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3. lntroduction

The gastrointestinal (GI) tract is the organ system with the highest cancer burden 

and cancer mortality. GI cancers account for one-fourth of cancer cases, with over 5.2 

million cases of GI cancers diagnosed in 2021, and nearly one-third of cancer-related 

mortality globally (1, 2). From 201 O 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 GI 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 clinicai burden may be significant, ali 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 (EGO) 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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a b s t r a c t 

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.

1. Introduction

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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quently diagnosed in advanced stages, having a five-year survival 

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

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 10 0.0 0 0 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] . 

https://doi.org/10.1016/j.dld.2024.04.035
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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 ≤150 ×109 /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- 

versitário São João (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 Póvoa 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. 

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–IV 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 CHUSJ 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, 

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. 

Fig. 1. Study flowchart.

cACLD, compensated advanced chronic liver disease; EGD, esophagogastroduodenoscopy; HGD, high grade dysplasia; LGD, Low-Grade Dysplasia.
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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 (48.3 %) 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 (%) 148 (30.8 %)

Smoking, n (%)

Active smoker 70 (14.5 %)

Ex-smoker 72 (15 %)

Non-smoker 339 (70.5 %)

Etiology, n (%)

Alcohol 213 (44.3 %)

HCV 59 (12.3 %)

Alcohol and HCV 29 (6 %)

HBV 26 (5.4 %)

Alcohol and HBV 7 (1.5 %)

NAFLD 40 (8.3 %)

Alcohol and NAFLD 39 (8.1 %)

AIH 18 (3.7 %)

PBC 14 (2.9 %)

AIH and PBC 10 (2.1 %)

PSC 1 (0.2 %)

Hemochromatosis 11 (2.3 %)

Wilson disease 2 (0.4 %)

Alfa-1 antitrypsin deficiency 1 (0.2 %)

Cryptogenic 11 (2.3 %)

ALD 288 (59.9 %)

Hepatocellular carcinoma, n (%) 53 (11 %)

Fibrosis staging in liver biopsy (METAVIR), n (%) F4 141 (29.3 %)

Transient elastography liver stiffness measurement, median (IQR), kPa 19.0 (10.2–35.3)

LSM by TE ≤20 kPa, n (%) 192 (39.9 %)

Platelets, median (IQR), /mm3 136,000 (86,000–194,000)

Platelets ≥150,000/mm3 , n (%) 190 (39.5 %)

Number of EGDs, median (IQR) 3 (2–5)

Gastro-esophageal varices on at least one EGD, n (%) 198 (41.2 %)

Time of follow-up after initial EGD, median (IQR), months 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 CHUSJ (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 

≥150 ×109 /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

Frequency of H. pylori infection and gastritis staging among patients with cACLD and healthy individuals.

Total n = 1845 cACLD cohort

n = 481 

Healthy inviduals cohort

n = 1364 

p value

Hp infection, n (%) < 0.001

Yes 734 (44.2 %) 90 (30.2 %) 644 (47.2 %)

No

No data

928 (55.7 %)

183 (9.9 %)

208 (69.8 %)

183 (38.0 %)

720 (52.8 %)

-

Gastric atrophy, n (%)

Antrum

No

Mild

Moderate

Severe

No data

Body

No

Mild

Moderate

Severe

No data

1177 (71.5 %)

304 (18.5 %)

141 (8.5 %)

25 (1.5 %)

198 (10.7 %)

1367 (87.0 %)

97 (6.2 %)

95 (6.0 %)

12 (0.8 %)

274 (14.9 %)

190 (67.1 %)

55 (19.4 %)

24 (8.5 %)

14 (5.0 %)

198 (41.2 %)

164 (79.2 %)

19 (9.2 %)

15 (7.2 %)

9 (4.4 %)

274 (57.0 %)

987 (72.4 %)

249 (18.3 %)

117 (8.6 %)

11 (0.8 %)

-

1203 (76.6 %)

78 (5.0 %)

80 (5.9 %)

3 (0.2 %)

-

< 0.001

< 0.001

OLGA, n (%)

0

I

II

III

IV

No data

1022 (65.0 %)

309 (19.7 %)

193 (12.3 %)

32 (2.0%)

15 (1.0 %)

274 (14.9 %)

127 (61.4 %)

37 (17.9 %)

18 (8.7 %)

13 (6.2 %)

12 (5.8 %)

274 (57.0 %)

895 (65.6 %)

272 (20.0 %)

175 (12.8 %)

19 (1.4 %)

3 (0.2 %)

-

< 0.001

OLGA ≥III, n (%) 

No data

47 (3.0 %)

274 (14.9 %)

25 (12.1 %)

274 (14.9 %)

22 (1.6 %)

-

< 0.001

Intestinal metaplasia,

n (%)

Antrum

No

Mild

Moderate

Severe

No data

Body

No

Mild

Moderate

Severe

No data

1283 (77.9 %)

224 (13.6 %)

102 (6.2 %)

38 (2.3 %)

198 (10.7 %)

1457 (92.8 %)

65 (4.1 %)

32 (2.0 %)

17 (1.1 %)

274 (14.9 %)

183 (64.7 %)

42 (14.8 %)

41 (14.5 %)

17 (6.0 %)

198 (41.2 %)

167 (80.7 %)

16 (7.7 %)

13 (6.3 %)

11 (5.3 %)

274 (57.0 %)

1100 (80.7 %)

182 (13.3 %)

61 (4.5 %)

21 (1.5 %)

1290 (92.7 %)

65 (4.1 %)

32 (2.0 %)

17 (1.1 %)

-

< 0.001

< 0.001

OLGIM, n (%)

0

I

II

III

IV

No data

1185 (75.4 %)

239 (15.2 %)

91 (5.8 %)

38 (2.4 %)

18 (1.2 %)

274 (14.9 %)

123 (59.4 %)

33 (16.0 %)

21 (10.1 %)

19 (9.2 %)

11 (5.3 %)

274 (57.0 %)

1062 (77.9 %)

206 (15.1 %)

70 (5.1 %)

19 (1.4 %)

7 (0.5 %)

-

< 0.001

OLGIM ≥III, n (%) 

No data

56 (3.6 %)

274 (14.9 %)

30 (14.5 %)

274 (57.0 %)

26 (1.9 %)

-

< 0.001

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 %CI = 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 %CI = 1.4–

4.4 %) 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 %CI = 4.0–19.9; 

p < 0.001) and overall gastric neoplasia (OR = 9.8; 95 %CI = 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 %CI = 1.7–6.1; 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 %CI = 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 

5
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Table 4

Frequency and characterization of gastric neoplasia.

Total n = 1845 cACLD cohort

n = 481 

Healthy inviduals cohort

n = 1364 

p value

Gastric neoplasia, n (%) 33 (1.8 %) 19 (4.0 %) 14 (1.0 %) < 0.001

Gastric dysplasia, n (%)

Location

Body

Antrum

Antrum + body+ 

Histological grading

LGD

HGD

8 (0.4 %)

1 (12.5 %)

6 (75.0 %)

1 (12.5 %)

4 (50.0 %)

4 (50.0 %)

5 (1.0 %)

1 (20.0 %)

4 (80.0 %)

-

1 (20.0 %)

4 (80.0 %)

3 (0.2 %)

-

2 (66.7 %)

1 (33.3 %)

3 (100 %)

-

0.019

0.315

0.028

Gastric carcinoma, n (%)

Location

Cardia

Fundus

Body

Incisura

Antrum

Histological subtype – Laurén classification

Intestinal

Diffuse

Mixed

Not defined

Histological subtype – WHO classification

Gastric adenocarcinoma

Tubulo-papillary

Poorly-cohesive

Mixed

Rare histopathological subtypes

Large cell neuroendocrine carcinoma

25 (1.4 %)

2 (8.0 %)

1 (4.0 %)

9 (36.0 %)

4 (16.0 %)

9 (36.0 %)

15 (60.0 %)

4 (16.0 %)

1 (4.0 %)

5 (20.0 %)

15 (60.0 %)

4 (16.0 %)

1 (4.0 %)

4 (16.0 %)

1 (4.0 %)

14 (2.9 %)∗

2 (14.3 %)

-

7 (50.0 %)

2 (14.3 %)

3 (21.4 %)

7 (50.0 %)

1 (7.1 %)

1 (7.1 %)

5 (35.7 %)

7 (50.0 %)

1 (7.1 %)

1 (7.1 %)

4 (28.7 %)

1 (7.1 %)

11 (0.8 %)

-

1 (9.1 %)

2 (18.2 %)

2 (18.2 %)

6 (54.5 %)

8 (72.7 %)

3 (27.3 %)

-

-

8 (72.7 %)

3 (27.3 %)

-

-

-

0.002

0.164

0.078

0.147

+ 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 - pT1bN0R0) 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. 115 ±3 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 

6



R. Morais, J. Moreira, R. Gaspar et al. Digestive and Liver Disease xxx (xxxx) xxx

ARTICLE IN PRESS
JID: YDLD [m5G;May 28, 2024;17:57]

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 

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 

Fig. 2. – Case 1 (a-c). Adenocarcinoma of the EGJ (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 (pT1bR0).

Case 4 (l-p) . Fungating gastric adenocarcinoma (l, 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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[17] Ibriş im D, Cevikbaş U, Akyüz F, et al. Intestinal metaplasia in portal hy- 
pertensive gastropathy: a frequent pathology. Eur J Gastroenterol Hepatol

2008;20(9):874–80 .
[18] Ha TH, Kim BG, Jeong D, et al. Alcoholic liver disease is associated with an

increased risk of gastric cancer. Dig Dis Sci 2017;62(1):273–9 .
[19] Wei XL, Qiu MZ, Jin Y, 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 .
[20] de Franchis R. Revising consensus in portal hypertension: report of the Baveno

V consensus workshop on methodology of diagnosis and therapy in portal hy- 
pertension. J Hepatol 2010;53(4):762–8 .

[21] de Franchis R, Bosch J, Garcia-Tsao G, et al. Baveno VII - Renewing consensus
in portal hypertension. J Hepatol 2022;76(4):959–74 .

[22] 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 .

[23] Bae J, Sinn DH, Kang W, 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 .
[24] Sousa M, Fernandes S, Proença L, et al. The Baveno VI criteria for predict- 

ing esophageal varices: validation in real life practice. Rev Esp Enferm Dig

2017;109(10):704–7 .
[25] Colecchia A, Ravaioli F, Marasco G, 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 .

[26] Intraobserver and interobserver variations in liver biopsy interpretation in pa- 
tients with chronic hepatitis C. The French METAVIR Cooperative Study Group.

Hepatology 1994;20(1):15–20 .

[27] Carneiro F, Grabsch H. WHO classification of tumours editorial board: digestive
system tumours. International Agency for Research on Cancer; 2019. p. 85–95.

1. 5th ed .
[28] Lauren P. The two histological main types of gastric carcinoma: diffuse and

so-called intestinal-type carcinoma. An attempt at a histo-clinical classifica- 
tion. Acta Pathol Microbiol Scand 1965;64:31–49 .

[29] Dixon MF, Genta RM, Yardley JH, et al. 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 .

[30] Rugge M, Fassan M, Pizzi M, et al. Operative link for gastritis assessment
vs operative link on intestinal metaplasia assessment. World J Gastroenterol

2011;17(41):4596–601 .
[31] Capelle LG, de Vries AC, Haringsma J, et al. The staging of gastritis with the

OLGA system by using intestinal metaplasia as an accurate alternative for at- 
rophic gastritis. Gastrointest Endosc 2010;71(7):1150–8 .

[32] Dinis-Ribeiro M, Areia M, de Vries AC, et al. Management of precancerous con- 

ditions and lesions in the stomach (MAPS): guideline from the European Soci- 
ety of Gastrointestinal Endoscopy (ESGE), European Helicobacter Study Group

(EHSG), European Society of Pathology (ESP), and the Sociedade Portuguesa de
Endoscopia Digestiva (SPED). Endoscopy 2012;44(1):74–94 .

[33] Pimentel-Nunes P, Libânio D, Marcos-Pinto R, et al. Management of epithe- 
lial precancerous conditions and lesions in the stomach (MAPS II): european

Society of Gastrointestinal Endoscopy (ESGE), European Helicobacter and Mi- 

crobiota Study Group (EHMSG), European Society of Pathology (ESP), and So- 
ciedade Portuguesa de Endoscopia Digestiva (SPED) guideline update 2019. En- 

doscopy 2019;51(4):365–88 .
[34] Amin MB, Greene FL, Edge SB, et al. The Eighth Edition AJCC Cancer Staging

Manual: continuing to build a bridge from a population-based to a more "per- 
sonalized" approach to cancer staging. CA Cancer J Clin 2017;67(2):93–9 .

[35] Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a

new proposal with evaluation in a cohort of 6336 patients and results of a
survey. Ann Surg 2004;240(2):205–13 .

[36] Gaspar R, Rodrigues S, Silva M, et al. Predictive models of mortality and hos- 
pital readmission of patients with decompensated liver cirrhosis. Dig Liver Dis

2019;51(10):1423–9 .
[37] Baptista D, Fernandes M, Garrido M, et al. Gastric polyps in Familial Adenoma- 

tous Polyposis Portuguese patients: the first Western cohort with Asian fea- 

tures. Pathobiology 2023 .
[38] Kishikawa H, Ojiro K, Nakamura K, et al. Previous Helicobacter pylori in- 

fection-induced atrophic gastritis: a distinct disease entity in an understud- 
ied population without a history of eradication. Helicobacter 2020;25(1):

e12669 .

9



R. Morais, J. Moreira, R. Gaspar et al. Digestive and Liver Disease xxx (xxxx) xxx

ARTICLE IN PRESS
JID: YDLD [m5G;May 28, 2024;17:57]

[39] Kokkola A, Kosunen TU, Puolakkainen P, et al. Spontaneous disappearance of
Helicobacter pylori antibodies in patients with advanced atrophic corpus gas- 

tritis. Apmis 2003;111(6):619–24 .
[40] Nagtegaal ID, Odze RD, Klimstra D, et al. The 2019 WHO classification of tu- 

mours of the digestive system. Histopathology 2020;76(2):182–8 .
[41] Murakami T, Yao T, Mitomi H, et al. Clinicopathologic and immunohistochemi- 

cal characteristics of gastric adenocarcinoma with enteroblastic differentiation:
a study of 29 cases. Gastric Cancer 2016;19(2):498–507 .

[42] Adachi Y, Tsuchihashi J, Shiraishi N, et al. AFP-producing gastric carci- 

noma: multivariate analysis of prognostic factors in 270 patients. Oncology
2003;65(2):95–101 .

[43] Jeng KS, Chang CF, Sheen IS, et al. Upper gastrointestinal cancer and liver cir- 
rhosis. Cancers 2022;14(9) .

[44] Gullo I, Oliveira P, Athelogou M, et al. New insights into the inflamed tu- 
mor immune microenvironment of gastric cancer with lymphoid stroma:

from morphology and digital analysis to gene expression. Gastric Cancer
2019;22(1):77–90 .

[45] Januszewicz W, Turkot MH, Malfertheiner P, et al. A global perspective on gas- 
tric cancer screening: which concepts are feasible, and when? Cancers (Basel)

2023;15(3) .
[46] Repici A, Pagano N, Hassan C, et al. Endoscopic submucosal dissection of gas- 

tric neoplastic lesions in patients with liver cirrhosis: a systematic review. J
Gastrointestin Liver Dis 2012;21(3):303–7 .

[47] Kato M, Nishida T, Hamasaki T, et al. Outcomes of ESD for patients with early

gastric cancer and comorbid liver cirrhosis: a propensity score analysis. Surg
Endosc 2015;29(6):1560–6 .

[48] Choi YK, Ahn JY, Kim DH, 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 .

10



ARTICLE IN PRESS 
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 
Alcohol and NAFLD 
Alcohol and HCV 
HCV 
HBV 
NAFLD 
PBC 
AIH and PBC 
Hemochromatosis 

7 (36.8 %) 
3 (15.7 %) 
1 (5.3 %) 
1 (5.3 %) 
2 (10.5 %) 
2 (10.5 %) 
1 (5.3 %) 
1 (5.3 %) 
1 (5.3 %) 

ALD, n(%) 
Yes 
No 

11 (57.9) 
8 (42.1) 

Gastric dysplasia (n=5) 

Etiology of cACLD, n(%) 
Alcohol 
Alcohol and NAFLD 

2 (40.0 %) 
3 (60.0 %) 

ALD 
Yes 
No 

5 (100.0 %) 
0 (0.0 %) 

Type of treatment 
Endoscopic 
- ESD
- EMR 
Surgery (subtotal gastrectomy)

4 (80 %) 
3 (75 %) 
1 (25 %) 

1 (20 %) 
Gastric carcinoma (n=14) 
Etiology of cACLD, n(%) 
Alcohol 
Alcohol and HCV 
HCV 
HBV 
NAFLD 
PBC 
AIH and PBC 
Hemochromatosis 

5 (35.7 %) 
1 (7.1 %) 
1 (7.1 %) 
2 (14.3 %) 
2 (14.3 %) 
1 (7.1 %) 
1 (7.1 %) 
1 (7.1 %) 

ALD, n(%) 
Yes 
No 

6 (42.9 %) 
8 (57.1 %) 

TNM staging, n(%) 
T 

T1a 
T1b 
T2 
T3 
T4a 
No data 

N 
N0 
N1 
N3a 
No data 

M 
M0 
M1 
No data 

AJCC Stage, n(%) 
IA 
IB 
IIB 
IIIA 
IV 
No data 

4 (28.6 %) 
5 (35.7 %) 
1 (7.1 %) 
0 (0 %) 
3 (21.5 %) 
1 (7.1 %) 

10 (71.5 %) 
2 (14.3 %) 
1 (7.1 %) 
1 (7.1 %) 

12 (85.8 %) 
1 (7.1 %) 
1 (7.1 %) 

8 (57.3 %) 
1 (7.1 %) 
1 (7.1 %) 
2 (14.3 %) 
1 (7.1 %) 
1 (7.1 %) 

Type of treatment, n(%) 
Endoscopic 
- ESD

Resection/ margins (R0) 
Curative resection 
Adverse events 
Re-intervention 
Number of days of hospitalization, median (IQR) 
Tumor recurrence 

Surgical 
- Total gastrectomy
- Subtotal gastrectomy

Resection/ margins (R0) 
Adverse events 
Surgical re-intervention 
Number of days of hospitalization, median (IQR) 
Additional treatment 

- Neoadjuvant chemotherapy
- Adjuvant chemotherapy

Tumor recurrence 
Palliative care 

2 (14.3 %) 
2 (100 %) 
2 (100 %) 
1 (50 %) 
0 (0 %) 
0 (0 %) 
2 
0 (0 %) 

11 (78.6 %) 
8 (72.7 %) 
3 (27.3 %) 
11 (100 %) 
5 (54.5 %) 
2 (18.2 %) 
10 (9-21) 
3 (27.3 %) 
1 (9.1 %) 
2 (18.2 %) 

0 (0 %) 
1 (7.1 %) 

Mortality rate in the follow-up, n(%) 
Cause of death 
Related 
 -Tumor
 -Complication 

Unrelated 

7 (50.0 %) 

3 (42.9 %) 
1 (33.3 %) 
2 (66.7 %) 

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 
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Supplementary Table 2 
Surgery adverse events classified according to the Clavien-Dindo classification. 

Number of events Clavien-Dindo Management 

Local complications 
Wound infection  
Anastomotic dehiscence 
Bleeding 

1 
1 
1 

II 
V 
V 

Antibiotherapy 
Surgery 
Surgery; Blood transfusion  

Systemic complications 
Heart failure decompensation 
Paroxysmal atrial fibrillation 
Acute on chronic kidney disease 
Nosocomial pneumonia 
Hemoptysis  

1 
1 
1 
1 
1 

I 
II 
I 
II 
I 

Conservative 
Rhythm control therapy 
Fluid therapy 
Antibiotherapy 
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 
No 
No data 

90 (30.2 %) 
208 (69.8 %) 
183 (38.0 %) 

53 (29.6 %) 
126 (70.4 %) 
109 (37.8) 

37 (31.1 %) 
82 (68.9 %) 
74 (38.3 %) 

0.785 

No data 
25 (12.1 %) 
274 (14.9 %) 

15 (12.4 %) 
167 (58.0) 

10 (11.6 %) 
107 (55.4 %) 

0.867 

No data 
30 (14.5 %) 
274 (57.0 %) 

20 (16.5 %) 
167 (58.0) 

10 (11.6 %) 
107 (55.4 %) 

0.324 

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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BACKGROUND & AIMS: Conventional endoscopic mucosal resection (C-EMR) is established as the primary treatment
modality for superficial nonampullary duodenal epithelial tumors (SNADETs), 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
setting.

METHODS: 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
or >20 mm.

RESULTS: 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)
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.

Superficial nonampullary duodenal epithelial tu-
mors (SNADETs) are rare, with an estimated

prevalence of 0.3% to 4.6% in patients referred to
esophagogastroduodenoscopy,1 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.2 Pancreaticoduodenectomy is the
primary treatment for duodenal cancer but is associated
with significant morbimortality and is considered too
invasive for SNADETs.3 Therefore, endoscopic resection
(ER) has been established as the main treatment
modality.1

Although cold-snare polypectomy should be per-
formed for small lesions (�5 mm), conventional endo-
scopic mucosal resection (C-EMR) usually is
recommended for lesions >5 mm.1 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).3 In particular,
although perforation is relatively rare (z1%), post-
procedural bleeding (PPB) occurs in up to 12%.3–5 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.1 Endoscopic submucosal dissection achieves
higher rates of R0 resections but is associated with an
increased risk of AEs (mostly perforation), even when
performed in specialized centers.1,3 Recently, poten-
tially effective alternatives to C-EMR have emerged,
particularly underwater endoscopic mucosal resection
(U-EMR) and cold-snare endoscopic mucosal resection
(EMR).1,3

As reported by Binmoeller et al6 in 2013, duodenal 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.3 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.8 Nonetheless, most
studies focused on Asian populations and described only
U-EMR outcomes for SNADETs �20 mm.8–14 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
SNADETs in a Western setting.
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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 Universitário
de São João, Porto, Portugal; reference 239/2023). The
study followed Strengthening the Reporting of Observa-
tional Studies in Epidemiology guidelines.15

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.

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).16 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

What You Need to Know

Background
Superficial nonampullary duodenal epithelial tumors
(SNADETs) 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).
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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 naïve. 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 naïve.
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 CIs, 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 SNADETs
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 ¼ 280; 96.6%; 96.6% U-EMR vs 96.5% C-EMR;
P ¼ .962) were naïve and similar between groups
regarding size, location, and morphology. The median
lesion size was 20 mm (IQR, 13–30 mm) and 42.4%
(n ¼ 123) of lesions were >20 mm (39.3% U-EMR vs
43.8% C-EMR; P ¼ .521).

Histopathologic Results

Most of the lesions showed low-grade dysplasia
(n ¼ 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 ¼ .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 ¼ .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 ¼ .179).
Complete or partial defect closure was performed in
70% (76.4% U-EMR vs 67.2% C-EMR; P ¼ .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 ¼ .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 ¼ .112). A total of 6 immediate perforations (2.1%)
were reported (n ¼ 5, 2.5% C-EMR; n ¼ 1, 1.1% U-EMR;
P ¼ .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% CI,
0.31–0.64).

The frequency of overall delayed AEs was higher in
the C-EMR group (13.9% vs 4.5%; P ¼ .024), including
a significantly higher rate of PPB (10.9% vs 2.2%;
P ¼ .011), although without significant differences
regarding the rate of delayed perforations (3.0% C-EMR
vs 1.1% U-EMR; P ¼ .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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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

causal mediation effects, -0.01; proportion of mediated
effects, -2%; P ¼ .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 R0 with vascular invasion).

Figure 1. Study flowchart.
EGD, esophagogas-
troduodenoscopy; ER, endo-
scopic resection; SNADET,
superficial nonampullary
duodenal epithelial tumor.
*Underwater-conventional-
endoscopic mucosal resec-
tion n ¼ 4; Underwater-cold
snare-endoscopic mucosal
resection n¼ 2; Underwater-
conventional-cold snare-
endoscopic mucosal resec-
tion: n ¼ 1.
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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 ¼ .742;
biopsy specimens from the resection site: U-EMR 19.4%
vs C-EMR 20.5%; P ¼ .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 ¼ .169). In 6 patients (2.5%) (n ¼ 2,
C-EMR 1.2%; n ¼ 4, U-EMR 5.6%; P¼ .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 ¼ .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 ¼ .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

Table 1. Baseline Patient and Lesion Characteristics

Total (n ¼ 290)

Underwater endoscopic
mucosal resection

(n ¼ 89)

Conventional endoscopic
mucosal resection

(n ¼ 201) P value

Patient characteristics
Sex, n (%) .297

Female 113 (39.0) 39 (43.8) 74 (36.8)
Male 177 (61.0) 50 (56.2) 127 (63.2)

Age, median (IQR), y 68 (55–73) 70 (60–74) 67 (53–73) .025
Antiplatelet drug, n (%) 44 (15.2) 15 (16.9) 29 (14.4) .598
Anticoagulant drug, n (%) 29 (10.0) 9 (10.1) 20 (10.0) .966
Hereditary gastrointestinal

cancer syndrome, n (%)
<.001

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),
minimum–maximum, mm

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

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)
DII (proximal to the papilla) 134 (46.2) 41 (46.1) 93 (46.2)
DII (distal to the papilla) 102 (35.2) 37 (41.6) 65 (32.3)
DIII 6 (2.0) 1 (1.1) 5 (2.5)

Laterally spreading tumor
classification, n (%)a

.617

Granular 77 (44.3) 21 (40.4) 56 (45.9)
Non-granular 97 (55.7) 31 (59.6) 66 (54.1)
Paris classification, n (%)b .318

Is 50 (22.0) 13 (18.6) 37 (23.5)
IIa 135 (59.5) 38 (54.2) 97 (61.8)
IIb 4 (1.8) 3 (4.3) 1 (0.6)
IIaþIIb 6 (2.6) 3 (4.3) 3 (1.9)
IIaþIIc 22 (9.7) 9 (12.9) 13 (8.3)
IIaþIs 6 (2.6) 3 (4.3) 3 (1.9)
IsþIIaþIIc 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.
DII, second part of the duodenum; DIII, third part of the duodenum; FAP, familial adenomatous polyposis; IQR, interquartile range.
aMissing data for 116 patients (40.0%).
bMissing data for 63 patients (21.7%).
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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 ¼ .177), but TMA was performed
more frequently in the C-EMR group (56.8% vs 37.1%
U-EMR; P ¼ .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

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% CI,
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

Table 3. Procedure-Related Adverse Events

Total (n ¼ 290)
Underwater endoscopic

mucosal resection (n ¼ 89)
Conventional endoscopic

mucosal resection (n ¼ 201) P value

Overall adverse events, n (%) 61 (21.0) 10 (11.2) 51 (25.4) .007

Periprocedural adverse events, n (%) 34 (11.7) 6 (6.7) 28 (13.9) .112
Intraprocedural bleeding 30 (10.3) 6 (6.7) 24 (11.9) .214
Perforation 6 (2.1) 1 (1.1) 5 (2.5) .452
Anesthesia complicationsa 0 (0) 0 (0) 0 (0) –

Delayed adverse events, n (%) 32 (11.0) 4 (4.5) 28 (13.9) .024
Postprocedural bleeding 24 (8.3) 2 (2.2) 22 (10.9) .011
Perforation 7 (2.4) 1 (1.1) 6 (3.0) .341
Postpolypectomy coagulation syndrome 3 (1.0) 0 (0) 3 (1.5) .247
Strictureb 2 (0.7) 1 (1.1) 1 (0.5) .552

Admission to ward, n (%) .331
No 241 (83.1) 70 (78.7) 171 (85.1)
Programmed 42 (14.5) 17 (19.1) 25 (12.4)
Urgent 7 (2.4) 2 (2.2) 5 (2.5)

NOTE. Bold entire relate to a P value that are statistical significant (<.05).
aIncludes aspiration pneumonia.
bMild (resistance to successful passage of the gastroscope), n ¼ 2.

Table 2. Procedure-Related Data and Technical Success

Total (n ¼ 290)
Underwater endoscopic

mucosal resection (n ¼ 89)
Conventional endoscopic

mucosal resection (n ¼ 201) P value

Removal, n (%) .432
En bloc 110 (37.9) 37 (41.6) 73 (36.3)
Piecemeal 180 (62.1) 52 (58.4) 128 (63.7)

Thermal margin ablation, n (%) 99 (34.1) 25 (28.1) 74 (36.8) .179
Snare tip soft coagulation 87 (30.0) 24 (27.0) 63 (31.3)
Argon plasma coagulation 12 (4.1) 1 (1.1) 11 (5.5)

Technical success, n (%) 277 (95.5) 87 (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) 66 (97.0) 132 (97.8)
Band þ clips 3 (1.5) 1 (1.5) 2 (1.5)
Over-the-scope clip 2 (1.0) 1 (1.5) 1 (0.7)
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end of the follow-up evaluation, 3 patients (1 from the U-
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.

Discussion

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.7,8,17 However, Lv et al8

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%).7,17 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.18 Therefore, an Austra-
lian study proposed TMA after C-EMR and showed a
significant reduction in the recurrence rate with similar
AEs.19 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.20 Our study only

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)a 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

adenoma
3.66 (2.49–5.37) <.001

Lesions �20 mm
Adverse events

Overall adverse events 10.03 (5.92–16.98) <.001
Intraprocedural bleedingb – –

Defect closure 0.28 (0.17–0.45) <.001
Delayed complicationsb – –

Postprocedural bleedingb – –

Residual/recurrent adenoma
Overall residual/recurrent

adenoma
16.59 (4.85–56.78) <.001

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 bleedingb – –

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.
aThe 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.

Table 4. Clinical Outcomes in the Follow-Up Evaluation

Total (n ¼ 238)
Underwater endoscopic

mucosal resection (n ¼ 72)
Conventional endoscopic

mucosal resection (n ¼ 166) P value

Residual/recurrent adenoma in SE1, n (%) 35 (14.7) 7 (9.7) 28 (16.9) .169

Residual/recurrent adenoma in the
follow-up evaluation, n (%)

6 (2.5) 4 (5.6) 2 (1.2) .070

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

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

8 Morais et al Clinical Gastroenterology and Hepatology Vol. -, Iss. -



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.7,8 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.21 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%),7 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.22 A meta-
analysis including 438 patients reported that patients
who had undergone defect closure were 86% less likely
to develop PPB.23 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.8–14 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.6

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

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 SNADETs.

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.1,2

Sedation In patients without significant comorbidities (ASA I–II) and no complex lesions, the procedure was
performed under deep sedation with propofol, without endotracheal intubation.
In patients with significant comorbidities (ASA III–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
technique at the endoscopist’s discretion.

Submucosal injection was saline,
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 ¼ 9

Procedure-related adverse eventsa

Overall adverse events 4 (44.4)
Periprocedural adverse events, n (%) 1 (11.1)

Intraprocedural bleeding 0 (0)
Perforation 1 (11.1)
Anesthesia complicationsb 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)
pT1a 2 (22.2)
pT1b 2 (22.2)

Staging, N, n (%)
N0 0 (0)

Staging, M, n (%)
M0 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)

R0 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)
Yesc 2 (22.2)

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 ¼ .080) but were associated significantly with a higher incidence
of postprocedural bleeding (33.3% vs 7.5%; P ¼ .006).
bIncludes aspiration pneumonia.
cOne 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.

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)a 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 bleedingb – –

Defect closure 0.04 (0.02–0.10) <.001
Delayed complicationsb – –

Postprocedural bleedingb – –

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 complicationsb – –

Postprocedural bleedingb – –

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.
aThe 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 ¼ 123) U-EMR (n ¼ 35) C-EMR (n ¼ 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 (%) 63 (51.2) 13 (37.1) 50 (56.8) .049
Technical success, n (%) 113 (91.9) 34 (97.1) 79 (89.8) .177
Defect closure, n (%)a 88 (71.5) 25 (71.4) 63 (71.6) .986

Adverse events
Overall AEs, n (%) 40 (32.5) 8 (22.9) 32 (36.4) .201
Periprocedural AEs, n (%) 22 (17.9) 5 (14.3) 17 (19.3) .609

Intraprocedural bleeding 19 (15.4) 5 (14.3) 14 (15.9) .822
Perforation 3 (2.4) 0 (0) 3 (3.4) .269

Delayed AEs, n (%) 23 (18.7) 3 (8.6) 20 (22.7) .078
Postprocedural bleeding 17 (13.8) 1 (2.9) 16 (18.2) .026
Perforation 5 (4.1) 1 (2.9) 4 (4.5) .669
PPCS 3 (2.4) 0 (0) 3 (3.4) .269
Stricture 1 (0.8) 1 (2.9) 0 (0) .111

Residual/recurrent adenoma

Total (n ¼ 100) U-EMR (n ¼ 29) C-EMR (n ¼ 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.
aTotal or partial.

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

Total (n ¼ 41) U-EMR (n ¼ 11) C-EMR (n ¼ 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) 1 (3.3)
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 (%)a .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.
aMore 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% CI 0.870 to 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.1 In the last 

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).2 3 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 
better health- related quality of life.3–8

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.
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The selection of patients for ESD is based on the size, 
morphology, presence of ulceration and histology of the lesion.2 3 
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.3 9 10

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.11–14

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.15 This score was validated in 
Asia and it showed significantly higher recurrence and LNM 
rates in the high- risk category.16 17 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 

Table 1 Demographic, ESD and histopathological analysis- related 
data in the cohort (n=314)

Demographics

Gender, n (%)

  Female 113 (36.0%)

  Male 201 (64.0%)

Age, median (IQR), minimum–maximum, years 72 (65–79), 42–93

Lesion characteristics

Location, n (%)

  Antrum 91 (29.0%)

  Incisura 89 (28.4%)

  Body 110 (35.1%)

  Fundus 3 (1.0%)

  Cardia 20 (6.4%)

Surgical anastomosis 1 (0.3%)

Morphology n (%)

  Polypoid 53 (16.9%)

 Non- polypoid, non- depressed 89 (28.3%)

  Depressed 172 (54.8%)

Lesion size, median (IQR), mm 26 (19–35)

Previous resection attempt, n (%) 3 (1.0%)

ESD procedure

Duration, median (IQR), minutes 90 (60–150)

Complementary techniques, n (%) 49 (15.6%)

  Hybrid ESD 31 (9.9%)

 Traction clip- line 16 (5.1%)

 Pocket creation method 2 (0.6%)

En bloc resection, n (%)

  Yes 241 (76.8%)

  Piecemeal 73 (23.2%)

Histopathological analysis

Resection- risk classification, n (%)

 Local- risk resection 89 (28.3%)

 High risk resection 225 (71.7%)

Histology, n (%)

 Low- grade dysplasia 16 (5.1%)

 High- grade dysplasia 38 (12.1%)

  Adenocarcinoma 260 (82.8%)

Resection, n (%)

  R0 134 (42.7%)

  R1 125 (39.8%)

  Rx 55 (17.5%)

Horizontal margins, n (%)*

  HM0 169 (70.1%)

  HM1 67 (27.8%)

  HMx 5 (2.1%)

Histopathological analysis in adenocarcinoma cases†

Vertical margins, n (%)

  VM0 203 (78.1%)

  VM1 44 (16.9%)

  VMx 13 (5.0%)

Adenocarcinoma staging, n (%)

  pT1a 83 (26.4%)

  pT1b(SM1/>SM1) 177 (56.4%)(39 
(22.0%)/138 (78.0%))

Exact extension of SM invasion, median (IQR), mm 1.0 (0.7–2.0)

 Missing data, n (%) 50/177 (28.2%); >SM1 
35/138 (25.4%)

Lesion size with SM invasion, median (IQR), mm 6.5 (2.0–12.0)

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).
†n=260 cases.
ESD, endoscopic submucosal dissection.

Table 1 Continued
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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.3 
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. R0 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 VMx 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).18 
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 (>2 cm) undifferentiated carcinomas or lesions with deep 
(>SM1) SM invasion.3

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 30 mm, 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).15

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.

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)

  pT1a 32 (36.0)

 pT1b SM1 3 (3.3)

Piecemeal resection 37 (41.6)

Horizontal margins (among en- bloc resections)

  HM1 48 (53.9)

  HMx 4 (4.5)

n=225* High- risk resection, n (%)

Lesion histology

Adenocarcinoma

  pT1a 51 (22.7)

 pT1b SM1 36 (16.0)

  pT1b>SM1 138 (61.3)

Size>3 cm

 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>2 cm 48 (21.3)

*There are patients with more than one criteria.
HGD, high- grade dysplasia; LGD, low- grade dysplasia.
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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 χ2 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 

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 

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 

Figure 1 Flowchart of study design. ESD, endoscopic submucosal dissection; LNM, lymph node metastasis.
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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 

Table 3 Risk of LNM among HRR operated patients (n=156)

LNM

Yes No Unadjusted OR (95%CI), P

Demographics

Gender, n (%)

 Female 12 (52.2%) 41 (30.8%) Ref.

 Male 11 (47.8%) 92 (69.2%) 0.409 (0.167 to 1.002), 0.050

Age, median 
(IQR), years

70 (68–77) 68 (61–74) 1.069 (1.006 to 1.136), 0.030

Lesion characteristics

Morphology, n (%)

 Polypoid 6 (26.1%) 15 (11.3%) Ref.

 Non- polypoid, 
non- depressed

4 (17.4%) 37 (27.8%) 0.270 (0.067 to 1.096), 0.067

 Depressed 13 (56.5%) 81 (60.9%) 0.401 (0.132 to 1.221), 0.108

  Lesion size, 
median (IQR), 
mm

22 (16–30) 25 (20–35) 0.965 (0.924 to 1.007), 0.101

ESD procedure

Complementary techniques, n (%)

 Yes 4 (17.4%) 12 (9.0%) 2.123 (0.620 to 7.267), 0.231

  No 19 (82.6%) 121 (91.0%) Ref.

En bloc resection, n (%)

 Yes 21 (91.3%) 109 (82.0%) Ref.

 Piecemeal 2 (8.7%) 24 (18.0%) 0.433 (0.095 to 1.970), 0.279

Histopathological analysis

Horizontal margins, n (%)*

 HM1 1 (4.8%) 7 (6.4%) 0.729 (0.085 to 6.251), 0.773

  HM0 20 (95.2%) 102 (93.6%) Ref.

Vertical margins, n (%)

 VM1 7 (30.4%) 32 (24.1%) 1.381 (0.522 to 3.654), 0.516

  VM0 16 (69.6%) 101 (75.9%) Ref.

Carcinoma staging, n (%)

 pT1a 4 (17.4%) 30 (22.6%) Ref.

  pT1b 19 (82.6%) 103 (77.4%) 1.383 (0.437 to 4.380), 0.581

SM invasion depth, n (%)

 SM1 1 (5.3%) 21 (20.4%) Ref.

 >SM1 18 (94.7%) 82 (79.6%) 4.610 (0.582 to 36.529), 0.148

  Extension of 
SM invasion, 
median (IQR), 
mm

2.5 (2–3) 1 (0.7–1.8) 3.007 (1.500 to 6.027), 0.002

SM invasion depth≥1 mm

 Present 11 (91.7%) 42 (51.2%) 10.476 (1.293 to 84.904), 0.028

 Absent 1 (8.3%) 40 (48.8%) Ref.

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

9 (6–14) 7 (3–12) 1.026 (0.905 to 1.164), 0.683

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%) 8.306 (3.172 to 21.747), <0.001

  Absent 10 (43.5%) 115 (86.5%) Ref.

Perineural invasion, n (%)

 Present 1 (4.3%) 6 (4.5%) 0.962 (0.110 to 8.383), 0.972

 Absent 22 (95.7%) 127 (95.5%) Ref.

Ulceration, n (%)

 Present 5 (21.7%) 38 (28.6%) 0.553 (0.212 to 1.440), 0.500

 Absent 18 (78.3%) 95 (71.4%) Ref.

Continued

LNM

Yes No Unadjusted OR (95%CI), 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 to 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).
†Since 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.

Table 3 Continued
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Table 4 Risk factors for parietal residual lesion in the ESD site among HRR patients (n=225)

Parietal residual lesion

Unadjusted OR (95% CI), P Covariate adjusted OR (95% CI), PYes No

Demographics

Gender, n (%)

 Female 19 (43.2%) 59 (32.6%) Ref.

 Male 25 (56.8%) 122 (67.4%) 0.409 (0.167 to 1.247), 0.188

Age, median (IQR), years 70 (63–75) 72 (65–79) 0.971 (0.939 to 1.003), 0.073 0.943 (0.895 to 0.994), 0.029

Lesion characteristics

Morphology, n (%)

 Polypoid 5 (11.4%) 35 (19.3%) Ref.

 Non- polypoid, non- depressed 9 (20.5%) 43 (23.8%) 1.465 (0.450 to 4.772), 0.526

 Depressed 30 (68.2%) 103 (56.9%) 2.039 (0.734 to 5.662), 0.172

 Lesion size, median (IQR), mm 27 (20–30) 26 (20–38) 0.984 (0.959 to 1.010), 0.220

ESD procedure

Complementary techniques, n (%)

 Yes 5 (11.4%) 20 (11.0%) 1.032 (0.365 to 2.921), 0.953

 No 39 (88.6%) 161 (89.0%) Ref.

En bloc resection, n (%)

 Yes 31 (70.5% 158 (87.3%) Ref. Ref.

 Piecemeal 13 (29.5%) 23 (12.7%) 2.881 (1.319 to 6.294), 0.008 2.620 (0.860 to 7.984), 0.090

Histopathological analysis

Horizontal margins, n (%)*

 HM1 4 (12.9%) 16 (10.1%) 1.315 (0.408 to 4.238), 0.647

 HM0 27 (87.1%) 142 (89.9%) Ref.

Vertical margins, n (%)

 VM1 20 (45.5%) 36 (19.9%) 3.356 (1.672 to 6.737), <0.001 5.323 (1.968 to 14.398), <0.001

 VM0 25 (54.5%) 145 (80.1%) Ref. Ref.

Adenocarcinoma staging, n (%)

 pT1a 8 (18.2%) 43 (23.8%) Ref.

 pT1b 36 (81.8%) 138 (76.2%) 1.402 (0.606 to 3.245), 0.430

SM invasion depth, n (%)

 SM1 7 (19.4%) 29 (21.0%) Ref.

 >SM1 29 (80.6%) 109 (79.0%) 1.102 (0.439 to 2.770), 0.836

Exact extension of SM invasion, median (IQR), mm 2 (0.8–2.2) 1 (0.7–1.6) 1.518 (0.980 to 2.350), 0.061

Lesion size with SM invasion, median (IQR), mm 7 (3–11) 7 (2–12) 1.039 (0.952 to 1.134), 0.392

Lymphatic invasion, n (%)

 Present 23 (52.3%) 68 (37.6%) 1.820 (0.937 to 3.534), 0.077 3.407 (1.203 to 9.651), 0.021

 Absent 21 (47.7%) 113 (62.4%) Ref. Ref.

Venous invasion, n (%)

 Present 11 (25.0%) 28 (15.5%) 1.821 (0.825 to 4.023), 0.138

 Absent 33 (75.0%) 153 (84.5%) Ref.

Perineural invasion, n (%)

 Present 5 (11.4%) 4 (2.2%) 5.673 (1.456 to 22.097), 0.012

 Absent 39 (88.6%) 177 (97.8%) Ref.

Ulceration, n (%)

 Present 14 (31.8%) 45 (25.0%) 1.400 (0.682 to 2.872), 0.359

 Absent 30 (68.2%) 135 (75.0%) Ref.

Differentiation, n (%)

 Poor 16 (36.4%) 60 (33.1%) 1.152 (0.579 to 2.292), 0.686

 Well/moderate 28 (63.6%) 121 (66.9%) Ref.

Signet ring cells, n (%)

 Present 10 (22.7%) 40 (22.1%) 1.037 (0.472 to 2.279), 0.928

 Absent 34 (77.3%) 141 (77.9%) Ref.

Papillary component, n (%)

 Present 8 (18.2%) 27 (15.0%) 1.259 (0.528 (3.001), 0.603

 Absent 36 (81.8%) 153 (85.0%) Ref.

Mucinous carcinoma, n (%)

Continued
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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 
pT1a adenocarcinoma and 1 high- grade dysplasia (HGD)), with 
3 showing residual lesion in the wall (2 pT1a 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 (T0N0) 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 

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 

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 

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 

Parietal residual lesion

Unadjusted OR (95% CI), P Covariate adjusted OR (95% CI), PYes No

 Present 2 (4.5%) 7 (3.9%) 1.177 (0.236 to 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.

Table 4 Continued
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Table 5 Risk of residual disease (parietal residual lesion and/or LNM) among HRR operated patients (n=156)

Residual disease

Unadjusted OR (95% CI), P Covariate adjusted OR (95% CI), PYes No

Demographics

Gender, n (%)

 Female 22 (44.0%) 31 (29.2%) Ref.

 Male 28 (56.0%) 75 (70.8%) 0.526 (0.262 to 1.057), 0.071

Age (IQR), years 70 (64–75) 68 (62–74) 1.017 (0.977 to 1.058), 0.410

Lesion characteristics

Morphology, n (%)

 Polypoid 9 (18.0%) 12 (11.3%) Ref.

 Non- polypoid, non- depressed 11 (22.0%) 30 (28.3%) 0.489 (0.162 to 1.478), 0.205

 Depressed 30 (60.0%) 64 (60.4%) 0.625 (0.238 to 1.644), 0.341

Lesion size (IQR), mm 25 (20–30) 25 (18–35) 0.983 (0.957 to 1.010), 0.217

ESD procedure

Complementary techniques, n (%)

 Yes 7 (14.0%) 9 (8.5%) 1.755 (0.613 to 5.019), 0.294

 No 43 (86.0%) 97 (91.5%) Ref.

En bloc resection, n (%)

 Yes 36 (72.0%) 94 (88.7%) Ref. Ref.

 Piecemeal 14 (28.0%) 12 (11.3%) 3.046 (1.287 to 7.209), 0.011 5.286 (1.329 to 21.025), 0.018

Histopathological analysis

Horizontal margins, n (%)*

 HM1 3 (8.3%) 5 (5.3%) 1.618 (0.366 to 7.152), 0.526

 HM0 33 (91.7%) 89 (94.7%) Ref.

Vertical margins, n (%)

 VM1 19 (38.0%) 20 (18.9%) 2.635 (1.245 to 5.581), 0.011

 VM0 31 (62.0%) 86 (81.1%) Ref.

Adenocarcinoma staging, n (%)

 pT1a 9 (18.0%) 25 (23.6%) Ref.

 pT1b 41 (82.0%) 81 (76.4%) 1.406 (0.601 to 3.288), 0.432

SM invasion depth, n (%)

 SM1 5 (12.2%) 17 (21.0%) Ref.

 >SM1 36 (87.8%) 64 (79.0%) 1.912 (0.651 to 5.618), 0.238

Exact extension of SM invasion (IQR), mm 2 (0.9–2.3) 1 (0.7–1.6) 1.675 (1.037 to 2.708), 0.035 1.970 (1.158 to 3.351), 0.012

SM invasion depth ≥1 mm, n (%)

 Present 20 (64.5%) 33 (52.4%) 1.653 (0.681 to 4.011), 0.267

 Absent 11 (35.5%) 30 (47.6%) Ref.

Lesion size with SM invasion (IQR), mm 7 (4–12) 8 (3–13) 1.026 (0.938 to 1.123), 0.572

Lymphatic invasion, n (%)

 Present 32 (64.0%) 32 (30.2%) 4.111 (2.019 to 8.370), <0.001 5.070 (1.781 to 14.427), 0.002

 Absent 18 (36.0%) 74 (69.8%) Ref. Ref.

Venous invasion, n (%)

 Present 15 (30.0%) 16 (15.1%) 2.411 (1.077 to 5.394), 0.032

 Absent 35 (70.0%) 90 (84.9%) Ref.

Perineural invasion, n (%)

 Present 4 (8.0%) 3 (2.8%) 2.986 (0.642 to 13.881), 0.163

 Absent 46 (92.0%) 103 (97.2%) Ref.

Ulceration, n (%)

 Present 14 (28.0%) 29 (27.4%) 1.033 (0.487 to 2.187), 0.933

 Absent 36 (72.0%) 77 (72.6%) Ref.

Differentiation, n (%)

 Poor 17 (34.0%) 36 (34.0%) 1.002 (0.493 to 2.037), 0.996

 Well/moderate 33 (66.0%) 70 (66.0%) Ref.

Signet ring cells, n (%)

 Present 12 (24.0%) 26 (24.5%) 0.972 (0.443 to 2.131), 0.943

 Absent 38 (76.0%) 80 (75.5%) Ref.

Papillary component, n (%)

Continued
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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 (T0N0), and 1 (previous ESD with VM1 
resection), had focal residual adenocarcinoma (T1N0) 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,10 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 (T0N0). 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%.3 19 20 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.15 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.21–23 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-

-
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.24–28

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% 

Residual disease

Unadjusted OR (95% CI), P Covariate adjusted OR (95% CI), PYes No

 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.

Table 5 Continued

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

(n=59)

W- eCura

(n=63)

eCura

(n=65)

W- eCura

(n=64)

eCura

(n=32)

W- eCura

(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 74±5 73±5 63±7 61±8 0.080 0.050

LNM, lymph node metastasis.
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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.3 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.29 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 

higher rate of LNM for expanded criteria resections outside 
Japan,30 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 

(with a sensitivity of 92%, although with a specificity of 51%). 
In fact, among operated patients, only one patient with SM inva-
sion depth <1 mm 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.31 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.3 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 

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 1 mm.

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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to 1 mm. 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.32

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,33 34 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).15 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.16 35 
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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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

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 Universitário
São João (CHUSJ) between 1992 and 2022. Exclusion criteria were
cases in which specimens from the stomach were not available.
Ethical approval was obtained from the CHUSJ 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 FGPwere also assessed
according to the criteria proposed by Fukuda et al. [18] and studied
by Kővári 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 I.G.).

Statistical Analysis
Statistical analysis was performed using SPSS software (version

27.0, IBM, New York, NY, USA). Categorical variables were
compared using χ2 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-

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 intGAwith 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.

a b

c

d

e

Fig. 2. Polyps and gastrectomy specimens
from FAP patients, showing fundic gland
polyp (FGP) without dysplasia (a ×40
amplification) and FGP with dysplasia
(b ×100 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).
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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

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

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 (a), n = 23
(43.4%)

(b), n = 5
(9.4%)

(c), n = 10
(18.9%)

(d), n = 15
(28.3%)

Total, n = 53
(100%)

p value

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) 0.911
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
body

2 (28.6) NA 1 (100) 2 (18.2) 5 (9.4)

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
equal to 3

NA 1 (20) 2 (22.2) 6 (40) 9 (17)

Location of polyps, n (%) Proximal
stomach

NA 5 (100) 9 (100) 5 (33.3)* 19 (35.8) 0.024

Distal stomach NA 0 0 10 (66.7)* 10 (18.9)

Maximum gastric polyp size, mm,
median (range)

– NA 4 (0.5–8) 7 (4–9) 8 (2–25) 6.8 (0.5–.25) 0.032

*Significant p value after Bonferroni post hoc correction. Statistically significant values are highlighted in bold.
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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).

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

Table 2. Histological features of fundic gland polyps (FGP) in our cohort evaluated according to Kővári
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 (3.4)
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)
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(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.

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 Kővári
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.

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 (a), n = 23
(43.4%)

(b), n = 5
(9.4%)

(c), n = 10
(18.9%)

(d), n = 15
(28.3%)

Total,
n = 53
(100%)

p value

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)a 5 (50) 13 (86.7)*,b 20 (37.7)

Number of duodenal
polyps, n (%)

Less than 3 2 (100) 1 (100) 1 (20) 5 (38.5) 9 (17) 0.106
More than or equal
to 3

0 0 4 (80) 8 (61.5) 12 (22.6)

aHigh-grade dysplasia. bOne with high-grade dysplasia. *Significant p value after Bonferroni post hoc correction. Statistically
significant values are highlighted in bold.
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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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LETTERS TO THE EDITOR
Readers are encouraged to write letters to the editor concerning articles that have been published in Clinical Gastroenterology
and Hepatology. Short, general comments are also considered, but use of the Letters to the Editor section for publication of
original data in preliminary form is not encouraged. Letters should be typewritten and submitted electronically to http://www.
editorialmanager.com/cgh.

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 al1

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),2-5 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).6 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.7 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.8

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
RODRIGO LIBERAL

GUILHERME MACEDO
Gastroenterology Department

Centro Hospitalar Universitário São João
Porto, Portugal, and

Faculty of Medicine of the University of Porto (FMUP)
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eCura and W- eCura: different 
scores, different populations, 
same goal

We read with great interest the letter by 
Hatta et al1 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 1 mm, which 
showed a small, although statistically 
significant, higher accuracy, while main-
taining a very high sensitivity.2 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 analysis3 that could 
contribute to the significant differences 
observed in the discriminative ability of 
the scores in the two studies.

The initial eCura study4 was the first 
step in this long road that ultimately aims 
to avoid unnecessary surgeries, while 
maintaining a comparable survival rate.5 
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,6 but 
also postprocedural, to predict the rate 
of LNM, some of them using artificial 
intelligence systems.7–9

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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