GE - Portuguese
Journal of
Gastroenterology

Review Article

GE Port J Gastroenterol 2022;29:299-310
DOI: 10.1159/000520529

Received: May 7, 2021
October 2, 2021
Published online: December 7, 2021

Improving the Diagnosis and Treatment
of Early Gastric Cancer in the West

Diogo Libanio®*® Raquel Ortigdo? Pedro Pimentel-Nunes® P

Mario Dinis-Ribeiro®?

aGastroenterology Department, Portuguese Oncology Institute of Porto, Porto, Portugal; PMEDCIDS - Department
of Community Medicine, Health Information and Decision of the Faculty of Medicine of the University of Porto,

Porto, Portugal
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Gastric cancer is the third leading cause of cancer-related
death. In Western countries, its lower prevalence and the ab-
sence of mass screening programmes contribute to late di-
agnosis and a slower implementation of minimally invasive
treatments. A secondary prevention strategy through endo-
scopic surveillance of patients at high risk of intestinal-type
gastric adenocarcinoma or by screening gastric cancer with-
in colorectal screening programmes is cost-effective in inter-
mediate-risk countries, though the identification of these
patients remains challenging. Virtual chromoendoscopy
with narrow-band imaging improves the accuracy of endo-
scopic diagnosis, significantly increasing the sensitivity for
intestinal metaplasia while preserving specificity. Endoscop-
ic grading of gastric intestinal metaplasia is feasible, corre-
lates well with histological staging systems and also with
gastric neoplasia risk and can be used to stratify risk. Endo-
scopic submucosal dissection (ESD) in the West achieves ef-
ficacy and safety outcomes similar to those reported for East-
ern countries, and the long-term disease-specific survival is
higher than 95%. A prospective comparative study with gas-
trectomy confirms its higher safety and its benefits concern-

ing health-related quality of life. However, ESD is associated
with a 5% risk of postprocedural bleeding and a 20% risk of
non-curative resection. The knowledge of risk factors for ad-
verse events and non-curative resection can improve patient
selection. The risk of metachronous lesions after ESD is high
(3-5% per year), and endoscopic surveillance is needed. The
management of patients with non-curative resection can be
optimized using risk scoring systems for lymph node metas-

tasis. © 2021 Sociedade Portuguesa de Gastrenterologia

Published by S. Karger AG, Basel

Optimizacao do diagnéstico e tratamento do cancro
gastrico precoce no Ocidente

Palavras Chave

Cancro gastrico - Cromoendoscopia virtual - Narrow-
band imaging - Dissecao endoscépica da submucosa -
Qualidade de vida

Resumo

O cancro gastrico é a terceira causa de morte por cancro.
Nos paises Ocidentais, a sua menor prevaléncia e a ausén-
cia de programas de rastreio contribuem para o diag-
nostico tardio e para uma implementagao mais lenta de
tratamentos minimamente invasivos. Estratégias de pre-
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vencao secundaria através da vigilancia de individuos em
maior risco de adenocarcinoma gastrico tipo intestinal ou
de rastreio de cancro gastrico (enquadradas em program-
as de rastreio do cancro colo-retal) é custo-efetiva em
paises de incidéncia intermédia, apesar de a identificacdo
destes individuos permanecer desafiante. A cromoen-
doscopia virtual com narrow-band imaging melhora a val-
idade do diagnoéstico endoscopico, aumentando signifi-
cativamente a sensibilidade para metaplasia intestinal
preservando aespecificidade. O estadiamento endoscopi-
co da metaplasia intestinal é exequivel, correlaciona-se
com os sistemas de estadiamento histoldgicos e também
com o risco de neoplasia gastrica, podendo ser utilizada
para estratificar o risco. A dissecao endoscoépica da sub-
mucosa (DES) no Ocidente tem eficacia e seguranca se-
melhante a reportada nos paises Orientais, e a sobrevida
especifica de doenca é superior a 95%. Estudos compara-
tivos com a gastrectomia confirmam a sua maior segu-
ranca e beneficios na qualidade de vida. Contudo, a DES
associa-se a risco de hemorragia pds-procedimento (5%)
e de ressecao nao curativa (20%). A identificacdo de fa-
tores de risco para eventos adversos e resse¢ao ndo cura-
tiva podem melhorar a selecao dos doentes para esta téc-
nica. O risco de lesdes metacronas apds DES é elevado
(3-5% ano) e a vigilancia endoscopica é necessaria. A
abordagem dos doentes com ressecdes ndo curativas
pode ser otimizada através da utilizacao de classificagcdes
de risco para metastases ganglionares.

© 2021 Sociedade Portuguesa de Gastrenterologia
Published by S. Karger AG, Basel

Gastric cancer is the 5th most common cancer world-
wide and the 3rd leading cause of cancer-related death [1].
Portugal is a country of moderate to high incidence, with
an estimated crude incidence rate of 28.0/100,000 in 2018
and a crude mortality rate of 22.1/100,000. This high lethal-
ity rate is due to the fact that more than half of the patients
with gastric cancer are diagnosed at advanced stages (at
least in non-screened populations), and overall 5-year sur-
vival of patients with gastric cancer is 31% according to the
American Cancer Society data [2]. Although gastric cancer
incidence has been declining over the past century, it is ex-
pected that the number of new cases will increase in the next
decades due to an ageing population [3, 4].

The risk factors for intestinal-type gastric adenocarci-
noma, the most frequent subtype of gastric cancer and the
more preventable, can be divided into non-modifiable
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and modifiable. Age, male sex, family history and race are
the more important non-modifiable risk factors. The in-
cidence rate of gastric cancer increases progressively with
age, and male sex is also associated with an increased risk
of both non-cardia (2-fold) and cardia (5-fold) gastric
cancer [5, 6]. Family history is also a well-established risk
factor for gastric cancer, with a reported risk of 2- to 10-
fold, although only 5% of the gastric cancer cases are
caused by an autosomal dominant trait [7, 8]. The major-
ity of cases of familial aggregation are probably explained
by unknown genetic alterations and also by a high degree
of exposure to shared environmental carcinogens.

Regarding modifiable risk factors, Helicobacter pylori
infection, smoking, low socioeconomic status, high in-
take of salty and smoked foods, and low consumption of
fruits and vegetables are the most common reported risk
factors [3]. H. pyloriis atype I carcinogen and contributes
to 75-89% of all non-cardia gastric adenocarcinomas [9].
Although mass eradication programmes have shown to
significantly decrease gastric cancer incidence in high-
risk areas, it is unclear whether this strategy is beneficial
and cost-effective in areas of low or moderate risk [10,
11]. Furthermore, the high resistance of H. pylori to anti-
biotics could decrease the effectiveness of this primary
prevention strategy [12].

In this review we summarize the findings of our stud-
ies on this topic, which can contribute to improve the di-
agnosis and management of patients with precancerous
conditions and early neoplastic lesions in Western coun-
tries.

Why Is It Important?

Intestinal-type gastric adenocarcinoma (Lauren classifi-
cation) is the most frequent type in high-incidence areas, is
related with environmental factors (mainly H. pylori infec-
tion) and is the last step of the gastric carcinogenesis cas-
cade [13]. According to this model, H. pylori infection and
chronic gastritis are the first steps, and a significant propor-
tion of infected individuals develop chronic atrophic gastri-
tis and intestinal metaplasia (precancerous conditions), the
background in which dysplasia (prencancerous lesion) and
adenocarcinoma develop. This progression generally takes
decades, and is influenced by host genetic background,
H. pylori genotype and environmental co-exposures (smok-
ing, saltintake). H. pylori eradication and lifestyle modifica-
tions can thus decrease the incidence of intestinal-type gas-
tric adenocarcinoma.
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The incidence of gastric cancer in patients with pre-
cancerous conditions was evaluated in some studies. A
Swedish cohort with long follow-up found a standardized
incidence ratio of 2.8 (95% CI 2.3-3.3) for patients with
atrophic gastritis and of 3.4 (95% CI 2.7-4.2) for patients
with intestinal metaplasia (IM) [14]. The 20-year gastric
cancer risk in this North European cohort was 2.0% in the
atrophic gastritis group and 2.56% in the IM group. A
Dutch cohort also found an annual gastric cancer inci-
dence of 0.1% for atrophic gastritis and 0.25% for intesti-
nal metaplasia [15]. Thus, we can broadly say that in low-
incidence countries the annual risk of developing neopla-
sia is 0.1-0.25%, which gives a long-term risk of 2-5% in
20 years, but we should bear in mind that these rates are
higher in Eastern countries. For instance, a Japanese
study showed a higher progression risk that can reach
10% in 5 years for patients with severe atrophy [16].

The slow progression between the development of
precancerous conditions and dysplasia/neoplasia can al-
low the identification of early neoplastic lesions if these
patients with a higher risk of intestinal-type gastric ade-
nocarcinoma undergo endoscopic surveillance. Screen-
ing gastric cancer within colorectal screening pro-
grammes is also cost-effective in intermediate-risk coun-
tries [17]. However, it remains unclear how the
identification of these high-risk patients can be improved.

How Can We Improve the Identification of Gastric

Precancerous Conditions?

The ability of non-invasive markers (e.g., serum pep-
sinogens and/or H. pylori serology) to identify individu-
als with high-risk conditions is only moderate [18]. A me-
ta-analysis found that the sensitivity of pepsinogens for
atrophic gastritis was 0.69 (95% CI 0.55-0.80), and the
pooled specificity was 0.88 (95% CI 0.77-0.94). These
markers can thus have a role in mass screening, but their
sensitivity is suboptimal, the heterogeneity concerning
accuracy is high and the best cut-offs are unclear, and they
were never adopted in European countries. The identifi-
cation of patients with precancerous conditions in the
West is thus not systematic, but the diagnosis can be op-
portunistically made when a patient is submitted to an
endoscopy performed for gastrointestinal symptoms or
signs. Endoscopy is the gold-standard for detection of
gastric pathology, but the concordance between endos-
copy and histology concerning precancerous conditions
is suboptimal, and random biopsies are advised in order
to diagnose atrophy or IM [19-23]. However, in a real-
world setting, biopsies are often not performed in the ab-
sence of recognized abnormalities since biopsies increase
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bleeding risks, procedural time and costs. Another prob-
lem is that these precancerous conditions are unevenly
distributed, and thus random samples can be prone to
sampling error. Thus, how can we improve the identifica-
tion of precancerous conditions when a patient is submit-
ted to endoscopy?

Conventional chromoendoscopy (CE) is frequently
used in Eastern countries with high gastric cancer inci-
dence such as Japan and Korea, but it did not gain wide
acceptance in Europe. In the last decade, virtual CE was
developed - a technique in which the image is modified
to increase the contrast between structures in order to
achieve a better image of the glandular architecture and
microvascular pattern. This is achieved using only a part
of the visible spectrum by using optical or digital filters,
decreasing the amount of red light in the image and nar-
rowing the bandwidth of green and blue light. There are
now some CEs available, such as flexible spectral imaging
color enhancement, i-scan and blue-laser imaging, but
narrow-band imaging (NBI) was the first commercially
available virtual CE system that entered clinical practice,
and several studies mainly from Japan and using magni-
fication endoscopes showed a high accuracy in the diag-
nosis of gastric precancerous conditions. However, the
majority of the studies were conducted in Eastern coun-
tries, most were unicentric and there was a lack of studies
evaluating the impact of NBI without the use of magnifi-
cation endoscopes.

In 2012, our group performed a derivation and multi-
centre validation of a simple classification for gastric pa-
thology (Fig. 1) [24]. The correlation of previously de-
scribed NBI features (regular tubulovillous mucosal pat-
tern, irregular pattern and light blue crest) with histology
was evaluated, as well as inter-observer reproducibility,
and a simple classification was proposed and further val-
idated in 40 patients/100 videos. Pattern A (normal)
showed a sensitivity of 0.76 (95% CI 0.63-0.89) and a
specificity of 0.94 (95% CI 0.83-0.97) for normal mucosa
(accuracy 0.83, 95% CI 0.75-0.90); pattern B (IM) pre-
sented a sensitivity of 0.90 (95% CI 0.79-1.00) and a spec-
ificity of 0.81 (95% CI 0.72-0.91) for the diagnosis of IM
(accuracy 0.84, 95% CI 0.77-0.91); pattern C had a sensi-
tivity of 0.84 (95% CI 0.70-0.99) and a specificity of 0.98
(95% CI 0.95-1.00) for dysplasia/cancer (accuracy 0.95,
95% CI 0.90-0.99). Experts achieved higher accuracy
compared with the non-experienced observers.

Subsequently, we performed a multicentric prospec-
tive study to evaluate this classification in a real-world
setting, including 238 patients and 1,123 biopsies [25]. In
this study, the overall diagnostic accuracy increased from
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Fig. 1. NBI simplified classification for gas-
tric pathology (adapted from Pimentel-
Nunes et al.[24]). A Corpus. B Antrum.

Normal Intestinal metaplasia Dysplasia
Mucosal
pattern Regular

Irregular/absent
Circular Rldgfe or tubulovillous
Light-blue crest
Vascular Regular
pattern (thin/ peripheral vessels in gastric body and thick/central Trregular
vessels in gastric antrum)

83% with high-definition white-light endoscopy to 94%
with NBI, increasing also the sensitivity for IM (53% [95%
CI 47-58%] vs. 87% [95% CI 84-91%]) and for dysplasia
(74% [95% CI 52-90%] vs. 92% [73-99%]), without com-
promising specificity for IM and dysplasia (both >97%).
The results of this study suggest that NBI should be used
for target biopsies instead of performing random biopsies
in order to increase the diagnostic yield of upper gastro-
intestinal endoscopy in the identification of patients with
precancerous conditions, and this is nowadays recom-
mended in European guidelines [26].

Which Is the Best Method to Stage Precancerous

Conditions?

Gastric precancerous conditions are prevalent in the
general population - a meta-analysis found that the prev-
alence of chronic atrophic gastritis and IM was 33.4%
(95% CI 25.9-40.8%) and 25.0% (95% CI 19.5-30.5%),
respectively, in endoscopy-based studies, and that the
prevalence of chronic atrophic gastritis was 23.9% (95%
CI 18.6-29.2%) in serology-based studies [27]. The high
prevalence and the relatively low annual incidence rate
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* A - corpus; B - antrum

make impracticable to endoscopically follow up all the
patients with precancerous conditions, and there is the
need to select those at higher risk of progression. Family
history of gastric cancer and incomplete type metaplasia
(intestinal metaplasia type III or colonic metaplasia) were
associated with an increased risk of progression [28-31].
The extent of precancerous changes has also been found
to be related with progression risk and is probably the
more reliable marker to stratify the risk, although there is
controversy on which is the best method to stage precan-
cerous conditions - histological or endoscopy-based clas-
sifications.

Histological systems such as OLGA and OLGIM (Op-
erative Link on Gastritis Assessment and Operative Link
on Gastric Intestinal Metaplasia assessment, respectively)
were found to correlate with gastric cancer risk. A meta-
analysis found that high-risk OLGA/OLGIM stages
(OLGA/OLGIM III/IV) are associated with a significant-
ly higher gastric cancer risk (OLGA III/IV: odds ratio
[OR] 2.64, 95% CI 1.84-3.79 [case-control studies]; OL-
GIM III/IV: OR 3.99, 95% CI 3.05-5.21 [case-control
studies] and risk ratio 27.70, 95% CI 3.75-204.87 [cohort
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Table 1. Endoscopic Grading of Gastric Intestinal Metaplasia (EGGIM) scale (adapted from Pimentel-Nunes et al.

[25] and Esposito et al. [34])

Antrum Incisura  Corpus
lesser greater lesser greater
curvature curvature curvature curvature
No intestinal metaplasia 0 0 0 0 0
Focal (£30% intestinal metaplasia) 1 1 1 1 1
Diffuse (>30% intestinal metaplasia) 2 2 2 2 2
Intestinal metaplasia score for the area 0-4 0-2 0-4
Total EGGIM score and management 0-10

No IM: 0 points — no surveillance
Low-risk IM: 1-4 points - surveillance only if additional risk factors
High-risk IM: =5 points — endoscopic surveillance

studies]) [32]. However, although accurate, grading the
severity of the lesions is not always possible and not al-
ways reported by pathologists, and it makes sense that an
endoscopic assessment of the entire gastric mucosa can
also select patients for surveillance with similar accuracy
(or even better since it is not subjected to sampling a small
portion of gastric mucosa). Furthermore, the higher in-
terobserver agreement for IM both at histology and at en-
doscopy, along with the higher odds of gastric cancer us-
ing OLGIM (when compared with OLGA), favor that IM
is preferable over atrophy for the stratification of gastric
cancer risk.

In a proof-of-concept study, we found that the sensi-
tivity and specificity of NBI for extensive IM was high
(0.92, 95% CI 0.67-0.99, and 0.96, 95% CI 0.79-0.99, re-
spectively), and >90% of patients were correctly allocated
to surveillance or no surveillance based on the endoscop-
ic evaluation alone [33]. In a post hoc analysis of the mul-
ticentre validation of the simple NBI classification, an en-
doscopic classification of IM (Endoscopic Grading of
Gastric Intestinal Metaplasia - EGGIM; Table 1) that was
subsequently validated in a multicentric study was also
proposed. According to this scale (0-10 points), the stom-
ach is divided into 5 areas (lesser and greater curvature of
the antrum, incisura, lesser and greater curvature of the
body), and to each area 0-2 points are assigned according
to the extension of IM in that area (0 points if no IM; 1
point if focal IM [<30% of the area]; 2 points if diffuse IM
[>30% of the area]). We found that EGGIM correlates
well with the OLGIM classification - the endoscopic as-
sessment alone had a sensitivity of 89% for the detection
of high-risk OLGIM stages (OLGIM III-IV), showing
that the great majority of patients who benefit from sur-
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veillance can be identified without biopsies [34]. This
scale has recently been shown to correlate with early gas-
tric neoplasia risk in a case-control study - EGGIM 5-10
was associated with a significantly increased risk of neo-
plasia in multivariable analysis (adjusted OR 21.1, 95% CI
4.9-90.2) [35].

Together, these studies confirm the usefulness of NBI
to increase the detection of patients who benefit from sur-
veillance and suggest that risk stratification based on en-
doscopic evaluation alone is feasible and is associated
with both OLGIM stages and gastric neoplasia risk, al-
though biopsies are still needed if H. pylori status is of
interest, given the low accuracy of virtual CE for the di-
agnosis of H. pylori infection.

Which Is the First-Line Treatment for Patients with

Early Gastric Lesions?

Early gastric cancer (EGC) is defined as a cancer con-
fined to the mucosa or submucosa, irrespective of region-
al lymph node involvement [36]. Gastrectomy with
lymphadenectomy was the standard treatment for early
gastric lesions until the development of advanced endo-
scopic resection techniques and the perception that surgi-
cal treatment could not be necessary for the majority of
EGCs, that have a low risk of lymph node metastasis
(LNM). Indeed, the rate of LNM in EGC is between 0 and
20% (0-4% in intramucosal carcinomas and 0-20% in
carcinomas with submucosal invasion), and under cer-
tain conditions this risk is minimal or null (Table 2).
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Table 2. Lymph node metastasis according to tumour characteristics

Lesion characteristics

Lymph node
metastasis/total (95% Cl)

Gotoda et al. [39]

pT1a, differentiated, <30 mm, no lymphovascular invasion

pT1a, differentiated, no ulceration, any size, no lymphovascular invasion
pT1b <500 pm, <30 mm, no lymphovascular invasion

pT1a, <20 mm, undifferentiated, no ulceration, no lymphovascular invasion

0/1,230 (0-0.3%)
0/929 (0-0.4%)
0/145 (0-2.5%)
0/141 (0-2.6%)

Hirasawa et al. [41]

0/310 (0-1.2%)

Nakahara et al. [40]

pT1aor pT1b <30 mm, no ulceration, no lymphovascular invasion

0/422 (0-2.6%)

Gastrectomy is a surgical procedure that involves the
resection of the stomach and regional lymph nodes and
achieves high rates of complete resection and long dis-
ease-free survival and overall survival (5-year survival
>90%) [37, 38]. Gastrectomy also eliminates the risk of
metachronous gastric lesions in total gastrectomy and
significantly reduces this risk in subtotal gastrectomy
since more than two thirds of the stomach are generally
removed. On the other hand, the procedure has a signifi-
cant risk of adverse events, and the removal of the stom-
ach leads to impairment of its reservoir and digestive
function, which can result in symptoms, impairment of
nutrient absorption (namely iron and vitamin B;,) and
potentially impact health-related quality of life (HR-
QolL).

As gastrectomy is a major surgical procedure with a
significant risk of adverse events and impact on HR-QoL,
and as it was perceived that lymphadenectomy could not
be needed in the majority of EGC, several studies evalu-
ated risk factors for LNM in EGC in order to define cri-
teria for endoscopic resection. Three landmark studies
evaluated the association of tumor characteristics with
the presence or absence of LNM and found that when
certain histopathological characteristics were met there
was no LNM, which were in the basis of the proposed cur-
ability criteria for endoscopic resection (Table 2) [39-41].

These studies were useful to define indications for en-
doscopic therapy, which is indicated when there is a low
risk of LNM and the lesion is suitable for en bloc resec-
tion.

Endoscopic mucosal resection using a cap-fitted endo-
scope and a snare was first described in 1993 by Inoue et
al. [42] and was used thereafter for the resection of mu-
cosal gastric adenocarcinomas. This technique is effective
and safe, although due to the diameter of the cap, lesions
above 15 mm generally cannot be resected en bloc, limit-
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ing accurate histopathological assessment that is impor-
tant for the decision on the need to undergo further sur-
gical treatment. Moreover, piecemeal and/or incomplete
resections are frequently associated with local recurrence
that should be treated with further endoscopic or surgical
treatment [43].

Endoscopic submucosal dissection (ESD) was devel-
oped to overcome the size limitations of endoscopic mu-
cosal resection, allowing en bloc resection of lesions vir-
tually of any size with the aim of achieving higher com-
plete resection rates, adequate histopathological
assessment and lower recurrence. This technique was
first performed by Gotoda et al. [39] in 1997 using an
insulation-tipped electrosurgical knife (IT-knife) that
was developed by Hosokawa and Yoshida in 1995 [43,
44]. In this technique, the margins of the lesion are as-
sessed with conventional or virtual CE, and then coagula-
tion marks are placed circumferentially around lesion
margins. After that, a solution is injected into the submu-
cosal layer, and access to the submucosa is gained gener-
ally performing 3-4 electrosurgical incisions with a pre-
cut needle knife [45]. These incisions are used to perform
a circumferential incision with a knife and then the sub-
mucosa is dissected in the horizontal plan under direct
vision, allowing the resection of lesions in a single frag-
ment.

The outcomes of endoscopic mucosal resection and
ESD have been compared in several studies, and 3 me-
ta-analyses were published to compare their efficacy
and safety outcomes [46-48]. These studies found that
although ESD had a significantly higher mean opera-
tive time, it was associated with significantly higher
rates of en bloc resection (93-94 vs. 56-67%), com-
plete resection (86-92 vs. 48-52%) and lower recur-
rence (0.2 vs. 5.2%). However, ESD was associated
with a higher perforation risk (3.2 vs. 1.2%), although
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bleeding rates were similar between the two tech-
niques (7.0 vs. 7.2%).

In Europe, the lower incidence of gastric cancer and
the absence of gastric screening programmes results in a
low absolute number of early lesions that are amenable
for endoscopic therapy, which impacted the learning
curve of ESD and its widespread dissemination. ESD was
introduced in our centre (Portuguese Oncology Institute
of Porto [IPO-Porto]) in 2003, and on our first report
promising results with this technique were found [49]. In
2014 we retrospectively evaluated the short and long-
term outcomes of 164 patients submitted to gastric ESD
in IPO-Porto between 2005 and 2014 [50]. We found that
en bloc and complete resection (R0) were achieved in 95.3
and 93.8%, respectively, with a curative resection rate of
84.5%. In the entire cohort, and during a median follow-
up of 40 months, the overall survival was 94.5 and 89.5%
at 1 and 3 years, respectively, and the disease free-surviv-
al was 99.4%, with only 1 patient dying of gastric cancer
(a patient with non-curative resection who refused fur-
ther surgical treatment).

These findings suggest that ESD is effective in the
treatment of early neoplastic lesions including long-term
follow-up, although comparative studies with competing
treatments are needed in order to define which is the first-
line treatment. However, studies comparing endoscopic
and surgical treatment for EGC, namely evaluating the
impact on HR-QoL and patients’ perspectives, were
scarce and all of them retrospective [51, 52], and there
were no prospective studies with pre-post assessment
evaluating the impact of surgical and endoscopic treat-
ment on HR-QoL. Thus, a prospective study was con-
ducted comparing the outcomes of endoscopic and surgi-
cal treatment in patients with early gastric neoplasms, fo-
cusing mainly on safety and patient-reported outcomes
[53].

In this study including 254 patients with early gastric
neoplasms (153 in the ESD arm and 101 in the gastrec-
tomy arm), we found that ESD has a significantly better
safety profile (intraprocedural adverse events 1.3 vs.
10.9%, p < 0.001; severe postprocedural adverse events 7.8
vs.21.8%, p=0.003; surgical re-intervention 0.7 vs. 10.9%,
p < 0.001), being also associated with shorter procedural
duration (mean difference —92 min, p < 0.001) and short-
er in-hospital stay (3 days [IQR 3-4] vs. 11 days [IQR
9-17]).

Regarding patient-reported outcomes, ESD was asso-
ciated with significant advantages on several symptom
scales, role function and global health status at 1 year.
While ESD was not associated with significant deteriora-
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tion in any symptom scale, gastrectomy was associated
with significant worsening of several symptoms com-
pared with baseline that persisted 1 year after treatment
(namely fatigue, pain, appetite loss, diarrhoea, dysphagia,
eating restrictions, taste and body image). Regarding
functional scales, between-group comparisons showed a
significant benefit of ESD in physical, role, emotional and
social functioning at 1 month, physical and role function-
ing at 3-6 months, and role functioning at 1 year. With
respect to worry of recurrence, there were no significant
differences between groups regarding fear of recurrence,
new tumours or death. Regarding global health status (vi-
sual analogue scale, 0-100 points), ESD was associated
with improvement at 1 year (+5.58; p = 0.007), while in
the gastrectomy group there was a decrease in global
health at 1 year (-4.35; p = 0.17), corresponding to a net
benefit of 9.93 points in the mean global health change
favouring ESD (p = 0.006). We also found that the higher
risk of metachronous lesions and recurrence (of which
patients are aware due to the information given before
endoscopic resection) does not seem to significantly in-
fluence emotional and psychological dimensions of HR-

Qol.

Prediction of Adverse Outcomes of Gastric ESD

Even if ESD is safer than gastrectomy and preferred by
patients, the technique is associated with a long learning
curve and a non-negligible risk of adverse events, and it
is important to predict the outcomes of ESD to improve
patient selection and patient information.

Postprocedural bleeding (PPB) is the most common
adverse event after ESD and is associated with prolonged
hospital stay and the need of transfusion, endoscopic in-
tervention, surgery, and ultimately death. Thus, it is im-
portant to evaluate risk factors for PPB to identify pa-
tients who can benefit from additional preventive mea-
sures (e.g., tissue shielding or hemoclip application) or
adaptation in surveillance strategies after the procedure
(namely time of inpatient surveillance) and also better
communication of the information regarding the risk of
this adverse event. The benefit of routinely performing
second-look endoscopy after the procedure even in the
absence of clinical signs of hemorrhage was also a matter
of controversy.

Our systematic review and meta-analysis that includ-
ed 71 studies found that PPB occurs in 5.1% of the cases
and identified risk factors significantly associated with
PPB (Table 3) [54]. Clinical variables associated with
PPB were male gender, heart disease and antithrombotic
therapy, cirrhosis and chronic kidney disease. Tumor-
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Table 3. Significant risk factors for procedural bleeding (adapted
from Libanio et al. [54])

Risk factors OR 95% Cl
Clinical variables
Male sex 1.25 1.03-1.52
Cardiopathy 1.54 1.05-2.25
Antithrombotics 1.63 1.30-2.03
Cirrhosis 1.76 1.14-2.73
Chronic kidney disease 3.38 2.31-4.97
Lesion characteristics
Flat/depressed morphology 1.43 1.12-1.84
Carcinoma (vs. dysplasia) 1.46 1.12-1.91
Ulceration 1.64 1.21-2.21
Localization in the lesser curvature 1.74 1.10-2.73
Tumour size >20 mm 2.70 1.44-5.06
Procedural/pharmacological variables
Procedure duration >60 min 2.05 1.19-3.55
H,RA (vs. PPI) 2.13 1.21-3.74
Resected size >30 mm 2.85 1.40-5.77

H,RA, histamine 2 receptor antagonist; PPl, proton pump
inhibitor.

related characteristics significantly associated with this
outcome were tumor size >20 mm, resected specimen
size >30 mm, localization in the lesser curvature, flat or
depressed morphology, carcinoma histology, ulceration
and expanded criteria. Periprocedural risk factors for
PPB were procedure duration >60 min and the use of
histamine-2 receptor antagonists as acid-suppressive
therapy (instead of proton pump inhibitors). Second-
look endoscopy was not associated with lower PPB
(ORpjeeding 1.34, 95% CI0.85-2.12), and it was found that
more than one half of bleeding episodes occur before sec-
ond-look endoscopy, and even prophylactic hemostasis
on second-look endoscopy is not capable of significantly
reducing PPB. These findings strongly suggest that sec-
ond-look endoscopy should not be routinely performed
and can help to define individualized management - pa-
tients with 0-1 risk factors can be considered for early
discharge, while patients with more risk factors can ben-
efit of a more prolonged inpatient surveillance and may
benefit from additional prophylactic measures (e.g., mu-
cosal closure, selective artery clipping and use of poly-
glycolic acid sheets and fibrin glue) [55]. However, the
benefit of these preventive measures needs to be assessed
in further studies.

Another drawback of ESD is that nearly 20% of the le-
sions resected do not meet curative criteria, and further
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surgical therapy is needed [56]. The selection of patients
for ESD is based on endoscopic evaluation since endo-
scopic ultrasound does not seem to improve selection
and is not routinely recommended in European guide-
lines [56]. It is thus important to evaluate pre-resection
risk factors for non-curative resection, which can im-
prove patient information, patient selection and decision
making.

In our retrospective cohort of 194 lesions submitted to
ESD, male sex, tumor size >20 mm and carcinoma in pre-
resection biopsies were associated with non-curative re-
section, although only the presence of carcinoma in pre-
resection biopsies was identified as an independent pre-
dictor for this outcome (adjusted OR 3.04, 95% CI
1.02-9.06) [50]. This suggests that patients with carcino-
ma already present on pre-resection biopsies have a lower
probability of curative resection, although it is difficult to
value this information in clinical decision making and pa-
tient information. A further study was performed using
Bayesian statistical methods in order to provide readily
human-interpretable evidence [57]. In this study, using
patient and lesion-related variables available at the pre-
resection stage (American Society of Anesthesiologists
Physical status, lesion size, morphology, location and pre-
resection histology), Bayesian models to predict non-cu-
rative resection and PPB were constructed, and their ac-
curacy was evaluated. The models for both outcomes pre-
sented good discriminative power (area under
receiver-operating characteristic ~80% in the derivation
cohort and >74% in cross-validation), and although
Bayesian models’ performance was not statistically signif-
icant from logistic regression models, they provide infor-
mation that is more usable in clinical practice. Risk matri-
ces were constructed to allow utilization in everyday prac-
tice and showed that the probability of curative resection
decreases with lesion size >20 mm, more advanced histol-
ogy in pre-resection biopsies, localization in the middle
third of the stomach and polypoid morphology. We also
performed a systematic review that identified location in
the upper third of the stomach (OR = 1.49 [95% CI 1.24-
1.79]), depressed morphology (OR = 1.49 [95% 1.04-
2.12]) and expanded indication criteria or beyond (OR =
3.56 [2.31-5.48]) as risk factors for non-curative resection
[58].

What Is the Best Management after Gastric ESD?

After endoscopic resection, the specimen is evalu-
ated in order to classify the resection. According to Eu-
ropean and Japanese guidelines, the resection is consid-
ered curative when all the following conditions are ful-
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filled: en bloc resection, tumor size <2 cm,

histologically of differentiated type, pT1a, negative hor-

izontal margin (HMO), negative vertical margin (VMO)
and no lymphovascular infiltration (LV-) [56, 59]. The
resection is also curative when there is minimal risk of

LNM (expanded criteria), i.e., the lesion was resected en

bloc, HM0 and VMO, LV-, and all the following condi-

tions are fulfilled:

(a) tumour size >2 cm, differentiated type, pT1a, without
ulceration;

(b) tumour size <3 cm, differentiated type, pT1la, with
ulceration;

(c) tumour size <2 cm, undifferentiated type, pT1a, with-
out ulceration;

(d) tumor size <3 cm, differentiated type, pT1b sm1 (sub-
mucosal invasion <500 pm from the muscularis mu-
cosa).

After resection, patient management is based on this
histopathological evaluation. In patients meeting cura-
tive criteria, guidelines recommend annual or biannual
endoscopy (and abdominal ultrasonography or comput-
ed tomography in cases of expanded indication). H. py-
lori should also be treated if positive to decrease the risk
of metachronous lesions. On the other hand, if the resec-
tion is considered non-curative (high-risk resection), it
is recommended to pursue a curative oncological resec-
tion with gastrectomy and lymphadenectomy unless the
patient is unfit for surgery or refuses surgical treatment.
If the resection does not meet strict curative criteria and
there is a local recurrence risk (e.g., positive or indeter-
minate horizontal margin with clear vertical margin) but
the risk of LNM/distant metastasis is null or minimal, the
decision should be individualized. In these cases, tight
surveillance, further endoscopic re-resection or surgical
treatment are acceptable options, depending on the find-
ings of the resected ESD specimen and patient prefer-
ences.

In cases of curative resection, endoscopic follow-up is
needed to timely detect metachronous lesions. The
knowledge of the risk of metachronous lesions is impor-
tant to define the follow-up schedule, and identification
of risk factors for metachronous lesions can contribute to
individualized surveillance. In our retrospective cohort
with long-term follow-up, we found that the cumulative
risk of metachronous lesions was 18.4%, and the median
time to detection was 24 months. Older age was identified
as an independent risk factor for metachronous develop-
ment (OR g years 1.68, 95% CI 1.03-2.74). Our findings are
in line with other studies that identified older age as a risk
factor for metachronous lesions [60]. Other factors that
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were associated with metachronous development in oth-
er studies were male sex, persistent H. pylori infection and
intestinal metaplasia in the body. These results suggest
that a tight endoscopic surveillance should be performed,
even many years after resection because as age increases
so does the risk of metachronous lesions.

In cases of non-curative resection, gastrectomy with
lymphadenectomy is the standard treatment, although
in certain conditions surveillance can be an option. It is
important to compare the overall survival between pa-
tients submitted to surgery and patients allocated to
surveillance (due to surgery refusal or frailty), since it is
unclear whether patients with comorbidities and short
life expectancy benefit from surgery in this context. In
our retrospective cohort with long-term follow-up,
overall survival was significantly higher in patients with
curative resection when compared with patients with
non-curative/high-risk resections [50]. However, in pa-
tients with non-curative/high-risk resection, overall
survival was not significantly different between patients
submitted to gastrectomy and patients submitted to fol-
low-up, suggesting that an individualized management
after non-curative resection is acceptable. Indeed, in
case of significant comorbidities, this suggests that not
every patient benefits from pursuing an oncological re-
section.

Our results are in line with a study that found a 5.1%
rate of residual disease in gastrectomy specimens, and
a low rate of LNM or distant metastasis (3.8%) on long-
term follow-up after non-curative resection, and 5-year
disease-specific survival was similar between gastrec-
tomy and follow-up groups (98.8 vs. 96.8%) [61]. An-
other study that included 1,969 patients with non-cura-
tive resection (1,064 submitted to surgery and 905 sur-
veilled) also found a similar 3-year disease-specific
survival (99.4 vs. 98.7%) but a higher difference in
3-year overall survival (96.7 vs. 84.0%), suggesting that
careful follow-up may be acceptable in patients with co-
morbidities and lower survival expectancy with low risk
of LNM [62]. The eCura scoring system was developed
to predict LNM based on tumor characteristics and
help to predict LNM risk and thus individualized deci-
sions. According to this score, 3 points are assigned if
there is lymphatic invasion, and 1 point for each of the
following variables: (a) size >30 mm, (b) positive verti-
cal margin (c) venous invasion, (d) submucosal inva-
sion 2500 um [63]. Patients can be grouped in 3 LNM
risk groups: low (0-1 point; 2.5% LNM risk), interme-
diate (2-4 points; risk 6.7%) and high (5-7 points; risk
22.7%). This classification was validated, and it was
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found that cancer-specific survival at 5 years was sig-
nificantly different between the 3 groups (low-risk
99.6%, intermediate-risk 96.0% and high-risk group
90.1%; p < 0.001).

This suggests that even after non-curative resection
the decision to undergo further surgical treatment should
be individualized taking into account the patient’s perfor-
mance status and comorbidities, as well as pathological
factors such as the presence of lymphovascular invasion
that seems to be the most important prognostic factor for
adverse oncological outcomes.

In summary, virtual CE increases the diagnostic accu-
racy of endoscopic diagnosis, increasing the sensitivity
for intestinal metaplasia, and its use can improve the
identification of patients with gastric precancerous con-
ditions. Endoscopic grading of IM correlates well with the
histological system OLGIM and with the risk of early gas-
tric neoplasia, and can be used to stratify gastric cancer
risk. In patients with early gastric lesions, ESD is the first-
line treatment since it is associated with a better safety
profile and benefits in HR-QoL when compared with sur-
gery. However, the risk of metachronous lesions is high

(15-20%) and endoscopic follow-up is necessary. More-
over, the identification of risk factors for non-curative re-
section and PPB is important to improve patient selection
and patient information.
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