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Abstract
Introduction: Gastrointestinal neuroendocrine tumors (GI-
NETs) are being more frequently diagnosed and treated by 
endoscopic resection (ER) techniques. However, comparison 
studies of the different ER techniques or long-term out-
comes are rarely reported. Methods: This was a single-center 
retrospective study analyzing short and long-term outcomes 
after ER of gastric, duodenum, and rectal GI-NETs. Compari-
son between standard EMR (sEMR), EMR with a cap (EMRc), 
and endoscopic submucosal dissection (ESD) was made. Re-
sults: Fifty-three patients with GI-NET (25 gastric, 15 duode-
nal, and 13 rectal; sEMR = 21; EMRc = 19; ESD = 13) were in-
cluded in the analysis. Median tumor size was 11 mm (range 
4–20), significantly larger in the ESD and EMRc groups com-
pared to the sEMR group (p < 0.05). Complete ER was possi-
ble in all cases with 68% histological complete resection (no 
difference between the groups). Complication rate was sig-
nificantly higher in the EMRc group (EMRc 32%, ESD 8%, and 
EMRs 0%, p = 0.01). Local recurrence occurred in only one 

patient, and systemic recurrence in 6%, with size ≥ 12 mm 
being a risk factor for systemic recurrence (p = 0.05). Specific 
disease-free survival after ER was 98%. Conclusion: ER is a 
safe and highly effective treatment particularly for less than 
12 mm luminal GI-NETs. EMRc is associated with a high com-
plication rate and should be avoided. sEMR is an easy and 
safe technique that is associated with long-term curability, 
and it is probably the best therapeutic option for most lumi-
nal GI-NETs. ESD appears to be the best option for lesions 
that cannot be resected en bloc with sEMR. Multicenter, pro-
spective randomized trials should confirm these results.

© 2022 The Author(s). 
Published by S. Karger AG, Basel
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Resumo
Introdução: Os tumores neuroendócrinos gastrointesti-
nais (GI-NET) são frequentemente diagnosticados e trata-
dos por técnicas de resseção endoscópica (ER). Contudo, 
estudos comparativos das diferentes técnicas de ER ou 
resultados a longo prazo são raramente descritos. Méto-
dos: Estudo unicêntrico retrospectivo que analisa resulta-
dos a curto e longo prazo após ER de NETs gástricos, duo-
denais e retais. Realizou-se uma análise comparativa en-
tre as técnicas de mucosectomia convencional (sEMR), 
mucosectomia com cap (EMRc) e disseção endoscópica 
da submucosa (ESD) Resultados: Foram incluídos 53 
doentes com GI-NET (25 gástricos, 15 duodenais e 13 rec-
tais; sEMR=21; EMRc=19; ESD=13). A mediana do taman-
ho da lesão foi 11 mm (âmbito 4-20), sendo significativa-
mente maiores nos grupos ESD e EMRc quando compara-
do com sEMR (p < 0.05). A ER completa foi possível em 
todos os casos com taxa de resseção histológica completa 
de 68% (sem diferença entre os grupos). A taxa de com-
plicações foi significativamente superior no grupo EMRc 
(EMRc 32%, ESD 8% e EMRs 0%, p = 0.01). Recorrência local 
apenas ocorreu em 1 doente e recorrência sistémica em 
6%, com o tamanho da lesão > 12mm a ser um factor de 
risco para recorrência sistémica (p = 0.05). Sobrevida es-
pecífica de doença após ER de 98%. Conclusão: ER é se-
gura e altamente eficaz para o tratamento de GI-NETs 
principalmente com tamanho inferior a 12 mm. EMRc está 
associada a uma taxa de complicações elevada e deve ser 
evitada. sEMR é uma técnica segura e eficaz que se associa 
a curabilidade a longo prazo, sendo provavelmente a mel-
hor opção terapêutica para a maioria dos GI-NETs lumi-
nais. ESD parece ser a melhor opção para as lesões que 
não podem ser removidas em bloco pela técnica de sEMR. 
Estudos randomizados, prospectivos e multicêntricos de-
vem confirmar estes resultados.

© 2022 The Author(s). 
Published by S. Karger AG, Basel

Introduction

Neuroendocrine tumors (NET) are relatively uncom-
mon gastrointestinal (GI) tract neoplasias, with a global 
annual age-adjusted incidence rate of 2/100,000 people 
per year [1]. However, the widespread use of endoscopy 
has led to increased detection of luminal GI, often at ini-
tial stages of disease. Not surprisingly, the majority of 
these initial stage GI-NETs are from the stomach, duode-
num, and rectum, the most accessible areas to endoscop-
ic exploration [2].

GI-NETs are classified as NET G1, NET G2 (both con-
sidered well-differentiated), and neuroendocrine carci-
noma (NEC) G3 (poorly differentiated) based on the mi-
totic count and Ki-67 index [3]. Even though tumor grade 
is one of the most important prognostic factors (that is 
only correctly defined after resection), the size of the tu-
mor is also an independent prognostic factor, increasing 
the risk of lymph node metastasis [4]. For this reason, 
most guidelines only recommend endoscopic resection 
(ER) as a treatment for small GI-NET, usually with less 
than 10–15 mm depending on the location, with every 
GI-NET larger than 2 cm being considered for surgery [4, 
5].

Several studies and meta-analyses confirm the safety 
and effectiveness of ER for small GI-NETs. However, 
these studies include a small number of patients, and 
rarely long-term outcomes are reported [6–9]. Moreover, 
to our knowledge, no single study compared short- or 
long-term outcomes of the standard inject-and-cut endo-
scopic mucosal resection (sEMR) with more complex 
techniques such as EMR with a cap (EMRc) or endoscop-
ic submucosal dissection (ESD).

In this retrospective study, we analyze long-term out-
comes after ER of GI-NETs in the stomach, duodenum, 
and rectum. Moreover, we compare the short and long-
term outcomes of the different ER methods.

Materials and Methods

Patients and Lesions
A retrospective observational study was performed. Pathologi-

cal database of the Portuguese Oncology Institute of Porto was 
searched for GI-NETs diagnosed between 2010 and 2020. After 
evaluation of the pathological report, patients with non-GI NET, 
pancreatic, small bowel (with the exception of duodenum), appen-
dix, or colonic (with the exception of rectum) NET were excluded 
from the analysis. The clinical records of all the other patients were 
analyzed. At this stage, additional exclusion criteria were non-en-
doscopic initial treatment (surgery or somatostatin analogs), GI-
NET only present in biopsies, endoscopic diagnosis/treatment 
only with cold or hot-snare resection (without submucosal injec-
tion), endoscopic treatment at other hospital, or less than 12-month 
follow-up. At the end, only patients with GI-NET from stomach, 
duodenum, or rectum treated in our institute by sEMR, EMRc, or 
ESD with at least 1 year of follow-up were included in the analysis. 
In Figure 1, we can see the flowchart for patient enrolment.

ER Procedures
Standard EMR (EMRs) was defined as the conventional tech-

nique of tumor resection with hot snare technique after submuco-
sal injection with normal saline and diluted adrenaline (1:10,000 
to 1:50,000 dilution) (Fig. 2). EMRc was performed with a trans-
parent cap (Olympus, reusable oblique cap) at the tip of conven-
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tional upper GI endoscope and a crescent-type snare (EMR snare, 
Olympus). Hot-snare resection was done after submucosal injec-
tion with normal saline and diluted adrenaline (1:10,000 to 1:50,000 
dilution) and suction of the lesion into the cap. ESD was performed 
as previously described (Fig. 3). Briefly, small coagulation marks 
were made around the lesion and then submucosal injection was 
performed with saline, diluted epinephrine (1:50-100,000), and 
methylene blue. After elevation, 3–4 incisions were made with a 
needle knife (Olympus®) to get access to the submucosal layer, and 
an insulated-tip knife (mainly IT-KnifeTM; Olympus®) was used to 
perform circumferential dissection using the Endo Cut mode 

(Olympus electrosurgical unit, 80/60 W). Complete dissection was 
then performed in the Endo Cut or swift coagulation mode, with 
additional submucosal injection whenever necessary. The proce-
dures were performed mainly under general anesthesia (with 
orotracheal intubation); deep sedation was restricted to a minority 
of procedures.

Definitions and Follow-Up
En bloc ER was defined as ER in one single fragment versus 

piecemeal resection defined as two or more fragments ER. Com-
plete ER was defined as no evidence of macroscopic disease after 

41 were excluded:
   38 appendix NETs
   3 colon NETs

354 patients were assessed for eligibility

313 patients were analysed

53 patients were submitted to statistical analysis:
13 rectal NET
25 gastric NET

15 duodenal NET 

135 were excluded:
   32 NETs submitted to surgery
   103 GI-NET only present in biopsies

119 were excluded:
    85 endoscopic treatment at other hospital
    34 endoscopic treatment with cold or hot-snare
resection (without submucosal injection)
    6 follow-up at another hospital 

178 patients submitted to endoscopic
treatment 

Fig. 1. Patient selection flowchart. NET, 
neuroendocrine tumor; GI-NET, gastroin-
testinal neuroendocrine tumor.

Fig. 2. Endoscopic mucosal resection of a 
12-mm subepithelial lesion of the duodenal 
bulb.
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ER, independent of the type of ER (en bloc or piecemeal). Adverse 
events were defined as immediate (during procedure) or delayed 
complications (not apparent during the procedure). Bleeding as a 
complication was defined as intraprocedural bleeding requiring 
non-planned hemostasis (immediate bleeding) or as melena or he-
matochezia after the procedure (delayed bleeding), independently 
if additional interventions were required or not. Perforation was 
defined as a bowel wall penetration identified during the proce-
dure (immediate perforation) or as symptoms compatible with 
perforation with imagiological (CT) confirmation of that (delayed 
perforation). Endoscopic size was defined as the estimated macro-
scopic size attributed by the gastroenterologist in the endoscopy 
report.

All the histological findings were evaluated by two pathologists, 
with at least one of them being experienced in GI-NET evaluation, 
with each specimen being graded according to the WHO classifica-
tion [3]. Histological complete resection was defined as margins 
free of tumor, both lateral and vertical margins. Histological max-
imum size of the lesion was considered as the maximum diameter 
from one side to the other.

All patients were followed-up with periodic endoscopy (at least 
one per year), serum chromogranin A (at least one per year) and 

imagiological methods, generally PET-CT with somatostatin re-
ceptors markers (as needed). Local recurrence was defined as his-
tologically confirmed diseased at the site of ER, and systemic re-
currence as histologically confirmed ganglion, liver and/or anoth-
er organ NET metastasis.

Statistical Analyses
Data were expressed as mean + standard deviation or as me-

dian and interquartile range (according to the dispersion) for con-
tinuous variables and as frequencies and/or proportions for cate-
gorical variables. Differences in outcomes were compared using 
independent t tests for numerical variables and χ2 tests for categor-
ical variables (p values were considered significant if they were 
<0.05). Multivariable logistic regression model was constructed to 
identify risk factors for systemic recurrence (including age, sex and 
variables with p < 0.20 at univariable analysis). All statistical anal-
yses were performed using the Statistical Package for the Social 
Sciences (SPSS) software (version 27.0; IBM Corp., Armonk, NY, 
USA).

Fig. 3. Endoscopic submucosal dissection 
of a 12-mm gastric lesion.

Table 1. Patient characteristics

Gastric lesions 
(n = 25)

Duodenal lesions 
(n = 15)

Rectal lesions 
(n = 13)

p Total 
(n = 53)

Male, n (%) 12 (48) 9 (60) 5 (38) ns 26 (49)
Age, median (range), years 60 (38-77) 58 (42-75) 55 (47-66) ns 59 (38-77)
Tumor size, median (range), mm 12 (5-22) 10 (4-18) 9 (4-15) 0.1 11 (4-20)

WHO TNE type (after ER)
Grade 1
Grade 2
Grade 3

12 (48)
13 (52)
0

12 (80)
3 (20)
0

11 (85)
2 (15)
0

0.03
35 (66)
18 (34)
0

Gastric TNE
Type 1
Type 2
Type 3

21 (84)
0
4 (16)

– – – 21 (84)
0
4 (16)

ER procedure
EMRs
EMRc
ESD

5 (20)
11 (44)
9 (36)

5 (33)
7 (47)
3 (20)

11 (84)
1 (7)
1 (7)

0.005
21 (40)
19 (36)
13 (24)
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Results

Patient and Lesion Baseline Characteristics
A total of 53 patients were included in the analysis (Ta-

ble 1). The median age was 58 years old and 49% were 
male, with no differences between the groups. The me-
dian size of the lesions was 11 mm (4 minimum, 20 max-
imum) with a non-significant trend for larger lesions in 
the stomach group. Only NETs grade 1 on biopsies were 
considered for ER (with a histological upgrade in the re-
section specimen to grade 2 lesions in 34% of the lesions). 
Twenty per cent of gastric NETs were type 3 and both this 
feature and size translated into more advanced lesions in 

the stomach group (52% grade 2 lesions vs. 20% and 15% 
in the duodenum and rectum, respectively, p = 0.003). 
Endoscopic ultrasound (EUS) was performed in 51% of 
the patients, generally for lesions bigger than 10 mm.

Clinical Outcomes
The clinical outcomes of the different ER methods are 

summarized in Table  2. In general, EMRs was used for 
smaller lesions. There were no differences between the tech-
niques regarding complete endoscopic and histological re-
section, with only one lesion being resected in piecemeal in 
the EMRc group. Even though complete ER was always 
achieved, histological complete resection rate was only of 

Table 2. Clinical outcomes of the different ER procedures

EMRs (n = 21) EMRc (n = 19) ESD (n = 13) p Total (n = 53)

Endoscopic tumor size, mm 8.7 (3.9) 11.1 (3.7) 12.3 (3.2) 0.06 (EMRs vs. EMRc)
0.008 (EMRs vs. ESD)
0.3 (EMRc vs. ESD)

10.5 (3.9)

ER specimen, mm 9.7 (4.8) 15.2 (3.4) 21.9 (8.3) <0.001 (all comparisons) 14.6 (6.7)

Complete ER
En bloc
Piecemeal

21 (100)
21 (100)
0 (0)

19 (100)
18 (95)
1 (5)

13 (100)
13 (100)
0 (0)

0.4 53 (100)
52 (98)
1 (2)

Histological complete resection*
Vertical margins +
Horizontal margins +

15 (71)
4 (19)
4 (19)

12 (63)
7 (37)
1 (5)

9 (69)
4 (31)
1 (8)

0.15
0.4
0.3

36 (68)
15 (28)
6 (11)

Procedure time, min 7.8 (3) 21 (16) 57 (21.3) <0.001 (all comparisons) 24.7 (24.1)

Complications
Bleeding
Perforation
Surgery (because of)

0 (0)
0 (0)
0 (0)
0 (0)

6 (32)
3 (16)
3 (16)
0 (0)

1 (8)
0 (0)
1 (8)
1 (8)

0.01
0.03
0.04
0.4

7 (13)
3 (6)
4 (8)
1 (2)

TNE location
Gastric
Duodenum
Rectal

5 (24)
5 (24)
11 (52)

11 (58)
7 (37)
1 (5)

9 (69)
3 (23)
1 (7)

0.003
25 (47)
15 (28)
13 (25)

Data presented as N (%) or as mean (SEM). * Histological complete resection implies both V and H margins negative – the number of 
V+ plus H+ might be higher than uncomplete histological resection since some specimens may be both V+ and H+.

Table 3. Distant recurrence cases

Location 
(and type if gastric)

Endoscopic/
histological size, mm

NET 
grade

Vertical 
margin

Lymphovascular 
invasion

Case 1 Gastric type 1 12/25 G2 V1 LV1
Case 2 Gastric type 3 20/30 G1 V0 LV0
Case 3 Duodenum 12/20 G2 V0 LV0
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Table 4. Risk factors for distant recurrence

No recurrence 
(n = 50)

Recurrence 
(n = 3)

p Multivariate

Age, mean (SD) 55.3 (12.9) 55.3 (12.8) 0.60
Endoscopic size, median (range), mm 10.0 (4 – 20) 12 (12-20) 0.05
Procedural time, min (mean, SD) 23.4 (24.1) 46.7 (15.3) 0.11 0.662
Maximum histological size, median (range), mm 14.5 (4.0-25.0) 25 (20-30) 0.004

Sex
Male
Female

24 (92.3%)
26 (96.3%)

2 (7.7%)
1 (3.7%)

0.61*

Technique
EMR-std
EMR-cap
ESD

21 (100%)
18 (94.7%)
11 (84.6%)

0 (0%)
1 (5.3%)
2 (15.4%)

0.17# 0.852

Maximum histological size
<20 mm
≥20 mm

39 (100%)
11 (78.6%)

0 (0%)
3 (21.4%)

0.004 0.997

Location
Stomach
Duodenum
Rectum

23 (92%)
14 (93.3%)
13 (100%)

2 (8%)
1 (6.7%)
0 (0%)

0.56#

NET type (gastric)
Type I
Type III

19 (95%)
3 (75%)

1 (5%)
1 (25%)

0.31*

Ulcer
No
Yes

40 (95.2%)
10 (90.9%)

2 (4.8%)
1 (9.1%)

0.51*

En bloc
No
Yes

1 (100%)
49 (94.2%)

0 (0%)
3 (5.9%)

0.80

Grade
G1
G2

34 (97.1%)
16 (88.9%)

1 (2.9%)
2 (11.8%)

0.26* 0.386

Invasion depth
Mucosa
Submucosa
Muscularis propria

4 (100%)
43 (93.5%)
3 (100%)

0 (0%)
3 (6.5%)
0 (0%)

0.785#

Horizontal margin
HM0
HM1
HMx

44 (93.6%)
3 (100%)
3 (100%)

3 (6.4%)
0
0

0.816#

Vertical margins
VM0
VM1
VMx

36 (94.7%)
13 (92.9%)
1 (100%)

2 (5.3%)
1 (7.1%)
0 (0%)

0.938#

Lymphovascular invasion
LV0
LV1

40 (95.2%)
10 (90.9%)

2 (4.8%)
1 (9.1%)

0.51* 0.826

R
R0
R1
Rx

34 (94.4%)
13 (92.9%)
3 (100%)

2 (5.6%)
1 (7.1%)
0

0.89# 0.775

SD, standard deviation; EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissection; std, standard/lift-and-
cut; NET, neuroendocrine tumor. * Fisher’s exact test. # χ2 test.
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68% (no differences between the groups). ESD was signifi-
cantly longer than EMRc and EMRc significantly longer 
than EMRs (57, 21, and 8 min, respectively, p < 0.001). The 
complication rate was significantly higher in the EMRc 
group (2 duodenal and 1 gastric perforation) when com-
pared to the other two groups (EMRc 32%, ESD 8% and 
EMRs 0%, p = 0.01). However, surgery because of compli-
cation was only needed in one patient, after duodenal ESD.

Follow-Up
The mean follow-up was 44.6 months (range 12-102 

months, no differences between the ER groups), and in 
this period there was only one local recurrence (2%), 
which was treated by another ER. There were 6 new le-
sions identified and treated by ER, all type 1 lesions in the 
stomach. Systemic recurrence occurred in 3 patients (1 
only nodal and 2 liver and nodal disease, one of this with 
carcinoid syndrome), one case of type 1 gastric, other case 
type 3 gastric, and one duodenal NET. The mean time 
between diagnosis and systemic recurrence was 9 months 
(range 6-12 months). Only the duodenal NET patient 
with systemic recurrence died because of NET (after sur-
gical treatment). Three additional patients died during 
follow-up due to NET-unrelated causes (specific disease-
free survival 98%, global survival 92%).

Risk Factors for Recurrence
There was only one local recurrence, a 4-mm recur-

rence 3 years after R1 resection of type 1 gastric TNE that 
was treated effectively by hot snare technique. There was 
no statistically significant risk factor for local recurrence. 
Only one out of 17 (6%) R1 resections locally recurred.

Distant recurrence occurred in 3 patients (Table  3). 
The only identified risk factors for distant recurrence 
(Table 4) were the ones related to the size of lesion. Me-
dian endoscopic size of the lesions that recurred was 12 
mm (p = 0.05) with all the recurrent lesions having a max-
imum histological size larger or equal to 20 mm (p = 
0.004). Histological maximum size was the strongest risk 
factor for distant recurrence (p = 0.004).

For metachronous lesions, the only risk factor was type 
1 gastric NET (p < 0.001).

Discussion

GI-NETs are being more frequently diagnosed and 
treated by ER methods. Even though several studies show 
the effectiveness and safety of different ER methods for 
the treatment of GI NETs, long-term outcomes are rarely 

described. To our knowledge this is the first study that 
focuses on long-term outcomes after several ER methods 
for the treatment of luminal GI NETs. Our results con-
firm that ER should be a first-line therapy for small GI 
NETs providing curability in most cases.

There are some limitations to our study. First, we have 
a relatively small sample size of 53 patients. Secondly, by 
including all the organs we should be careful to interpret 
and generalize our results. Thirdly, even though similar, 
follow-up was not standardized between patients and so 
recurrence data should be interpreted with caution. 
Fourthly, band-EMR was not applied in any case, and so 
no conclusion can be made about this technique. Finally, 
the retrospective nature of the study should limit our con-
clusions regarding comparison of the several ER methods 
since selection bias is highly likely. Nevertheless, our 
study has several strengths. To our knowledge, it is the 
first study to focus on long-term outcomes after ER of lu-
minal GI-NETs. We show that, independently of the or-
gan, ER is a safe and highly effective therapy for small 
luminal GI-NETs. Moreover, we provide comparative 
data of 3 different ER methods that were rarely addressed 
in the literature. Our results show that EMRc should be 
avoided for the treatment of GI-NET since the risk of 
complications appears too high to justify this technique. 
Even though most complications can be handled endo-
scopically, they prolong hospitalization of our patients 
with greater costs, and if safer techniques are available, 
they should be preferred. Our results also demonstrate 
that, independently of the technique and margins, if ER 
is complete, local and distant recurrence is highly unlike-
ly and does not seem to affect the global prognosis of these 
patients.

In a per-organ analysis for gastric NET, there are 
only few comparative studies of ER methods, all of them 
with a limited number of cases. Kim et al. [10] com-
pared EMR and ESD in type I g-NETs and showed a 
higher complete resection and higher complication rate 
for ESD (both non-significant). Based on this, they con-
cluded that ESD might be a better option for the treat-
ment of gastric NET. However, no clinical advantage 
was seen in this study. In fact, other studies found no 
tumor recurrence after ER (EMR and ESD) during the 
follow-up of gastric NET G1/G2, even in patients with 
positive margins [11, 12]. This is in accordance with our 
results that showed that the importance of positive 
margins after complete ER regarding clinical and long-
term outcomes is probably minimal since there was 
only one local recurrence after R1 resection (6% risk), 
and a small easily to treat recurrence. Regarding type 3 
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(sporadic) gastric NETs most guidelines still consider 
surgery as the best approach [3, 4]. However, Kwon et 
al. [13] suggested that ER can be safely performed in 
type 3 gastric NETs if <20 mm, G1 grading, confined to 
SM, and without lymphovascular invasion. In accor-
dance, we were able to treat efficaciously 3 out of 4 type 
3 gastric NET, with the only type 3 tumor that recurred 
systemically being a >15-mm tumor (the other 3 were 
10- to 13-mm lesions). Even though these results should 
be interpreted cautiously, these 2 studies suggest that at 
least for <15-mm type 3 lesions, ER (particularly by 
ESD) may be a safe option.

For duodenal NETs, there are only some series, and 
they all include a small number of patients and a short 
long-term follow-up. Even though complete resection 
rates are high for both EMR and ESD, ESD perforation 
rates in the duodenum appear exceedingly high (>20%) 
[14–16]. In fact, our ESD duodenal perforation rate in our 
study was 1 in 3 (33%), and we now favor EMR-based 
techniques for duodenal NET ER.

For ER of rectal NET, the number of studies is consid-
erable with evidence gathered in some meta-analyses 
(even though substantiated mostly on single-center stud-
ies with small groups of patients) [7, 8]. Based on signifi-
cantly higher complete pathological rates both with mod-
ified EMR techniques and ESD compared to sEMR, with 
a similar safety profile, the authors concluded that modi-
fied EMR techniques and ESD should be preferred over 
sEMR. Despite this conclusion, long-term clinical out-
comes were not different between the groups, with local 
recurrences being exceedingly rare (0.89%) even after in-
complete pathological resection [7]. In fact, in our study 
most rectal NETs were treated by sEMR, and despite only 
70% complete pathological resection rate, all patients were 
cured with no long-time local or systemic recurrence.

Taking all together, regarding short-term outcomes, 
all ER methods were highly efficacious in treating small 
luminal GI-NETs. Even though we did not find higher 
complete pathological rates, EMRc and ESD were select-
ed for bigger and depressed lesions, particularly ESD, as 
they are associated with a significantly bigger specimen 
size. EMRc was associated with a significantly higher 
complication rate and, in our opinion, should be avoided 
in the treatment of luminal GI-NET. So, for most gastric, 
duodenal, and rectal lesions <10–12 mm in size, sEMR 
probably should be favored over ESD if lesion character-
istics suggest that en bloc complete ER is feasible. If the 
lesion size is >12 mm or if the lesion shows depressed 
morphology, then ESD, even though more cumbersome, 
should be preferred over sEMR at least in the stomach 

and rectum, since in the duodenum the high perforation 
rates make it prohibitive.

Regarding long-term outcomes, our study suggests 
high curative rates after successful ER of small luminal 
GI-NETs. Local or systemic recurrences are an excep-
tion even after R1 resections. Thus, in our opinion, pos-
itive margins after a complete ER should not guide fur-
ther treatments or significantly influence further man-
agement. However, lesion size >12 mm significantly 
increases the risk of systemic recurrence. So, in these 
cases, before considering ER, multidisciplinary evalua-
tion is advised. Nevertheless, even for these lesions, ER 
should be an option, particularly if the location of the 
tumor may imply a more aggressive surgery and/or 
when the patient is not fit for surgery. Furthermore, 
since maximum histological size is the strongest risk 
factor for recurrence, if after ER maximum histological 
size is at least 20 mm, consideration should be given to 
additional treatments in a multidisciplinary discussion. 
If ER is decided for these lesions, frequent (annual/bi-
annual or as clinical needed) imagiological (e.g., PET-
CT) follow-up is advised since the risk of systemic re-
currence is high. Regarding endoscopic surveillance, 
our results suggest that besides type 1 gastric NETs, 
there is no need for a strict endoscopic follow-up, since 
local recurrence or new lesions are exceedingly rare. We 
recommend endoscopy 1 year after ER and, if there is 
no evidence of local recurrence, there is probably no 
need for further endoscopic surveillance (if positive 
margins are present, endoscopy 3–5 years after resec-
tion might be considered).

In conclusion, ER is a safe and highly effective treat-
ment particularly for <12-mm luminal GI-NETs and 
when the maximum histological size post-ER is <20 mm. 
sEMR is an easy and safe technique that is associated with 
long-term curability, even if there are positive margins, 
and it is probably the best therapeutic option for most lu-
minal GI-NETs. ESD appears to be the best option for le-
sions that cannot be removed en bloc with sEMR. Multi-
center, prospective randomized trials evaluating long-
term outcomes should confirm these results before strict 
recommendations can be made.
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