study of their relationship to carcinoma. Cancer. 1981;48(3):799-819.

Sellner F. Investigations on the significance of the adenoma-carcinoma sequence in the
small bowel. Cancer. 1990;66(4):702-15.

Seifert E, Schulte F, Stolte M. Adenoma and carcinoma of the duodenum and papilla of
Vater: a clinicopathologic study. Am J Gastroenterol. 1992;87(1):37-42.

Niwa A, Kuwano S, Tomita H, Kimura K, Orihara Y, Kanayama T, et al. The different
pathogeneses of sporadic adenoma and adenocarcinoma in non-ampullary lesions of
the proximal and distal duodenum. Oncotarget. 2017;8(25):41078-90.

Toya Y, Endo M, Akasaka R, Urushikubo J, Gonai T, Asakura K, et al. Clinicopathological
Features and Magnifying Chromoendoscopic Findings of Non-Ampullary Duodenal
Epithelial Tumors. Digestion. 2018;97(3):219-27.

Park YK, Jeong WJ, Cheon GJ. Slow-Growing Early Adenocarcinoma Arising from
Traditional Serrated Adenoma in the Duodenum. Case Rep Gastroenterol.
2016;10(2):257-63.

Marabotto E, Pellegatta G, Sheijani AD, Ziola S, Zentilin P, De Marzo MG, et al. Prevention
Strategies for Esophageal Cancer-An Expert Review. Cancers (Basel). 2021;13(9).

Eusebi LH, Telese A, Marasco G, Bazzoli F, Zagari RM. Gastric cancer prevention strategies:
A global perspective. J Gastroenterol Hepatol. 2020;35(9):1495-502.



129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

REFERENCES

Loomans-Kropp HA, Umar A. Analysis of Body Mass Index in Early and Middle Adulthood
and Estimated Risk of Gastrointestinal Cancer. JAMA Netw Open. 2023;6(5):€2310002.

Ford AC, Yuan Y, Moayyedi P. Helicobacter pylori eradication therapy to prevent gastric
cancer: systematic review and meta-analysis. Gut. 2020;69(12):2113-21.

Choi JM, Kim SG, Choi J, Park JY, Oh S, Yang HJ, et al. Effects of Helicobacter pylori
eradication for metachronous gastric cancer prevention: a randomized controlled trial.
Gastrointest Endosc. 2018;88(3):475-85.e2.

Choi lJ, Kook MC, Kim YI, Cho SJ, Lee JY, Kim CG, et al. Helicobacter pylori Therapy for the
Prevention of Metachronous Gastric Cancer. N Engl J Med. 2018;378(12):1085-95.

Fukase K, Kato M, Kikuchi S, Inoue K, Uemura N, Okamoto S, et al. Effect of eradication of
Helicobacter pylori on incidence of metachronous gastric carcinoma after endoscopic
resection of early gastric cancer: an open-label, randomised controlled trial. Lancet.
2008;372(9636):392-7.

Malfertheiner P, Megraud F, Rokkas T, Gisbert JP, Liou JM, Schulz C, et al. Management of
Helicobacter pylori infection: the Maastricht VI/Florence consensus report. Gut. 2022.

Kumar S, Metz DC, Ellenberg S, Kaplan DE, Goldberg DS. Risk Factors and Incidence of
Gastric Cancer After Detection of Helicobacter pylori Infection: A Large Cohort Study.
Gastroenterology. 2020;158(3):527-36.e7.

Garman KS, Brown H, Alagesan P, McCall SJ, Patierno S, Wang Q, et al. Helicobacter pylori
testing prior to or at gastric cancer diagnosis and survival in a diverse US patient
population. Gastric Cancer. 2024;27(1):28-35.

Qu HT, Li Q, Hao L, Ni YJ, Luan WY, Yang Z, et al. Esophageal cancer screening, early
detection and treatment: Current insights and future directions. World J Gastrointest
Oncol. 2024;16(4):1180-91.

Wei WQ, Chen ZF, He YT, Feng H, Hou J, Lin DM, et al. Long-Term Follow-Up of a
Community Assignment, One-Time Endoscopic Screening Study of Esophageal Cancer
in China. J Clin Oncol. 2015;33(17):1951-7.

Chen Q Yu L, Hao C,Wang J, Liu S, Zhang M, et al. Effectiveness evaluation of organized
screening for esophageal cancer: a case-control study in Linzhou city, China. Sci Rep.
2016;6:35707.

Zheng X, Mao X, Xu K, Lu L, Peng X, Wang M, et al. Massive Endoscopic Screening for
Esophageal and Gastric Cancers in a High-Risk Area of China. PLoS One.
2015;10(12):e0145097.

Xia R, Li H, Shi J, LiuW, Cao M, Sun D, et al. Cost-effectiveness of risk-stratified endoscopic
screening for esophageal cancer in high-risk areas of China: a modeling study.
Gastrointest Endosc. 2022;95(2):225-35.e20.

Morgan E, Soerjomataram |, Rumgay H, Coleman HG, Thrift AP, Vignat J, et al. The Global
Landscape of Esophageal Squamous Cell Carcinoma and Esophageal Adenocarcinoma
Incidence and Mortality in 2020 and Projections to 2040: New Estimates From
GLOBOCAN 2020. Gastroenterology. 2022;163(3):649-58.e2.

Lao-Sirieix P, Fitzgerald RC. Screening for oesophageal cancer. Nat Rev Clin Oncol.
2012;9(5):278-87.

Smyth EC, Lagergren J, Fitzgerald RC, Lordick F, Shah MA, Lagergren P, et al. Oesophageal
cancer. Nat Rev Dis Primers. 2017;3:17048.

11

147



11

148

145.

146.

147.

148.

149.

150.

151.

152.

153.
154.

155.

156.

157.

158.

159.

160.

161.

REFERENCES

Wang YK, Chuang YS, Wu TS, Lee KW, Wu CW, Wang HC, et al. Endoscopic screening for
synchronous esophageal neoplasia among patients with incident head and neck cancer:
Prevalence, risk factors, and outcomes. Int J Cancer. 2017;141(10):1987-96.

Zendehdel K, Nyrén O, Edberg A, Ye W. Risk of esophageal adenocarcinoma in achalasia
patients, a retrospective cohort study in Sweden. Am J Gastroenterol. 2011;106(1):57-61.

Ravi K, Geno DM, Katzka DA. Esophageal cancer screening in achalasia: is there a
consensus? Dis Esophagus. 2015;28(3):299-304.

Blaydon DC, Etheridge SL, Risk JM, Hennies HC, Gay LJ, Carroll R, et al. RHBDF2 mutations
are associated with tylosis, a familial esophageal cancer syndrome. Am J Hum Genet.
2012;90(2):340-6.

Shaheen NJ, Weinberg DS, Denberg TD, Chou R, Qaseem A, Shekelle P. Upper endoscopy
for gastroesophageal reflux disease: best practice advice from the clinical guidelines
committee of the American College of Physicians. Ann Intern Med. 2012;157(11):808-16.

Shaheen NJ, Falk GW, lyer PG, Gerson LB. ACG Clinical Guideline: Diagnosis and
Management of Barrett's Esophagus. Am J Gastroenterol. 2016;111(1):30-50; quiz 1.

Qumseya B, Sultan S, Bain P, Jamil L, Jacobson B, Anandasabapathy S, et al. ASGE
guideline on screening and surveillance of Barrett's esophagus. Gastrointest Endosc.
2019;90(3):335-59.e2.

Kamboj AK, Katzka DA, lyer PG. Endoscopic Screening for Barrett's Esophagus and
Esophageal Adenocarcinoma: Rationale, Candidates, and Challenges. Gastrointest
Endosc Clin N Am. 2021;31(1):27-41.

Shaheen NJ, Richter JE. Barrett's oesophagus. Lancet. 2009;373(9666):850-61.

Solaymani-Dodaran M, Card TR, West J. Cause-specific mortality of people with Barrett's
esophagus compared with the general population: a population-based cohort study.
Gastroenterology. 2013;144(7):1375-83, 83.e1.

van Munster SN, Verheij EPD, Ozdemir O, Toes-Zoutendijk E, Lansdorp-Vogelaar |,
Nieuwenhuis EA, et al. Incidence and Prediction of Unrelated Mortality After Successful
Endoscopic Eradication Therapy for Barrett's Neoplasia. Gastroenterology.
2024;166(6):1058-68.

Old O, Jankowski J, Attwood S, Stokes C, Kendall C, Rasdell C, et al. Barrett's Oesophagus
Surveillance versus endoscopy at need Study (BOSS): a randomized controlled trial.
Gastroenterology. 2025.

Hamashima C, Group SR, Guidelines GDGfGCS. Update version of the Japanese
Guidelines for Gastric Cancer Screening. Japanese Journal of Clinical Oncology.
2018;48(7):673-83.

Park HA, Nam SY, Lee SK, Kim SG, Shim KN, Park SM, et al. The Korean guideline for gastric
cancer screening. Journal of the Korean Medical Association. 2015;58(5):373-84.

Russo AE, Strong VE. Gastric Cancer Etiology and Management in Asia and the West.
Annu Rev Med. 2019;70:353-67.

Faria L, Silva JC, Rodriguez-Carrasco M, Pimentel-Nunes P, Dinis-Ribeiro M, Libanio D.
Gastric cancer screening: a systematic review and meta-analysis. Scand J Gastroenterol.
2022;57(10):1178-88.

Kim GH, Liang PS, Bang SJ, Hwang JH. Screening and surveillance for gastric cancer in
the United States: Is it needed? Gastrointest Endosc. 2016;84(1):18-28.



162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

REFERENCES

Areia M, Spaander MC, Kuipers EJ, Dinis-Ribeiro M. Endoscopic screening for gastric
cancer: A cost-utility analysis for countries with an intermediate gastric cancer risk.
United European Gastroenterol J. 2018;6(2):192-202.

Pimentel-Nunes P, Libanio D, Marcos-Pinto R, Areia M, Leja M, Esposito G, et al.
Management of epithelial precancerous conditions and lesions in the stomach (MAPS
1): European Society of Gastrointestinal Endoscopy (ESGE), European Helicobacter and
Microbiota Study Group (EHMSG), European Society of Pathology (ESP), and Sociedade
Portuguesa de Endoscopia Digestiva (SPED) guideline update 2019. Endoscopy.
2019;51(4):365-88.

Areia M, Dinis-Ribeiro M, Rocha Gongalves F. Cost-utility analysis of endoscopic
surveillance of patients with gastric premalignant conditions. Helicobacter.
2014;19(6):425-36.

Gupta S, Li D, El Serag HB, Davitkov P, Altayar O, Sultan S, et al. AGA Clinical Practice
Guidelines on Management of Gastric Intestinal Metaplasia. Gastroenterology.
2020;158(3):693-702.

Jin S, Jeon SW, Kwon Y, Nam SY, Yeo SJ, Kwon SH, et al. Optimal Endoscopic Screening
Interval for Early Detection of Gastric Cancer: a Single-Center Study. J Korean Med Sci.
2018;33(23):e166.

Kim YS, Park HA, Kim BS, Yook JH, Lee MS. Efficacy of screening for gastric cancer in a
Korean adult population: a case-control study. J Korean Med Sci. 2000;15(5):510-5.

Lee H, Min BH, Lee JH, Son HJ, Kim JJ, Rhee JC, et al. Survival outcome associated with
the screening interval for gastric cancer in Korea. Digestion. 2011;84(2):142-8.

Yamamoto Y, Yoshida N, Yano T, Horimatsu T, Uedo N, Kawata N, et al. Assessment of
Outcomes From 1-Year Surveillance After Detection of Early Gastric Cancer Among
Patients at High Risk in Japan. JAMA Netw Open. 2022;5(8):e2227667.

Andersen AR, Bjerring OS, Godballe C, Detlefsen S, Mortensen MB. Secondary
oesophageal or gastric cancer in patients treated for head and neck squamous cell
carcinoma. Dan Med J. 2016;63(8).

Sonnenberg A, Wasserman IH. Associations of peptic ulcer and gastric cancer with other
diseases in US veterans. Am J Public Health. 1995;85(9):1252-5.

Sorensen HT, Friis S, Olsen JH, Thulstrup AM, Mellemkjaer L, Linet M, et al. Risk of liver
and other types of cancer in patients with cirrhosis: a nationwide cohort study in
Denmark. Hepatology. 1998;28(4):921-5.

Zullo A, Romiti A, Tomao S, Hassan C, RinaldiV, Giustini M, et al. Gastric cancer prevalence
in patients with liver cirrhosis. Eur J Cancer Prev. 2003;12(3):179-82.

Ibrisim D, Cevikbas U, Akylz F, Poturoglu S, Ahishali E, Gullioglu M, et al. Intestinal
metaplasia in portal hypertensive gastropathy: a frequent pathology. Eur J
Gastroenterol Hepatol. 2008;20(9):874-80.

Ha TH, Kim BG, Jeong D, Oh S, Kim W, Jung YJ, et al. Alcoholic Liver Disease Is Associated
with an Increased Risk of Gastric Cancer. Dig Dis Sci. 2017;62(1):273-9.

Wei XL, Qiu MZ, Jin'Y, Huang YX, Wang RY, Chen WW, et al. Hepatitis B virus infection is
associated with gastric cancer in China: an endemic area of both diseases. Br J Cancer.
2015;112(7):1283-90.

de Franchis R. Revising consensus in portal hypertension: report of the Baveno V
consensus workshop on methodology of diagnosis and therapy in portal hypertension.
J Hepatol. 2010;53(4):762-8.

11

149



11

150

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

REFERENCES

de Franchis R. Expanding consensus in portal hypertension: Report of the Baveno Vi
Consensus Workshop: Stratifying risk and individualizing care for portal hypertension. J
Hepatol. 2015;63(3):743-52.

de Franchis R, Bosch J, Garcia-Tsao G, Reiberger T, Ripoll C. Baveno VIl - Renewing
consensus in portal hypertension. J Hepatol. 2022;76(4):959-74.

Bae J, Sinn DH, Kang W, Gwak GY, Choi MS, Paik YH, et al. Validation of the Baveno VI and
the expanded Baveno VI criteria to identify patients who could avoid screening
endoscopy. Liver Int. 2018;38(8):1442-8.

Sousa M, Fernandes S, Proenca L, Silva AP, Leite S, Silva J, et al. The Baveno VI criteria for
predicting esophageal varices: validation in real life practice. Rev Esp Enferm Dig.
2017;109(10):704-7.

Colecchia A, Ravaioli F, Marasco G, Colli A, Dajti E, Di Biase AR, et al. A combined model
based on spleen stiffness measurement and Baveno VI criteria to rule out high-risk
varices in advanced chronic liver disease. J Hepatol. 2018;69(2):308-17.

Kouladouros K, Bourke MJ. Endoscopy First: The Best Choice to Optimize Outcomes for
Early Gastrointestinal Malignancy. Visc Med. 2024;40(3):107-9.

Pimentel-Nunes P, Libanio D, Bastiaansen BAJ, Bhandari P, Bisschops R, Bourke MJ, et al.
Endoscopic submucosal dissection for superficial gastrointestinal lesions: European
Society of Gastrointestinal Endoscopy (ESGE) Guideline - Update 2022. Endoscopy.
2022;54(6):591-622.

Pimentel-Nunes P, Dinis-Ribeiro M, Ponchon T, Repici A, Vieth M, De Ceglie A, et al.
Endoscopic submucosal dissection: European Society of Gastrointestinal Endoscopy
(ESGE) Guideline. Endoscopy. 2015;47(9):829-54.

Binmoeller KF, Shah JN, Bhat YM, Kane SD. "Underwater" EMR of sporadic laterally
spreading nonampullary duodenal adenomas (with video). Gastrointestinal endoscopy.
2013;78(3):496-502.

Hosokawa K, Yoshida S. [Recent advances in endoscopic mucosal resection for early
gastric cancer]. Gan To Kagaku Ryoho. 1998;25(4):476-83.

Ono H, Kondo H, Gotoda T, Shirao K, Yamaguchi H, Saito D, et al. Endoscopic mucosal
resection for treatment of early gastric cancer. Gut. 2001;48(2):225-9.

Oyama T, Tomori A, Hotta K, Morita S, Kominato K, Tanaka M, et al. Endoscopic
submucosal dissection of early esophageal cancer. Clin Gastroenterol Hepatol. 2005;3(7
Suppl 1):567-70.

Yahagi N, Fujishiro M, Kakushima N, Kobayashi K, Hashimoto T, Oka M, et al. Endoscopic
submucosal dissection for early gastric cancer using the tip of an electrosurgical snare
(thin type). Digestive Endoscopy. 2004;16(1):34-8.

Hatta W, Gotoda T, Oyama T, Kawata N, Takahashi A, Yoshifuku Y, et al. A Scoring System
to Stratify Curability after Endoscopic Submucosal Dissection for Early Gastric Cancer:
"eCura system". Am J Gastroenterol. 2017;112(6):874-81.

Japanese Gastric Cancer Treatment Guidelines 2021 (6th edition). Gastric Cancer.
2023;26(1):1-25.

Libanio D, Braga V, Ferraz S, Castro R, Lage J, Pita |, et al. Prospective comparative study
of endoscopic submucosal dissection and gastrectomy for early neoplastic lesions
including patients' perspectives. Endoscopy. 2019;51(1):30-9.



194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

REFERENCES

Abdelfatah MM, Barakat M, Ahmad D, Ibrahim M, Ahmed Y, Kurdi Y, et al. Long-term
outcomes of endoscopic submucosal dissection versus surgery in early gastric cancer: a
systematic review and meta-analysis. Eur J Gastroenterol Hepatol. 2019;31(4):418-24.

Liu Q, Ding L, Qiu X, Meng F. Updated evaluation of endoscopic submucosal dissection
versus surgery for early gastric cancer: A systematic review and meta-analysis. Int J Surg.
2020;73:28-41.

Li H, Feng LQ, Bian YY, Yang LL, Liu DX, Huo ZB, et al. Comparison of endoscopic
submucosal dissection with surgical gastrectomy for early gastric cancer: An updated
meta-analysis. World J Gastrointest Oncol. 2019;11(2):161-71.

Gu L, Khadaroo PA, Chen L, Li X, Zhu H, Zhong X, et al. Comparison of Long-Term
Outcomes of Endoscopic Submucosal Dissection and Surgery for Early Gastric Cancer: a
Systematic Review and Meta-analysis. Journal of Gastrointestinal Surgery.
2019;23(7):1493-501.

Pimentel-Nunes P, Pioche M, Albéniz E, Berr F, Deprez P, Ebigbo A, et al. Curriculum for
endoscopic submucosal dissection training in Europe: European Society of
Gastrointestinal Endoscopy (ESGE) Position Statement. Endoscopy. 2019;51(10):980-92.

Grimaldi J, Masgnaux LJ, Lafeuille P, de Cristofaro E, Rivory J, Ponchon T, et al. Endoscopic
submucosal dissection with adaptive traction strategy: first prospective multicenter
study (with video). Gastrointest Endosc. 2024;100(3):517-23.

Morais R, Figueiredo M, Masgnaux LJ, Pioche M. Endoscopic Submucosal Dissection of a
Large Gastric Lesion Using a Novel Adjustable Traction Device: A-TRACT 4. GE Port J
Gastroenterol. 2024;31(1):67-9.

Rodriguez-Carrasco M, Libanio D, Pimentel-Nunes P, Barreiro P, Ferreira A, Kittner-
Magalhaes R, et al. Endoscopic submucosal dissection: a country dissemination
experience and outcomes. Eur J Gastroenterol Hepatol. 2022;34(10):1042-6.

Kuttner-Magalhaes R, Dinis-Ribeiro M, Bruno MJ, Marcos-Pinto R, Rolanda C, Koch AD. A
Steep Early Learning Curve for Endoscopic Submucosal Dissection in the Live Porcine
Model. Dig Dis. 2022;40(6):816-25.

Kattner-Magalhaes R, Dinis-Ribeiro M, Marcos-Pinto R, Rolanda C, Koch AD. Endoscopic
Submucosal Dissection Skills Transfer to Clinical Practice after Hands-On Workshops: An
International Survey. Dig Dis. 2022;40(5):665-74.

Tate DJ, Klein A, Sidhu M, Desomer L, Awadie H, Lee EYT, et al. Endoscopic submucosal
dissection for suspected early gastric cancer: absolute versus expanded criteriain a large
Western cohort (with video). Gastrointest Endosc. 2019;90(3):467-79.e4.

Probst A, Schneider A, Schaller T, Anthuber M, Ebigbo A, Messmann H. Endoscopic
submucosal dissection for early gastric cancer: are expanded resection criteria safe for
Western patients? Endoscopy. 2017;49(9):855-65.

Ngamruengphong S, Ferri L, Aihara H, Draganov PV, Yang DJ, Perbtani YB, et al. Efficacy
of Endoscopic Submucosal Dissection for Superficial Gastric Neoplasia in a Large Cohort
in North America. Clin Gastroenterol Hepatol. 2021;19(8):1611-9.e1.

Santos-Antunes J, Baldaque-Silva F, Marques M, Lopes J, Carneiro F, Macedo G. Real-life
evaluation of the safety, efficacy and therapeutic outcomes of endoscopic submucosal
dissection in a Western tertiary centre. United European Gastroenterol J. 2018;6(5):702-
9.

11

151



11

152

208.

2009.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

REFERENCES

Ferlitsch M, Hassan C, Bisschops R, Bhandari P, Dinis-Ribeiro M, Risio M, et al. Colorectal
polypectomy and endoscopic mucosal resection: European Society of Gastrointestinal
Endoscopy (ESGE) Guideline - Update 2024. Endoscopy. 2024;56(7):516-45.

Forbes N, Elhanafi SE, Al-Haddad MA, Thosani NC, Draganov PV, Othman MO, et al.
American Society for Gastrointestinal Endoscopy guideline on endoscopic submucosal
dissection for the management of early esophageal and gastric cancers: summary and
recommendations. Gastrointest Endosc. 2023;98(3):271-84.

Santos-Antunes J, Marques M, Carneiro F, Macedo G. Very low rate of residual neoplasia
after non-curative endoscopic submucosal dissection: a western single-center
experience. Eur J Gastroenterol Hepatol. 2021;33(9):1161-6.

Santos-Antunes J, Pioche M, Ramos-Zabala F, Cecinato P, Gallego Rojo FJ, Barreiro P, et al.
Risk of residual neoplasia after a noncurative colorectal endoscopic submucosal
dissection for malignant lesions: a multinational study. Endoscopy. 2023;55(3):235-44.

Kang HJ, Chung H, Kim SG, Kim J, Kim JL, Lee E, et al. Synergistic Effect of Lymphatic
Invasion and Venous Invasion on the Risk of Lymph Node Metastasis in Patients with
Non-Curative Endoscopic Resection of Early Gastric Cancer. J Gastrointest Surg.
2020;24(7):1499-509.

Kim HJ, Kim SG, Kim J, Hong H, Lee HJ, Kim MS, et al. Clinical outcomes of early gastric
cancer with non-curative resection after pathological evaluation based on the
expanded criteria. PLoS One. 2019;14(10):e0224614.

Esaki M, Hatta W, Shimosegawa T, Oyama T, Kawata N, Takahashi A, et al. Age Affects
Clinical Management after Noncurative Endoscopic Submucosal Dissection for Early
Gastric Cancer. Dig Dis. 2019;37(6):423-33.

Toyokawa T, Ohira M, Tanaka H, Minamino H, Sakurai K, Nagami Y, et al. Optimal
management for patients not meeting the inclusion criteria after endoscopic
submucosal dissection for gastric cancer. Surg Endosc. 2016;30(6):2404-14.

Rosmolen WD, Pouw RE, Bergman JJ, Sprangers MAG, Nieuwkerk PT. Reasons for fear of
cancer recurrence after endoscopic treatment of T1 esophageal adenocarcinoma. A
semi-structured interview study. Dis Esophagus. 2024.

Nieuwenhuis EA, van Munster SN, Meijer SL, Brosens LAA, Jansen M, Weusten B, et al.
Analysis of metastases rates during follow-up after endoscopic resection of early "high-
risk" esophageal adenocarcinoma. Gastrointest Endosc. 2022;96(2):237-47.e3.

Flor de Lima M, Castro B, Rodriguez-Carrasco M, Libanio D, Pimentel-Nunes P, Sousa O,
et al. Best additional management after non-curative endoscopic resection of
esophageal squamous cell carcinoma: a systematic review and meta-analysis. Scand J
Gastroenterol. 2022;57(5):525-33.

Nishizawa T, Suzuki H. Long-Term Outcomes of Endoscopic Submucosal Dissection for
Superficial Esophageal Squamous Cell Carcinoma. Cancers (Basel). 2020;12(10).

Berger A, Rahmi G, Perrod G, Pioche M, Canard JM, Cesbron-Métivier E, et al. Long-term
follow-up after endoscopic resection for superficial esophageal squamous cell
carcinoma: a multicenter Western study. Endoscopy. 2019;51(4):298-306.

Yeh JH, Huang RY, Lee CT, Lin CW, Hsu MH, Wu TC, et al. Long-term outcomes of
endoscopic submucosal dissection and comparison to surgery for superficial
esophageal squamous cancer: a systematic review and meta-analysis. Therap Adv
Gastroenterol. 2020;13:1756284820964316.



222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

REFERENCES

Rodriguez de Santiago E, van Tilburg L, Deprez PH, Pioche M, Pouw RE, Bourke MJ, et al.
Western outcomes of circumferential endoscopic submucosal dissection for early
esophageal squamous cell carcinoma. Gastrointest Endosc. 2024;99(4):511-24.e6.

Kitagawa Y, Ishihara R, Ishikawa H, Ito Y, Oyama T, Oyama T, et al. Esophageal cancer
practice guidelines 2022 edited by the Japan esophageal society: part 1. Esophagus.
2023;20(3):343-72.

lizuka T. Curative criteria for endoscopic treatment of oesophageal squamous cell
cancer. Best Pract Res Clin Gastroenterol. 2024;68:101894.

Ye B, Zhang X, Su Y, Hao S, Teng H, Guo X, et al. The possibility of endoscopic treatment
of cNO submucosal esophageal cancer: results from a surgical cohort. Surg Endosc.
2021;35(2):593-601.

Liu S, Chen LX, Ye LS, Hu B. Challenges in early detection and endoscopic resection of
esophageal cancer: There is a long way to go. World J Gastrointest Oncol.
2024;16(7):3364-7.

Terheggen G, Horn EM, Vieth M, Gabbert H, Enderle M, Neugebauer A, et al. A
randomised trial of endoscopic submucosal dissection versus endoscopic mucosal
resection for early Barrett's neoplasia. Gut. 2017;66(5):783-93.

Yang D, Zou F, Xiong S, Forde JJ, Wang Y, Draganov PV. Endoscopic submucosal
dissection for early Barrett's neoplasia: a meta-analysis. Gastrointest Endosc.
2018;87(6):1383-93.

Reddy CA, Tavakkoli A, Chen VL, Korsnes S, Bedi AQ, Carrott PW, et al. Long-Term Quality
of Life Following Endoscopic Therapy Compared to Esophagectomy for Neoplastic
Barrett's Esophagus. Dig Dis Sci. 2021;66(5):1580-7.

Smith I, Kahaleh M. Endoscopic versus surgical therapy for Barrett's esophagus
neoplasia. Expert Rev Gastroenterol Hepatol. 2015;9(1):31-5.

Das A, Singh V, Fleischer DE, Sharma VK. A comparison of endoscopic treatment and
surgery in early esophageal cancer: an analysis of surveillance epidemiology and end
results data. Am J Gastroenterol. 2008;103(6):1340-5.

Verheij EPD, van Munster SN, Bergman JJGHM, Pouw RE. Advancing Approaches for
Superficial Esophageal Adenocarcinoma: Shifting Toward More Patient-tailored
Therapy. Techniques and Innovations in Gastrointestinal Endoscopy. 2023;25(2):177-85.

Leclercq P, Bisschops R, Bergman JJGHM, Pouw RE. Management of high risk T1
esophageal adenocarcinoma following endoscopic resection. Best Practice & Research
Clinical Gastroenterology. 2024;68:101882.

Otaki F, Ma GK, Krigel A, Dierkhising RA, Lewis JT, Blevins CH, et al. Outcomes of patients
with submucosal (T1b) esophageal adenocarcinoma: a multicenter cohort study.
Gastrointestinal Endoscopy. 2020;92(1):31-9.e1.

Leggett CL, Lewis JT, Wu TT, Schleck CD, Zinsmeister AR, Dunagan KT, et al. Clinical and
Histologic Determinants of Mortality for Patients With Barrett's Esophagus—Related T1
Esophageal Adenocarcinoma. Clinical Gastroenterology and Hepatology.
2015;13(4):658-64.e3.

Chan MW, Nieuwenhuis E, Jansen M, Koch A, Spaander M, Nagengast W, et al.
ENDOSCOPIC FOLLOW-UP OF RADICALLY RESECTED SUBMUCOSAL
ADENOCARCINOMA IN BARRETT&#x2019;S ESOPHAGUS: INTERIM RESULTS OF AN
ONGOING PROSPECTIVE, INTERNATIONAL, MULTICENTER COHORT REGISTRY (PREFER
TRIAL). Gastrointestinal Endoscopy. 2023;97(6):AB1104.

11

153



11

154

237.

238.

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

251.

REFERENCES

Cunha Neves JA, Delgado-Guillena PG, Queirds P, Libanio D, Rodriguez de Santiago E.
Curative criteria for endoscopic treatment of gastric cancer. Best Pract Res Clin
Gastroenterol. 2024;68:101884.

Ono H, Yao K, Fujishiro M, Oda |, Uedo N, Nimura S, et al. Guidelines for endoscopic
submucosal dissection and endoscopic mucosal resection for early gastric cancer
(second edition). Dig Endosc. 2021;33(1):4-20.

Abdelfatah MM, Barakat M, Othman MO, Grimm IS, Uedo N. The incidence of lymph
node metastasis in submucosal early gastric cancer according to the expanded criteria:
a systematic review. Surg Endosc. 2019;33(1):26-32.

Gotoda T, Yanagisawa A, Sasako M, Ono H, Nakanishi Y, Shimoda T, et al. Incidence of
lymph node metastasis from early gastric cancer: estimation with a large number of
cases at two large centers. Gastric Cancer. 2000;3(4):219-25.

Chen J, Zhao G, Wang Y. Analysis of lymph node metastasis in early gastric cancer: a
single institutional experience from China. World J Surg Oncol. 2020;18(1):57.

Hatta W, Gotoda T, Oyama T, Kawata N, Takahashi A, Yoshifuku Y, et al. Is the eCura system
useful for selecting patients who require radical surgery after noncurative endoscopic
submucosal dissection for early gastric cancer? A comparative study. Gastric Cancer.
2018;21(3):481-9.

Hatta W, Gotoda T, Oyama T, Kawata N, Takahashi A, Yoshifuku Y, et al. Is radical surgery
necessary in all patients who do not meet the curative criteria for endoscopic
submucosal dissection in early gastric cancer? A multi-center retrospective study in
Japan. J Gastroenterol. 2017;52(2):175-84.

Libanio D, Pimentel-Nunes P, Afonso LP, Henrique R, Dinis-Ribeiro M. Long-Term
Outcomes of Gastric Endoscopic Submucosal Dissection: Focus on Metachronous and
Non-Curative Resection Management. GE Port J Gastroenterol. 2017;24(1):31-9.

Brito-Gongalves G, Libanio D, Marcos P, Pita |, Castro R, Sa |, et al. Clinicopathologic
Characteristics of Patients with Gastric Superficial Neoplasia and Risk Factors for
Multiple Lesions after Endoscopic Submucosal Dissection in a Western Country. GE Port
J Gastroenterol. 2020;27(2):76-89.

Abe S, Oda |, Suzuki H, Nonaka S, Yoshinaga S, Nakajima T, et al. Long-term surveillance
and treatment outcomes of metachronous gastric cancer occurring after curative
endoscopic submucosal dissection. Endoscopy. 2015;47(12):1113-8.

Rei A, Ortigao R, Pais M, Afonso LP, Pimentel-Nunes P, Dinis-Ribeiro M, et al.
Metachronous lesions after gastric endoscopic submucosal dissection: first assessment
of the FAMISH prediction score. Endoscopy. 2023;55(10):909-17.

Niu Z, Liang D, Guan C, Zheng Y, Meng C, Sun X, et al. External validation of the FAMISH
predicting score for early gastric cancer with endoscopic submucosal dissection. Eur J
Gastroenterol Hepatol. 2024;36(1):26-32.

Lim C-H, Cho Y-S. Nonampullary duodenal adenoma: Current understanding of its
diagnosis, pathogenesis, and clinical management. World journal of gastroenterology.
2016;22(2):853-61.

Cameron JL, Riall TS, Coleman J, Belcher KA. One thousand consecutive
pancreaticoduodenectomies. Ann Surg. 2006;244(1):10-5.

Inoue T, Uedo N, Yamashina T, Yamamoto S, Hanaoka N, Takeuchi Y, et al. Delayed
perforation: a hazardous complication of endoscopic resection for non-ampullary
duodenal neoplasm. Dig Endosc. 2014;26(2):220-7.



252.

253.

254,

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

REFERENCES

Lee JG, Lee SP, Jang HJ, Kae SH. Underwater Versus Conventional Endoscopic Mucosal
Resection for Superficial Non-ampullary Duodenal Epithelial Tumors: A Systematic
Review and Meta-Analysis. Digestive diseases and sciences. 2023;68(4):1482-91.

Lv X-H, Luo R, Lu Q, Deng K, Yang J-L. Underwater versus conventional endoscopic
mucosal resection for superficial non-ampullary duodenal epithelial tumors <20mm: A
systematic review and meta-analysis. Digestive and liver disease : official journal of the
Italian Society of Gastroenterology and the Italian Association for the Study of the Liver.
2022.

Danpanichkul P, Ng CH, Tan DJH, Wijarnpreecha K, Huang DQ, Noureddin M. The Global
Burden of Alcohol-associated Cirrhosis and Cancer in Young and Middle-aged Adults.
Clin Gastroenterol Hepatol. 2024;22(9):1947-9.e3.

Rumgay H, Murphy N, Ferrari P, Soerjomataram I. Alcohol and Cancer: Epidemiology and
Biological Mechanisms. Nutrients. 2021;13(9).

Kabiri N, Khodayari-Zarnaq R, Khoshbaten M, Janati A. Gastrointestinal Cancer
Prevention Policies: A Qualitative Systematic Review and Meta-Synthesis. Int J Prev Med.
2022;13:8.

Liu CQ, Ma YL, Qin Q, Wang PH, LuoYY, Xu PF, et al. Epidemiology of esophageal cancer in
2020 and projections to 2030 and 2040. Thorac Cancer. 2023;14(1):3-11.

The global, regional, and national burden of stomach cancer in 195 countries, 1990-
2017: a systematic analysis for the Global Burden of Disease study 2017. Lancet
Gastroenterol Hepatol. 2020;5(1):42-54.

Mazzoleni LE, Francesconi CF, Sander GB. Mass eradication of Helicobacter pylori:
feasible and advisable? Lancet. 2011;378(9790):462-4.

Lv XP. Gastrointestinal tract cancers: Genetics, heritability and germ line mutations.
Oncol Lett. 2017;13(3):1499-508.

Colquhoun A, Arnold M, Ferlay J, Goodman KJ, Forman D, Soerjomataram I. Global
patterns of cardia and non-cardia gastric cancer incidence in 2012. Gut.
2015;64(12):1881-8.

Zauber AG, Winawer SJ, O'Brien MJ, Lansdorp-Vogelaar |, Ballegooijen Mv, Hankey BF, et
al. Colonoscopic Polypectomy and Long-Term Prevention of Colorectal-Cancer Deaths.
New England Journal of Medicine. 2012;366(8):687-96.

Basu P, Ponti A, Anttila A, Ronco G, Senore C, Vale DB, et al. Status of implementation and
organization of cancer screening in The European Union Member States-Summary
results from the second European screening report. Int J Cancer. 2018;142(1):44-56.

Kim TH, Kim IH, Kang SJ, Choi M, Kim BH, Eom BW, et al. Korean Practice Guidelines for
Gastric Cancer 2022: An Evidence-based, Multidisciplinary Approach. J Gastric Cancer.
2023;23(1):3-106.

Areia M, Carvalho R, Cadime AT, Rocha Goncalves F, Dinis-Ribeiro M. Screening for gastric
cancer and surveillance of premalignant lesions: a systematic review of cost-
effectiveness studies. Helicobacter. 2013;18(5):325-37.

Hur C, Choi SE, Kong CY, Wang GQ, Xu H, Polydorides AD, et al. High-resolution
microendoscopy for esophageal cancer screening in China: A cost-effectiveness
analysis. World J Gastroenterol. 2015;21(18):5513-23.

Fukuzawa M, Gotoda T. History of endoscopic submucosal dissection and role for
colorectal endoscopic submucosal dissection: A Japanese perspective. Gastrointestinal
Intervention. 2012;1(1):30-5.

11

155



11

156

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

REFERENCES

Gupta N, Bansal A, Wani SB, Gaddam S, Rastogi A, Sharma P. Endoscopy for upper Gl
cancer screening in the general population: a cost-utility analysis. Gastrointest Endosc.
2011;74(3):610-24.e2.

Directorate-General EC, Safety fHaF. Council recommendation on strengthening
prevention through early detection: a new EU approach on cancer screening replacing
council recommendation 2003/878/ec. 2022 2022 [Available from: https://eur-
lex.europa.eu/legal-
content/EN/TXT/?uri=uriserv%3A0J.C .2022.473.01.0001.01.ENG&toc=0J%3AC%3A20
22%3A473%3AFULL.

Morais R, Moreira J, Gaspar R, Santos-Antunes J, Marques M, Coelho R, et al. Higher
frequency of gastric neoplasia in advanced chronic liver disease patients: Impact of
screening endoscopy in an intermediate-high risk country. Dig Liver Dis. 2024.

Ribeiro T, Morais R, Monteiro C, Carvalho A, Barros S, Fernando A, et al. Estimating the
environmental impact of endoscopic activity at a tertiary center: a pilot study. Eur J
Gastroenterol Hepatol. 2024;36(1):39-44.

Pizzo E, Avsar TS, Abraldes JG, Genesca J, Tsochatzis EA. Cost-Effectiveness of the Baveno
VI Criteria Compared With Endoscopy for High-Risk Varices in Patients With Child-Pugh
A Cirrhosis. Clin Gastroenterol Hepatol. 2024;22(10):2053-61.

Morais R, Liberal R, Macedo G. Screening Endoscopy in Patients With Advanced Chronic
Liver Disease - Is It All About Varices? Clin Gastroenterol Hepatol. 2024.

Choi YK, Ahn JY, Kim DH, Jung KW, Na HK, Choi KD, et al. Efficacy and safety of endoscopic
submucosal dissection for gastric neoplasms in patients with compensated liver
cirrhosis: a propensity score-matched case-control study. Gastrointest Endosc.
2018;87(6):1423-31.e3.

Miaglia C, Guillaud O, Rivory J, Lépilliez V, Chambon-Augoyard C, Hervieu V, et al. Safe
and effective digestive endoscopic resection in patients with cirrhosis: a single-center
experience. Endoscopy. 2020;52(4):276-84.

Liberal R, Morais R, Marques M, Santos Antunes J, Macedo G. Screening endoscopy in
patients with cirrhosis: screening of varices and gastrointestinal neoplasia. Endoscopy.
2020;52(7):623.

Chandan S, Deliwala S, Khan SR, Ramai D, Mohan BP, Bilal M, et al. Advanced Endoscopic
Resection Techniques in Cirrhosis-A Systematic Review and Meta-Analysis of Outcomes.
Dig Dis Sci. 2022;67(10):4813-26.

Bugter O, van de Ven SEM, Hardillo JA, Bruno MJ, Koch AD, Baatenburg de Jong RJ. Early
detection of esophageal second primary tumors using Lugol chromoendoscopy in
patients with head and neck cancer: A systematic review and meta-analysis. Head Neck.
2019;41(4):1122-30.

Argiris A, Eng C. Epidemiology, staging, and screening of head and neck cancer. Cancer
Treat Res. 2003;114:15-60.

Stoeckli SJ, Zimmermann R, Schmid S. Role of routine panendoscopy in cancer of the
upper aerodigestive tract. Otolaryngol Head Neck Surg. 2001;124(2):208-12.

Chung CS, Liao LJ, Wu CY, Lo WC, Hsieh CH, Lee TH, et al. Endoscopic Screening for
Second Primary Tumors of the Esophagus Among Head and Neck Cancer Patients. Front
Oncol. 2022;12:906125.

Alsop BR, Sharma P. Esophageal Cancer. Gastroenterol Clin North Am. 2016;45(3):399-
412.


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.C_.2022.473.01.0001.01.ENG&toc=OJ%3AC%3A2022%3A473%3AFULL
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.C_.2022.473.01.0001.01.ENG&toc=OJ%3AC%3A2022%3A473%3AFULL
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.C_.2022.473.01.0001.01.ENG&toc=OJ%3AC%3A2022%3A473%3AFULL
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.C_.2022.473.01.0001.01.ENG&toc=OJ%3AC%3A2022%3A473%3AFULL

283.

284.
285.

286.

287.

288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

REFERENCES

Bradley PJ, Bradley PT. Searching for metachronous tumours in patients with head and
neck cancer: the ideal protocol! Curr Opin Otolaryngol Head Neck Surg. 2010;18(2):124-
33.

Principles and practice of screening for disease. J R Coll Gen Pract. 1968;16(4):318.

Liao LJ, Hsu WL, Lo WC, Cheng PW, Shueng PW, Hsieh CH. Health-related quality of life
and utility in head and neck cancer survivors. BMC Cancer. 2019;19(1):425.

van de Ven SEM, de Graaf W, Bugter O, Spaander MCW, Nikkessen S, de Jonge PJF, et al.
Screening for synchronous esophageal second primary tumors in patients with head
and neck cancer. Dis Esophagus. 2021;34(10).

Ikawa H, Tonogi M, Yamane GY, Yamauchi T, Tanaka Y, Sato M, et al. Upper gastrointestinal
tract cancers as double-cancers in elderly patients with oral squamous cell carcinoma.
Bull Tokyo Dent Coll. 2012;53(1):9-16.

Yahagi N, Kato M, OchiaiY, Maehata T, Sasaki M, Kiguchi Y, et al. Outcomes of endoscopic
resection for superficial duodenal epithelial neoplasia. Gastrointest Endosc.
2018;88(4):676-82.

Pérez-Cuadrado-Robles E, Quénéhervé L, Margos W, Shaza L, Ivekovic H, Moreels TG, et
al. Comparative analysis of ESD versus EMR in a large European series of non-ampullary
superficial duodenal tumors. Endosc Int Open. 2018;6(8):E1008-e14.

Rimondi A, Dell'Unto E, Morais R, Esposito G, Antunes JS, Tontini GE, et al. Outcomes and
Safety of Duodenal Endoscopic Submucosal Dissection for non-ampullary lesion: a
systematic review and meta-analysis. Gastrointest Endosc. 2025.

Morais R, Amorim J, Medas R, Sousa-Pinto B, Santos-Antunes J, Legros R, et al.
Underwater Endoscopic Mucosal Resection Vs Conventional Endoscopic Mucosal
Resection for Superficial Nonampullary Duodenal Epithelial Tumors in the Western
Setting. Clin Gastroenterol Hepatol. 2024.

Repici A, Capogreco A, Spadaccini M, Maselli R, Galtieri PA, Fugazza A, et al. Cold versus
hot EMR for large duodenal adenomas. Gut. 2022;71(9):1763-5.

Tayar E, Ladna M, King W, Gupte AR, Paudel B, Sarheed A, et al. Safety of cold resection
of non-ampullary duodenal polyps: Systematic review and meta-analysis. Endosc Int
Open. 2024;12(6):E732-e9.

Wilson N, Abdallah M, Schulman AR, Mosko JD, Saeed A, Kothari S, et al. Outcomes of
cold snare EMR of nonampullary duodenal adenomas =1 cm: a multicenter study.
Gastrointest Endosc. 2024;99(6):971-80.e1.

Miyazaki K, Nakayama A, Sasaki M, Minezaki D, Morioka K, Iwata K, et al. Resectability of
Small Duodenal Tumors: A Randomized Controlled Trial Comparing Underwater
Endoscopic Mucosal Resection and Cold Snare Polypectomy. Am J Gastroenterol.
2024;119(5):856-63.

Rodriguez de Santiago E, Herreros-de-Tejada A, Albéniz E, Ramos Zabala F, Fernandez-
Esparrach G, Nogales O, et al. Implementation of esophageal endoscopic submucosal
dissection in Spain: Results from the nationwide registry. Gastroenterol Hepatol.
2024;47(2):119-29.

Morais R, Libanio D, Dinis Ribeiro M, Ferreira A, Barreiro P, Bourke MJ, et al. Predicting
residual neoplasia after a non-curative gastric ESD: validation and modification of the
eCura system in the Western setting: the W-eCura score. Gut. 2023;73(1):105-17.

Hatta W, Gotoda T, Ogata Y, Koike T, Masamune A. W-eCura score versus eCura system:
comparison in the external cohort is required. Gut. 2023.

11

157



11

158

299.

300.

301.

302.

303.

304.

305.

306.

307.

308.

309.

310.

311.

312.

REFERENCES

Morais R, Libanio D, Santos-Antunes J. eCura and W-eCura: different scores, different
populations, same goal. Gut. 2024;73(11):e29.

Wada Y, Shimada M, Murano T, Takamaru H, Morine Y, lkemoto T, et al. A Liquid Biopsy
Assay for Noninvasive Identification of Lymph Node Metastases in T1 Colorectal Cancer.
Gastroenterology. 2021;161(1):151-62.e1.

Zhao L, HanW, Niu P, LuY, Zhang F, Jiao F, et al. Using nomogram, decision tree, and deep
learning models to predict lymph node metastasis in patients with early gastric cancer:
a multi-cohort study. Am J Cancer Res. 2023;13(1):204-15.

Han SY, Yoon HJ, Kim JH, Lee HS, Chun J, Youn YH, et al. Nomogram for pre-procedural
prediction of non-curative endoscopic resection in patients with early gastric cancer.
Surg Endosc. 2023;37(6):4594-603.

Abe N, Takeuchi H, Ohki A, Yanagida O, Masaki T, Mori T, et al. Long-term outcomes of
combination of endoscopic submucosal dissection and laparoscopic lymph node
dissection without gastrectomy for early gastric cancer patients who have a potential
risk of lymph node metastasis. Gastrointest Endosc. 2011;74(4):792-7.

Kitagawa Y, Takeuchi H, Takagi Y, Natsugoe S, Terashima M, Murakami N, et al. Sentinel
node mapping for gastric cancer: a prospective multicenter trial in Japan. J Clin Oncol.
2013;31(29):3704-10.

Kamiya S, Takeuchi H, Fukuda K, Kawakubo H, Takahashi N, Mitsumori N, et al. A
multicenter non-randomized phase Il study of sentinel node navigation surgery for
early gastric cancer. Jpn J Clin Oncol. 2021;51(2):305-9.

Miyashiro |, Hiratsuka M, Sasako M, Sano T, Mizusawa J, Nakamura K, et al. High false-
negative proportion of intraoperative histological examination as a serious problem for
clinical application of sentinel node biopsy for early gastric cancer: final results of the
Japan Clinical Oncology Group multicenter trial JCOG0302. Gastric Cancer.
2014;17(2):316-23.

Wang H, Nguyen M, Gupta S, Sidhu M, Cronin O, O'Sullivan T, et al. Long-term outcomes
after endoscopic submucosal dissection for relative indication early gastric cancer in
nonsurgical candidates. Gastrointest Endosc. 2024;100(4):647-59.

Sekiguchi M, Suzuki H, Takizawa K, Hirasawa T, Takeuchi Y, Ishido K, et al. Potential for
expanding indications and curability criteria of endoscopic resection for early gastric
cancer in elderly patients: results from a Japanese multicenter prospective cohort study.
Gastrointestinal Endoscopy. 2024;100(3):438-48.e1.

Ortigao R, Figueir6a G, Frazzoni L, Pimentel-Nunes P, Hassan C, Dinis-Ribeiro M, et al. Risk
factors for gastric metachronous lesions after endoscopic or surgical resection: a
systematic review and meta-analysis. Endoscopy. 2022;54(9):892-901.

Baptista D, Fernandes M, Garrido M, Sousa F, Morais R, Garcia-Pelaez J, et al. Gastric
Polyps in Familial Adenomatous Polyposis Portuguese Patients: The First Western Cohort
with Asian Features. Pathobiology. 2024;91(3):196-204.

Huang KK, Ramnarayanan K, Zhu F, Srivastava S, Xu C, Tan ALK, et al. Genomic and
Epigenomic Profiling of High-Risk Intestinal Metaplasia Reveals Molecular Determinants
of Progression to Gastric Cancer. Cancer Cell. 2018;33(1):137-50.e5.

Afrash MR, Shafiee M, Kazemi-Arpanahi H. Establishing machine learning models to
predict the early risk of gastric cancer based on lifestyle factors. BMC Gastroenterol.
2023;23(1):6.



313.

314.

315.

316.

317.

318.

REFERENCES

Aznar-Gimeno R, Garcia-Gonzdlez MA, Munoz-Sierra R, Carrera-Lasfuentes P,
Rodrigalvarez-Chamarro MV, Gonzalez-Mufoz C, et al. GastricAlTool: A Clinical Decision
Support Tool for the Diagnosis and Prognosis of Gastric Cancer. Biomedicines.
2024;12(9).

Yang J, Kim MK. What Every Gastroenterologist Should Know About Gastrointestinal
NETs. Am J Gastroenterol. 2023;118(4):606-9.

Banks M, Graham D, Jansen M, Gotoda T, Coda S, di Pietro M, et al. British Society of
Gastroenterology guidelines on the diagnosis and management of patients at risk of
gastric adenocarcinoma. Gut. 2019;68(9):1545-75.

Castro R, Pimentel-Nunes P, Dinis-Ribeiro M. Evaluation and management of gastric
epithelial polyps. Best Pract Res Clin Gastroenterol. 2017;31(4):381-7.

Arantes V, Uedo N, Morita Y, Toyonaga T, Nakano Y, Pedrosa MS, et al. Polypoid nodule
scar after gastric endoscopic submucosal dissection: results from a multicenter study.
Endosc Int Open. 2018;6(10):E1198-e203.

Rodriguez-Carrasco M, Libanio D, Santos-Antunes J, Martins M, Morais R, Vaz Silva J, et
al. Local recurrence after endoscopic submucosal dissection of gastric neoplastic
lesions: special attention should be given also to safety margins. Scand J Gastroenterol.
2024;59(9):1105-11.

11

159






APPENDICES 12

12. Appendices

12.1. Other PhD related outputs

12.1.1 Original research articles

Study 1

Gastric Polyps in Familial Adenomatous Polyposis Portuguese Patients:
The First Western Cohort with Asian Features.

12.1.2 Letters to the editor

Study 2

Screening Endoscopy in Patients With Advanced Chronic Liver Disease -
Is It All About Varices?

Study 3

NC-ESD Study Group. eCura and W-eCura:
different scores, different populations, same goal

161






STUDY 1 12

Study 1

Gastric Polyps in Familial Adenomatous Polyposis Portuguese Patients:
The First Western Cohort with Asian Features

Baptista D, Fernandes M, Garrido M, Sousa F, Morais R, Garcia-Pelaez J, Silva R, Leitdo D,
Baptista M, Barbosa J, Carneiro F, Gullo I.

Pathobiology. 2024;91(3):196-204
DOI: 10.1159/000534571
Epub 2023 Oct 18. PMID: 37852192

Cited by 2 articles
(Google Scholar, 2025, April 24)

Impact factor 3.5
(Thomson-Reuters, 2023)

Rank 27 of 206 on Pathology journals (Q2)
(Scimago Journal & Country Rank, 2023)

163






Research Article

Pathobiology 2024;91:196-204
DOI: 10.1159/000534571

Received: June 23, 2023
Accepted: October 8, 2023
Published online: October 18, 2023

Gastric Polyps in Familial Adenomatous
Polyposis Portuguese Patients: The
First Western Cohort with Asian Features

Diana Baptista® Marco Fernandes®

Monica Garrido€

Fabiana Sousa®

Rui Morais® José Garcia-Pelaezf Roberto Silva®®P Dina Leitao®

Manuela Baptista® José Barbosa® Fatima Carneiro

a,b,f a,b,f

Irene Gullo

aDepartment of Pathology, Centro Hospitalar Universitario de Sao Jodo (CHUSJ), Porto, Portugal; PDepartment
of Pathology, Faculty of Medicine of the University of Porto (FMUP), Porto, Portugal; “Department of
Gastroenterology, Portuguese Oncology Institute of Porto, Porto, Portugal; “Department of General Surgery,
Centro Hospitalar Universitario de Séo Jodo (CHUSJ), Porto, Portugal; ®Department of Gastroenterology, Centro
Hospitalar Universitario de Sdo Jodo (CHUSJ), Porto, Portugal; fi3S — Instituto de Investigacdo e Inovacio em
Saude and Institute of Molecular Pathology and Immunology, University of Porto (Ipatimup), Porto, Portugal

Keywords
Familial adenomatous polyposis - Gastric polyps - Gastric
cancer - Helicobacter pylori

Abstract

Introduction: Chronic atrophic gastritis may contribute to
gastric polyps (GP) phenotype in familial adenomatous poly-
posis (FAP). Considering the high prevalence of Helicobacter
pylori (HP) infection in Portugal, we aim to characterize GP in a
series of Portuguese patients. Methods: In a retrospectively
selected series of 53 FAP patients, clinical data and histo-
pathological features of GP and background gastric mucosa
were studied. SPSS (27.0) was used for statistical analysis.
Results: Thirteen patients (24.5%) developed fundic gland
polyps (FGP), seven (13.2%) gastric adenomas (GA), and ten
(18.9%) both FGP and GA. Out of 100 GP, four were hyper-
plastic polyps, 58 FGP (24 with dysplasia), 35 intestinal-type GA
(intGA), and three foveolar-type GA (fovGA). IntGA were larger
(60% >7 mm, p = 0.03), occurred predominantly in the distal
stomach (66.7%, p = 0.024), in patients harboring gastric in-

testinal metaplasia (IM) (86.7%, p < 0.001), and duodenal ad-
enomas (86.7%, p < 0.001). Conclusion: This is the first Western
series showing high prevalence of intGA in FAP patients,
comparable to Asian cohorts. HP infection and chronic atrophic
gastritis/intestinal metaplasia are likely responsible for this
difference, with risk of neoplastic transformation and man-
agement implications. Biopsy/excision of GP >7 mm in the
distal stomach and in patients harboring gastric intestinal
metaplasia/duodenal adenomas should be considered.

© 2023 S. Karger AG, Basel

Introduction
Familial adenomatous polyposis (FAP) is a rare au-
tosomal dominant inherited syndrome associated with

germline variants in the adenomatous polyposis coli
(APC) gene, with the clinical phenotype of colorectal
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adenomatous polyps (CAP) in all patients [1]. This
condition poses a high risk of progression to colorectal
adenocarcinoma, ultimately leading to prophylactic co-
lectomy as the standardized treatment option [2]. Ac-
cording to the clinicopathological phenotype, FAP pa-
tients can be classified into classic FAP, attenuated FAP,
and profuse FAP, if presenting above 100 CAP, below 100
CAP, or above 5,000 CAP, respectively [3].

Duodenal adenomas (DA) are the most common
extracolonic manifestation of this cancer predisposition
syndrome, affecting up to 90% of FAP patients worldwide
[4]. As these polyps may progress to duodenal carcinoma
(5%) [5], endoscopic excision is recommended. Ac-
cording to the most recent clinical guidelines, the sur-
veillance interval for upper GI endoscopy should be based
on the duodenal phenotype, according to the Spigelman
Classification [6].

Gastric polyps, also an important extracolonic mani-
festation, occur in 50-90% of patients [3], with gastric
phenotype differing between the Western FAP pop-
ulation (WFP) and the Asian FAP population (AFP).
Fundic gland polyps (FGPs) are small exophytic lesions
usually located in the fundus. Histologically, they are
characterized by the presence of dilated cystic glands
lined by parietal cells, chief cells, and/or mucous foveolar
cells [7]. These polyps occur more frequently in WFP
(80%) than in AFP (50%) [8, 9], and although may de-
velop dysplasia, mainly of foveolar type, only few
documented cases evolved to high-grade dysplasia and
eventually gastric carcinoma [10, 11]. Gastric adenomas
(GA), occurring more infrequently in Western cohorts,
include foveolar-type adenomas, pyloric gland adenoma,
and rarely, intestinal-type adenomas [12].

Intestinal-type gastric adenomas (intGA), with a
known risk of evolving to gastric cancer, are clonal
neoplastic growths characterized by flat or polypoid
dysplastic epithelium and commonly occur in gastric
mucosa with atrophic gastritis and intestinal metaplasia
[13]. In contrast to FGP, intGA are more prevalent in
AFP (10% vs. 1-2%) [8, 9, 14].

The variability of the gastric phenotype between WFP
and AFP can be attributed to the higher prevalence of
Helicobacter pylori (HP) infection in AFP, which is a
definite (class I) carcinogen of gastric cancer [8, 15, 16].
The different prevalence of HP infection may explain the
higher overall risk of gastric cancer in AFP (2.6-13.6%)
compared with WFP (0.6%) [8, 9].

Currently, there are no guidelines accounting for the
risk of developing gastric neoplasia in FAP patients. In
this context, the development of specific guidelines
considering the higher risk of developing gastric cancer

Gastric Polyps in FAP Portuguese Patients

in patients with HP infection is of pivotal importance.
Portugal has one of the highest prevalence of HP among
Western countries, and evidence from the literature
suggests that the prevalence could be as high as
85% [17].

In this study, we hypothesized that a meticulous
analysis of clinical and pathological features of gastric
polyps in a well-characterized cohort of FAP patients
from a country with high prevalence of HP infection
could shed light on the association between HP infection
and the development of gastric lesions in WFP. To this
end, we aimed to characterize a series of Portuguese FAP
patients with respect to the risk of development of gastric
polyps. Specifically, we intended to analyze the gastric
phenotype in FAP patients, namely, the presence or
absence of gastric polyps and their histopathological
characterization, as well as to correlate them with HP
infection and the pathological steps of the Correa’s
cascade. Finally, we aimed to analyze possible associa-
tions between the gastric phenotype and the duodenal

phenotype.

Materials and Methods

Patient Series

Fifty-three patients with genetic confirmation of a pathogenic
or likely pathogenic germline variant in the APC gene were ret-
rospectively selected from the clinical database of the High-Risk
Consultation of Digestive Tumor at Centro Hospital Universitario
Sa0 Joao (CHUS]J) between 1992 and 2022. Exclusion criteria were
cases in which specimens from the stomach were not available.
Ethical approval was obtained from the CHUS] Ethics Committee
(CES 113/2023).

The following clinicopathological data were collected from the
clinical files and the reports from the Department of Pathology
database: age and gender, HP infection status in any gastric
specimen, presence/absence of gastric and duodenal polyps, as well
as their number and size, degree of dysplasia of DA, colonic
phenotype, and other extracolonic manifestations.

Histopathological Evaluation

In each patient, the initial gastric endoscopic biopsies were
analyzed. In patients with chronic gastritis, the degree of in-
flammation, neutrophilic activity, and glandular atrophy were
assessed both in antral and oxyntic mucosa using a three-tier
system (mild, moderate, and severe). Moreover, the presence of
intestinal metaplasia was recorded both in the antrum
and body.

In patients harboring gastric polyps, gastric polyp morphology
was evaluated according to the 5th edition of the WHO Classi-
fication of Tumors of the Digestive System [12] by a pathologist
with experience in gastrointestinal pathology (I.G.). The following
gastric polyp types were identified: FGP with or without dysplasia,
foveolar-type gastric adenomas (fovGA), and adenomas with
predominantly intestinal-type dysplasia (intGA). Dysplasia was
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graded using a two-tier system (low grade and high grade). The
location of each gastric polyp recorded in the endoscopic report
was confirmed by histology.

More detailed morphological features of FGP were also assessed
according to the criteria proposed by Fukuda et al. [18] and studied
by Kévari et al. [19]. Specifically, FGP were analyzed according to
the presence of distorted, irregular, and tortuous glands, glandular
buds, as well as stellate configurations. Also, the microcyst lining
was assessed, distinguishing FGP with oxyntic-type, foveolar, or
mixed foveolar/oxyntic-type cell lining. The superficial foveolar
epithelium was also examined, looking for foveolar hyperplasia.

Study of Helicobacter pylori Infection Status by

Immunohistochemistry

Modified Giemsa staining was performed in tissue sections
obtained from formalin-fixed paraffin-embedded (FFPE) blocks of
the initial gastric endoscopic biopsies for screening of HP infec-
tion. In HP-negative cases, immunohistochemistry (IHC) using
primary monoclonal antibody against Helicobacter pylori (clone
SP48) was performed (Ventana Medical Systems, AZ, USA).
Samples were processed in the automatic Ventana Benchmark
Ultra platform using the OptiView Universal DAB detection kit.
Evaluation of HP infection by Giemsa staining and IHC was
carried out blindly by two independent observers (D.B. and 1.G.).

Statistical Analysis

Statistical analysis was performed using SPSS software (version
27.0, IBM, New York, NY, USA). Categorical variables were
compared using x? test. For multiple categorical variables, the post
hoc Bonferroni correction was applied. The Kruskal-Wallis non-
parametric test was used to compare quantitatively independent
variables within different gastric phenotypes. Differences were
considered statistically significant if p < 0.05.

Results

The series encompassed 53 FAP patients. The
median age was 52 years, and 32/53 (60.4%) were
males. Information about histopathological evaluation
of colectomy specimens was available in 30/53 patients
(56.6%). Of these, 26.7% (n = 8/30) were diagnosed
with colorectal adenocarcinoma at the time of colec-
tomy. The majority of patients (24/30, 80%) had more
than 100 CAP, while 6 patients (6/30, 20%) had
less than 100 CAP. Duodenal polyps were identified in
21/53 (39.6%). The series encompassed 46 DA with low-
grade dysplasia and two DA with high-grade dysplasia.
As only few endoscopic reports described the size of
DA, this variable was not retrieved for statistical
analysis. One patient (1/53; 1.9%) was diagnosed with
ampullary carcinoma and another (1/53, 1.9%) with
gastric cancer, which was diagnosed at another insti-
tution and was not available for histopathological
evaluation. Moreover, 2 patients (2/53, 3.8%) were
diagnosed with desmoid tumors. A detailed descrip-

198 Pathobiology 2024;91:196-204
DOI: 10.1159/000534571

tion of the series according to the gastric phenotype is
shown in Figure 1. The majority of patients (n = 30/53,
56.6%) had FGP and/or GA. Thirteen (13/53, 24.5%)
were diagnosed exclusively with FGP, 10/53 (18.9%)
with FGP and GA, and 7/53 (13.2%) with GA. The series
encompassed 100 gastric polyps, including four hy-
perplastic polyps, 34 FGP without dysplasia, 24 FGP
with gastric type dysplasia, 35 intGA (Fig. 2), and three
fovGA (online suppl. Fig. 1; for all online suppl. ma-
terial, see https://doi.org/10.1159/000534571). High-
grade dysplasia was diagnosed in 6/35 (17.1%) of in-
tGA. The patient with a previous history of gastric
adenocarcinoma belonged to the group of patients di-
agnosed with intGA with high-grade dysplasia.

Status of Background Gastric Mucosa Influences the

Presence and Histopathological Type of Gastric Polyps

To evaluate if the presence and histopathological type of
gastric polyps were associated with specific clinicopatho-
logical features, we divided our cohort of Portuguese FAP
patients into four groups, according to the gastric phe-
notype: (a) absence of FGP and GA; (b) patients harboring
only FGP without dysplasia; (c) patients harboring fovGA
and/or FGP with foveolar-type dysplasia; (d) patients
harboring intGA with or without FGP. Clinicopathological
features are listed and detailed in Table 1.

The four cohorts showed distinct clinicopathological
features. A total of twenty-three cases were positive for
HP, with 19 detected using modified Giemsa stain and
the remaining identified by IHC. HP infection was ob-
served more frequently in the group with no gastric
polyps (15/23, 65.2%) compared to patients with FGP
and/or GA (p = 0.014). Moreover, when comparing both
groups harboring dysplasia, HP infection was more fre-
quent in group d (6/15, 40%) than in group b (0/15, 0%)
and c (2/15, 13%) (p = 0.014). Patients harboring intGA
showed more frequent intestinal metaplasia in the back-
ground mucosa (13/15, 86.7%) when compared to other
groups (p < 0.001). As detailed in Table 1, a statistically
significant  difference was observed when intestinal
metaplasia was evaluated in the antrum (p = 0.012) but not
in the body/fundus (p = 0.75). No statistically significant
differences were identified between the four groups re-
garding the presence and degree of chronic inflammation
and neutrophilic activity.

Regarding the association between the histopatho-
logical subtype and the location and size of gastric polyps,
we found an association between intGA (group d) and
location in the distal stomach (10/15, 66.7%). By contrast,
all patients harboring FGP and/or fovGA had polyps in
the proximal stomach (p = 0.024). Moreover, intGA was
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Fig. 1. Characterization of the cohort of
FAP patients according to the gastric

phenotype.

Fig. 2. Polyps and gastrectomy specimens
from FAP patients, showing fundic gland
polyp (FGP) without dysplasia (a x40
amplification) and FGP with dysplasia
(b x100 amplification). The gastrectomy
specimen (c) showed multiple FGP in the
proximal stomach (the larger indicated by
black arrows) and irregular, elevated, and
depressed areas in the distal stomach
(circled by yellow dotted line) corre-
sponding to intestinal type gastric ade-
nomas (intGA) (d). Patients with intGA
presented more frequently with duodenal
adenomas (e).

Gastric Polyps in FAP Portuguese Patients

Patients with no FGP/ GA Patients with FGP Patients with FGP and GA Patients with GA
n=23* n=13* n=10 n=7*
Total number of FGP
n = 58 (24 with foveolar type dysplasia)
Total number of GA
n=38
~ 35 intGA (6 with high-grade dysplasia)**
—3 fovGA***
FGP, Fundic gland polyps; GA, Gastric ad intGA, intestinal type ad fovGA, foveolar type

adenomas,

* Four patients also presented hyperplasic polyps.

** Gastric cancer.

*#*% From two

the former p

ly fovGA and the latter presenting both FGP and fovGA.
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Table 1. Comparison of clinicopathological features between four different cohort groups: (a) absence of fundic gland polyps (FGP)
and gastric adenomas (GA); (b) patients harboring only FGP without dysplasia; (c) patients harboring foveolar type GA (fovGA) or
FGP with low-grade foveolar type dysplasia; (d) patients harboring intestinal type GA (intGA) with or without FGP

Clinicopathological feature Category (@,n=23 (b),n=5 (c),n=10 (d), n=15 Total,n=53 p value
(43.4%) (9.4%) (18.9%) (28.3%) (100%)

Age, years, median (range) - 52 (26-84) 57 (30-76) 31 (27-50) 55 (30-87) 52 (26-87) 0.198

Sex, n (%) Male 15 (65.2) 3 (60) 6 (60) 8 (53.3) 32 (60.4) 0911
Female 8 (34.8) 2 (40) 4 (40) 7 (46.7) 21 (39.6)

Helicobacter pylori, n (%) Identified 15 (65.2)* 0 2 (20) 6 (40) 23 (43) 0.014
Not identified 8 (34.8)* 5 (100) 8 (80) 9 (60) 30 (57)

Inflammation antrum, n (%) Absent/mild 10 (52.7) 1 (100) 3 (75) 7 (63.6) 21 (39.6) 0.837
Moderate/severe 9 (47.3) 0 1 (25) 4 (36.4) 14 (26.4)

Inflammation body, n (%) Absent/mild 11 (91.7) 2 (100) 6 (85.7) 6 (100) 25 (47.2) 0.487
Moderate/severe 1 (8.3) 0 1(14.3) 0 2 (3.8)

Activity antrum, n (%) Absent/mild 16 (84.2) 1 (100) 4 (100) 10 (90.9) 31 (58.5) 0.849
Moderate/severe 3 (15.8) 0 0 1(9.1) 4 (7.5)

Activity body, n (%) Absent/mild 11 (91.7) 2 (100) 8 (100) 5 (100) 26 (49) 0.719
Moderate/severe 1 (8.3) 0 0 0 1(1.9)

Intestinal metaplasia antrum, n (%) Absent 12 (66.7) 1 (100) 4 (80) 2 (15.4)* 19 (35.8) 0.012
Present 6 (33.3) 0 1 (20) 11 (84.6)* 18 (34)

Intestinal metaplasia body, n (%) Absent 11 (84.6) 2 (100) 7 (87.5) 5(71.4) 25 (47.2) 0.746
Present 2 (15.4) 0 1(12.5) 2 (28.6) 5(9.4)

Intestinal metaplasia location, n (%) Antrum only 5(71.4) NA 0 9 (81.8) 14 (26.4) 0.203
Antrum and/or 2 (28.6) NA 1 (100) 2(18.2) 5 (9.4)
body

Atrophy antrum, n (%) Absent/mild 11 (68.8) 1 (100) 3 (100) 7 (63.6) 22 (41.5) 0.232
Moderate/severe 5 (71.2) 0 0 4 (36.4) 9(17)

Atrophy body, n (%) Absent/mild 9 (90) 1 (100) 6 (85.7) 7 (100) 23 (43.4) 0.702
Moderate/severe 1 (10) 0 1 (14.3) 0 2 (3.8)

Number of gastric polyps, n (%)  Less than 3 NA 4 (80) 7 (77.8) 9 (60) 20 (37.7) 0.205
More than or NA 1 (20) 2 (22.2) 6 (40) 9(17)
equal to 3

Location of polyps, n (%) Proximal NA 5 (100) 9 (100) 5(33.3)* 19 (35.8) 0.024
stomach
Distal stomach NA 0 0 10 (66.7)* 10 (18.9)

Maximum gastric polyp size, mm, - NA 4(05-8) 7 (4-9) 8 (2-25) 6.8 (0.5-.25) 0.032

median (range)

*Significant p value after Bonferroni post hoc correction. Statistically significant values are highlighted in bold.

larger (median size = 8 mm) when compared with polyps
from group (b) (median size = 7 mm) and (c) (median
size = 4 mm) (p = 0.032).

In summary, clinicopathological data from this se-
ries showed that HP infection and the steps of chronic
inflammation culminating in intestinal metaplasia
might influence the histopathological subtype of gastric
polyps in the context of FAP. Particularly, the long-
standing presence of intestinal metaplasia in the
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background mucosa was associated with the develop-
ment of intGA, which occurred predominantly in the
distal stomach.

FGP in FAP Patients Showed Specific Histopathological

Features

The presence of specific histopathological char-
acteristics of FGP associated with FAP in a previous
study [19] prompted us to analyze whether these
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Table 2. Histological features of fundic gland polyps (FGP) in our cohort evaluated according to Kévari

et al. [19]

Histological feature Category FGP (n = 58)

Disordered glandular architecture, n (%) Irregular tortuous glands 39 (67.2)
Glandular buds 48 (82.6)
Stellate configurations 35 (60.3)

Microcyst lining, n (%) Fundic cells 2 (34)
Mucin-secreting cells 0
Mixed cells 56 (96.6)

Parietal cell hyperplasia, n (%) Yes 8 (13.8)
No 50 (86.2)

Hyperplasia of surface foveolar epithelium, n (%) Yes 12 (20.7)
No 46 (79.3)

characteristics could also be detected in our FGP
series. The histopathological characteristics that were
evaluated are listed in Table 2 (online suppl. Fig. 2).
The majority of FGP showed irregular tortuous
glands (39/58, 67.2%), glandular buds (48/58, 82.8%),
and stellate configurations (35/58, 60.3%). Regarding
the microcyst lining, almost the totality showed
mixed cell (foveolar and oxyntic) lining (56/58,
96.6%). Pure foveolartype lining was not observed
and only two cases (2/58, 3.4%) showed exclusively
oxyntic-type cells. Only a minority of FPG showed
parietal cell hyperplasia (8/58, 13.8%) and foveolar hy-
perplasia of the surface foveolar epithelium (12/58, 20.7%).

Characteristics of Duodenal Adenoma Are Related to

Gastric Polyp Phenotype

As DA are the most frequent extracolonic mani-
festation in FAP patients and their characteristics
define upper endoscopic surveillance, we considered
that the evaluation of the relationship between DA
characteristics and the gastric polyp phenotype was of
paramount importance. As shown in Table 3, a sig-
nificant association was observed between the presence
of DA and the gastric phenotype, with DA developing
more frequently in the group of patients harboring
intGA (13/15, 86.7%) when compared to the other
groups, assuming this finding a greater significance
when patients from group (a) (1/23, 4.3%) were con-
sidered (p < 0.001). Two DA with high-grade dysplasia
were excised in 2 different patients, the former in
group (b) and the latter in group (d). The patient with
history of ampullary carcinoma also belonged to

group (d).

Gastric Polyps in FAP Portuguese Patients

Discussion and Conclusion

Within the different types of gastric polyps in FAP
patients, intGA are of particular interest because of their
increased risk for gastric cancer development. Evidence
from the literature suggests that the incidence of intGA is
variable, ranging from 1.3% to 15.4% in several Western
FAP cohorts [2,20-29] and from 14.2% to 66.7% in Asian
FAP cohorts [8, 9, 15, 30-34]. The distinct gastric phe-
notype in WFP and AFP can be explained by geographic
differences, heterogeneity of patient cohorts, and, most
importantly, by the higher prevalence of HP infection
in AFP.

In our series, we observed that individuals harboring
intGA accounted for 28% of FAP patients, which is higher
than previously described WFP cohorts. This finding
prompted us to investigate a possible correlation between
HP infection and the gastric phenotype in Portuguese
FAP patients, a population of particular interest, since a
high prevalence (~85%) of HP infection has been de-
scribed in recent studies [17]. Due to the heterogeneity of
prevalence of HP infection and a general lack of research
on the correlation between HP infection and gastric polyp
development in FAP, we hypothesized that a thorough
clinicopathological characterization of gastric polyps
could suggest a correlation between HP infection and the
gastric phenotype in FAP patients in Western series.

The Correa’s cascade is the histological model of
progression from the normal gastric mucosa to gastric
cancer, with the main precipitating factor being HP
infection. We observed that intestinal metaplasia was
significantly associated with a gastric phenotype
characterized by intGA. Particularly, the majority
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Table 3. Presence of duodenal adenomas, number and pathological features comparison between four different cohort groups: (a)
absence of fundic gland polyps (FGP) and gastric adenomas (GA); (b) patients harboring only FGP without dysplasia; (c) patients
harboring foveolar type GA (fovGA) or FGP with low-grade foveolar type dysplasia; (d) patients harboring intGA (with or without FGP)

Clinicopathological feature Category (@,n=23 (b),n=5 (c),n=10 (d),n=15 Total, p value
(43.4%) (9.4%) (18.9%) (28.3%) n =53
(100%)
Duodenal adenoma, n (%) Absent 22 (95.7)* 4 (80) 5 (50) 2 (13.3)* 33 (62.3) <0.001
Present 1 (4.3)* 1 (20) 5 (50) 13 (86.7)* 20 (37.7)
Number of duodenal Less than 3 2 (100) 1 (100) 1 (20) 5 (38.5) 9(17) 0.106
polyps, n (%) More than or equal 0 0 4 (80) 8 (61.5) 12 (22.6)
to 3

2High-grade dysplasia. POne with high-grade dysplasia. *Significant p value after Bonferroni post hoc correction. Statistically

significant values are highlighted in bold.

(86.7%) of Portuguese FAP patients with intGA har-
bored intestinal metaplasia in the background mucosa,
particularly in the antrum. These findings suggest that
the status of background gastric mucosa, besides the well-
known genotype-phenotype correlation described in FAP
[35], could influence and determine the gastric phenotype
in FAP patients, highlighting the pivotal role of environ-
mental factors for the phenotypic expression of genetic
syndromes.

In our study, HP infection was more frequently ob-
served in patients without gastric polyps. Putative in-
terpretations for these findings include the inhibitory
effect of HP infection on the development of FGP [36]
and in patients with inGA, the spontaneous disappear-
ance of HP as a result of severe atrophy and intestinal
metaplasia, i.e., previous HP infection-induced atrophic
gastritis [37, 38].

Our findings could have important clinical conse-
quences for the management of FAP patients. Currently,
the surveillance interval of upper gastrointestinal
endoscopy is based on the duodenal phenotype on the
basis of Spiegelman classification. In this study, we
stressed the importance of the gastric phenotype for more
accurate and personalized follow-up strategies, based on
the risk of developing gastric neoplasia. Although this
statement needs validation in further studies involving
both Western and Asian FAP populations, we showed
that FAP patients harboring intestinal metaplasia are
more prone to develop intGA and could represent op-
timal candidates for shorter follow-up periods and per-
sonalized strategies, given the higher risk of intGA of
malignant transformation in comparison to FGP with
dysplasia and fovGA. As proof of concept, in our series,
the only patient with gastric adenocarcinoma belonged to
the group of patients harboring intGA.
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Regarding the location of the polyps, the majority
of intGA (66.7%) were located at the distal stomach,
possibly related to the fact that the intestinal metaplasia
was predominantly restricted to the antral region, while
all FGP were located in the proximal stomach, given their
primary origin in oxyntic glands. Moreover, intGA
presented a greater size (median 8 mm) compared to
other types of gastric polyps and was associated with the
presence of duodenal adenomas (86.7%). Accordingly,
gastroenterologists should be aware of the higher risk of
development of intGA in patients harboring gastric
polyps with concerning features, including size greater
than 7-8 mm, distal location, and, as described in pre-
vious studies, reddish, depressed, sessile, or subtle lesions
(22, 30].

A secondary objective of the present study was to de-
scribe specific histopathological patterns of FGP which
could correlate to different etiologies, according to Kévari
et al. [19]. According to this study, FAP-associated gastric
polyps demonstrated small microcysts predominantly
lined by fundic epithelium, with limited parietal cell hy-
perplasia or foveolar hyperplasia (pattern B). Although in
our series some characteristics belonged to the FAP-
associated pattern (only 14% and 21% of FGP showed
parietal cell hyperplasia and foveolar hyperplasia, re-
spectively), other characteristics corresponded to those
associated with non-syndromic FGP typically described in
proton-pump inhibitors (PPI) therapy (pattern A),
namely, the distorted glandular architecture in the form of
irregular tortuous glands and glandular buds (up to 91%)
and mixed cell lining (97%). A limitation of this study is
that no information about PPI therapy is available on the
clinical records of our patients. Thus, we cannot exclude
that some of these non-syndromic features could be
associated with concomitant PPI therapy in FAP patients.
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In conclusion, to our knowledge, this is the first
Western series of FAP patients to show a higher incidence
of gastric dysplasia of predominantly intestinal pheno-
type, as previously described in Asian studies. This study
showed that atrophic gastritis with intestinal metaplasia
and/or previous history of HP infection is likely re-
sponsible for this difference, with oncogenic potential and
surveillance implications. Closer follow-up by gastro-
duodenoscopy should be recommended in FAP patients
with previous HP infection, intestinal metaplasia, and/or
duodenal adenomas on previous endoscopic biopsies.
Biopsy or excision of gastric polyps with concerning
features (i.e., >7 mm and/or reddish, flat, or depressed
lesions) located in the distal stomach and developing in
patients with gastric intestinal metaplasia and duodenal
adenomas should be considered.
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Screening Endoscopy in Patients With
Advanced Chronic Liver Disease - Is It All
About Varices?

Dear Editor:

We read with great interest the article by Pizzo et al’
regarding the cost-effectiveness of the Baveno VI criteria
compared with endoscopy for high-risk varices in pa-
tients with Child Pugh A cirrhosis. Previous studies have
validated the Baveno VI criteria regarding the prediction
of gastroesophageal varices (GOEVs),”™ but this is the
first study to demonstrate the cost-effectiveness of this
approach in the United Kingdom, Canada, and Spain.
Although we congratulate the authors for their findings,
some points should be addressed before a widespread
implementation of the Baveno VI criteria for GOEV
screening should be considered, namely regarding the
potential for opportunistic upper gastrointestinal
neoplasia detection with the performance of esoph-
agogastroduodenoscopy (EGD). The authors briefly
address this question, stating that the Baveno VI criteria
can result in missing gastro-esophageal cancer detection,
particularly in patients at higher risk, such as those with
alcoholic liver disease.

Our group recently aimed to evaluate the frequency
of gastric neoplasia in patients with compensated
advanced chronic liver disease (cACLD) who underwent
EGD screening for GOEVs, in a Western country with
intermediate-high risk of gastric cancer (Portugal).® We
found a significantly higher frequency of gastric
neoplasia in patients with cACLD compared with a
healthy population (4.0% vs 1.0%). More interestingly,
36.8% of gastric neoplasia cases were diagnosed on pa-
tients who, according to the Baveno VII criteria, would
not have been submitted to EGD. Finally, 2 interesting
findings were that rare histopathological subtypes
(World Health Organization classification) accounted for
28.7% of gastric carcinoma cases in the cACLD cohort,
and more than one-half the cases of gastric adenocarci-
noma were diagnosed in patients without alcoholic liver
disease, suggesting that other factors beside the etiology
of ACLD may be associated with an increased risk of
gastric neoplasia in this population (namely liver
cirrhosis-associated immune dysfunction). Recent evi-
dence has shown that in countries with intermediate to

high risk of gastric cancer, screening with EGD appears
to be cost-effective in the healthy population when per-
formed at the same time as screening colonoscopy.” Our
results support that continuing to perform EGD in pa-
tients with cACLD may be beneficial. Patients with Child
Pugh A cirrhosis are the ones that will mostly benefit
from an early detection of gastric neoplasia, considering
the safety and efficacy of endoscopic resection tech-
niques in this population.”

Further studies should focus on the evaluation of the
cost-effectiveness analysis of the Baveno criteria in
countries with intermediate-high risk of gastric cancer
(such as Portugal, Lithuania, Romania, or Slovenia). A
sensitivity analysis could take into consideration the
significantly higher prevalence of gastric neoplasia in this
population and the potential benefits of early detection.
Identification of additional risk factors for gastric cancer
in these patients (other than the etiology of cirrhosis)
seems of paramount importance, because that, in the
future, may lead to a tailored selection of those who
really benefit from an invasive and simultaneous
screening for both GOEVs and upper gastrointestinal
neoplasia.

RUI MORAIS
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eCura and W-eCura: different
scores, different populations,
same goal

We read with great interest the letter by
Hatta et al' and thank the authors for their
valuable insight on the management of
patients after a high-risk resection (HRR)
gastric endoscopic submucosal dissection
(ESD).

Our primary objective was to vali-
date eCura in a Western cohort that, as
mentioned, showed a remarkable discrim-
inative ability, and support that it may be
applied in Western countries to stratify
the risk of lymph node metastasis (LNM)
after a gastric HRR. With W-eCura, we
proposed a slight modification of the
original system, increasing the cut-off of
the submucosal invasion to 1mm, which
showed a small, although statistically
significant, higher accuracy, while main-
taining a very high sensitivity.” We agree
that besides the internal validation that
was already performed, a validation study
with an external cohort is warranted to
assess the real differences between the
two systems, and which could fit better
in Western and Eastern cohorts. In an
optimal setting, the study should involve
either Western and Eastern centres and
include a centralised and standard eval-
uation of the ESD specimens by expert
pathologists. This would minimise the
differences in specimen handling and
histopathological analysis® that could
contribute to the significant differences
observed in the discriminative ability of
the scores in the two studies.

The initial eCura study® was the first
step in this long road that ultimately aims
to avoid unnecessary surgeries, while
maintaining a comparable survival rate.’
As the authors stated, despite the low
number of cases, there is now growing
evidence that in HRR patients scoring
in the eCura/W-eCura low-risk category
the benefit of further gastrectomy may be
lower than its morbidity and mortality.

Further refinement of both eCura
and W-eCura may be necessary. Some
tools have been developed, namely
nomograms to predict not only the
preprocedural risk of needing further
gastrectomy, considering morpholog-
ical, histological and imagiological
features of the ESD target lesion,® but
also postprocedural, to predict the rate
of LNM, some of them using artificial
intelligence systems.”™

Therefore, despite the need for addi-
tional data and validation, we consider

that we are all on the right track for
improving the management after an
HRR gastric ESD, which could be
particularly important in high-risk
surgical patients.
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