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Abstract

Gastric, duodenal and rectal neuroendocrine tumours (NETs) are increasingly

detected due to advances in endoscopic imaging. While international guidelines pro-

vide criteria for endoscopic management, several aspects remain controversial due to

limited high-quality evidence. This position paper, developed by an expert panel, aims

to clarify these unresolved issues and provide consensus-based recommendations.

The primary objective of this position paper is to critically analyse and address key

controversies in the endoscopic management of gastro-duodenal-rectal NETs. These

include the optimal selection of endoscopic resection techniques, the significance of

R1 resections, pathological assessment and surveillance strategies. Special attention

is given to site-specific challenges, including the role of Ki-67 in type 1 gastric NETs,

the management of multiple gastric lesions, the feasibility of endoscopic resection for

type 3 gastric NETs and the limitations of advanced endoscopic techniques in the

duodenum. This position paper was developed using an Expert Panel Consensus

methodology. Topics were identified during the 2024 ENETS Advisory Board meet-

ing and addressed through a structured literature review. Evidence was critically

appraised, and expert discussions were conducted to identify key points. By review-

ing controversial aspects of endoscopic management, this position paper will provide

practical guidance to optimise decision-making and improve outcomes for patients

with gastro-duodenal-rectal NETs. Multidisciplinary evaluation remains crucial to tai-

loring treatment strategies based on tumour characteristics, patient factors and pro-

cedural risks.
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1 | INTRODUCTION

Gastric, duodenal and rectal neuroendocrine neoplasms (NENs) have

markedly increased in incidence and prevalence over the last

decades.1 Like all digestive NENs, they are classified into well-

differentiated (neuroendocrine tumours – NETs) and poorly differenti-

ated (neuroendocrine carcinomas – NECs). The well-differentiated

category is further divided based on their Ki-67 labelling index or

mitotic count into G1 (Ki-67 <3% or mitoses <2/HPF), G2 (Ki-67 3%–

20% or mitoses 2-20/HPF) and G3 (Ki-67 >20% or mitoses >20/

HPF).2 Gastric NETs are also classified clinically, depending on concur-

rent gastric pathology and elevated gastrin levels.3 Thus, we identify

type 1 gastric NETs, associated with chronic atrophic gastritis (CAG)

of the gastric body and a vitamin B12 deficiency; type 2, associated

with Zollinger-Ellison syndrome in the context of Multiple Endocrine

Neoplasia type 1 (MEN1); and sporadic type 3, when there is no asso-

ciated pathology and normal blood gastrin. According to the ENETS

recommendations,4,5 most gastric, duodenal and rectal NETs (gNETs,

dNETs, rNETs) are managed through an endoscopic therapeutic

approach, provided certain conditions are met (Table 1). However,

even within the context of these recommendations, some aspects

remain unclear and disputed, since the supporting literature is either

sparse or of low scientific quality. For this reason, this position paper

aims to thoroughly address and discuss those aspects considered con-

troversial in the endoscopic management of gastro-

duodenal-rectal NETs.

2 | MATERIALS AND METHODS

This position paper was developed through expert panel consensus,

leveraging the collective expertise of leading specialists to address

controversial aspects of gastro-duodenal-rectal NETs. Key issues were

identified during the ENETS Advisory Board meeting in

November 2024.

After topic selection, a non-systematic review was conducted via

PubMed using the following search strategy ((‘Gastrointestinal Neuroen-
docrine Tumors’OR ‘Rectal Neuroendocrine Tumors’OR ‘Gastric Neuro-
endocrine Tumors’ OR ‘Duodenal Neuroendocrine Tumors’ OR

‘gastroenteropancreatic (GEP)-NEN’). AND (‘Endoscopy’ OR

‘Endoscopic Resection’ OR ‘Endoscopic Submucosal Dissection’ OR

‘EMR’ OR ‘ESD’)). Topics were assigned to subgroups of 2–3 panellists,

based on their specific expertise. Each subgroup identified key controver-

sies, evaluated the best evidence and proposed recommendations. Drafts

were then discussed in virtual meetings and revised collectively. Although

not a systematic review, the resulting consensus offers practical guidance

for the endoscopicmanagement of gastro-duodenal-rectal NETs, highlight-

ing both current best practices and areas requiring further research.

3 | RESULTS

3.1 | Endoscopic techniques: practical choices for
non-experts

Selecting an appropriate endoscopic resection technique for gNETs,

dNETs and rNETs is guided by factors such as tumour size and spe-

cific location, invasion depth and tumour grading.6,7 Enteroendocrine

cells, distributed from the stomach to the rectum, are essential for

intestinal homeostasis, influencing nutrient sensing, absorption, bar-

rier integrity and immune regulation.8 When neoplastic, their potential

subepithelial growth – even in small tumours – can complicate endo-

scopic or local resection. This fact explains why standard endoscopic

resection techniques using a simple snare-based resection are often

incomplete; as these tumours are often broad-based or flattish, using

a simple snare will not capture all of the hidden components of the

tumour deep to its mucosal aspect. Snare polypectomy is thus often

limited to less complex cases due to it frequently resulting in incom-

plete resection. Hence, there is a need for more advanced endoscopic

resection techniques in most cases.

Endoscopic mucosal resection (EMR) starts with an injection to lift

the lesion before resection, offering a more thorough removal suitable

for larger lesions. Enhanced variants of EMR have been developed to

increase the possibility of obtaining complete R0 endoscopic resec-

tion. ‘Underwater EMR’ (U-EMR), which uses water to improve layer

separation, provides better visualisation and separation of layers, but

requires a specific setup and expertise. ‘Cap-assisted’ EMR (c-EMR)

employs a cap for better suction and lesion security, facilitating more

accurate snare placement, though it is limited to accessible lesion

locations. ‘Circumferential Incision EMR’ (CI-EMR) and

TABLE 1 Indication for endoscopic resection in gNETs, dNETs, and rNETs.

<1 cm 1–2 cm >2 cm

Gastric

NETs

Type 1: Not always necessary

Type 3: Advisable, if grade 1 NET

Type 1: Recommended through EMR/ESD

Type 3: Usually not recommended (possible

in very selected low-grade cases)

Type 1: Usually not recommended

(possible in very selected low-grade

cases)

Type 3: Not recommended

Duodenal

NETs

Recommended, if non-functioning non-ampullary

NET through EMR (ESD to be used with extreme

caution)

Usually not recommended (possible in very

selected low-grade cases: see chapter 3.5.2

and 3.5.3)

Not recommended

Rectal

NETs

Recommended through EMR/ESD Usually not recommended (possible in

selected low-grade cases through ESD)

Not recommended
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‘Circumferential Submucosal Incision EMR’ (CSI-EMR), involving

saline injection and targeted incisions, allow precise cutting suitable

for superficially invasive tumours, but are more technically demanding

and require higher skill. ‘Ligation-assisted Modified EMR’ (L-EMR)

uses ligation to isolate the lesion, minimising damage to surrounding

tissues, but it is complex and carries a risk of incomplete ligation.

Endoscopic submucosal dissection (ESD) is an advanced technique

that starts with lesion demarcation and a submucosal cushion injec-

tion, followed by meticulous dissection under direct visualisation. ESD

allows en-bloc resection with precise margins, reducing recurrence,

but is time-consuming, carries a higher risk of perforation and hae-

morrhage (especially in the duodenum), and requires a high skill level.9

Endoscopic full-thickness resection (EFTR) uses an over-the-scope

clip and a polypectomy snare to secure and fully resect the lesion,

sealing any resultant defect. EFTR is effective for lesions penetrating

deeper layers, but has a high complication risk and should only be per-

formed in specialised centres.

Each technique has specific advantages and is selected based on

tumour characteristics and endoscopic expertise, aiming to balance efficacy

and risk. Snare polypectomy is discouraged due to frequent incomplete

resections. EMR, particularly in its modified forms, is generally preferred for

non-ampullary, non-functional NETs. ESD is favoured for gastric and rectal

lesions in experienced centres but should be used with caution for duode-

nal tumours due to higher complication risks. EFTR may be considered in

selected cases involving deeper wall involvement. It is advisable to perform

endoscopic tattooing to aid intraoperative localisation of the lesion in cases

anticipated to undergo surgical resection. It is important to note that the

endoscopic techniques discussed are applicable exclusively to non-

ampullary, non-functional NETs; in functional or ampullary lesions, a surgi-

cal approachwith oncologic intent remains the standard of care.

Patients with complex lesions (e.g., borderline in size or in whom

deeper or indeterminate TNM-stage lesions for endoscopic removal)

may need a surgical approach, which underlines the need for NET

multidisciplinary team decision-making.

3.1.1 | Key points

• Snare polypectomy should be avoided for gNETs, dNETs and

rNETs due to high incomplete resection rates.

• EMR and its advanced variants are preferred in most cases, while

ESD should be considered for gastric and rectal lesions in expert

centres.

• dNETs require a multidisciplinary approach, as ESD carries high

perforation risks.

• EFTR is an alternative for deeper lesions in specialised settings.

3.2 | What is the meaning of R1 resection

The assessment of the resection status following surgical/endoscopic

removal of a NET is a key part of the histopathological examination.

Traditionally, the term R1 resection refers to the presence of residual

tumour cells at the resection margin on microscopic examination. This

contrasts with an R0 resection, where no residual tumour cells are

detected microscopically (Figure 1), and an R2 resection, where a mac-

roscopic (visible) tumour remains after surgery/endoscopy.

While the overarching definition of R1 resection involves microscopic

residual tumours at the resection margin, specific criteria can differ among

cancer types, reflecting variations in tumour behaviour and anatomical con-

siderations. In rectal adenocarcinoma, the circumferential resection margin

(CRM) concept is pivotal. An R1 resection is defined when tumour cells are

found within 1millimetre of the CRM. This definition accounts for the pro-

pensity of rectal tumours to spread circumferentially and the importance of

achieving clear margins to reduce local recurrence.10 The definition of R1

resection in pancreatic cancer is less standardised. Some guidelines, such as

those from the British Royal College of Pathologists, define R1 as tumour

cells within 1 millimetre of the margin, like rectal cancer.11 This approach

considers the aggressive nature of pancreatic tumours and their tendency

for early microscopic spread. For NETs, the definition of R1 re-

section typically aligns with the general standard of tumour cells being pre-

sentmicroscopically at the resectionmargin.12

The clinical impact of R1 resection in gNETs, dNETs and rNETs

remains under investigation, though recent studies suggest it may not

significantly affect outcomes. In a recent series of 78 patients who

underwent endoscopic resection for non-ampullary dNETs, of the six

patients who did not achieve curative resection, only one experienced

disease recurrence during follow-up.13 Similarly, the lack of complete R0

resection was not identified as a predictive factor for an increased risk of

metastasis in a series of 105 rNETs, 25 of which had undergone incom-

plete resection.14 A retrospective analysis of patients with NETs in these

regions found that tumour progression was rare following an R1 resec-

tion. The study concluded that microscopic positive margins after endo-

scopic resection did not adversely impact clinical outcomes, indicating

that an R1 finding may not have substantial clinical significance.15 How-

ever, in the case of rNETs, given the small sample sizes of available stud-

ies and considering their potentially aggressive biological behaviour,

prolonged follow-up is advisable in patients with R1 resections to ensure

timely detection of late recurrences. There is no absolute rule for decid-

ing whether, when and how to proceed with reintervention following

histological evidence of an R1 resection. Numerous factors must be con-

sidered, including the type of NET (Type 1 gNETs, for example, exhibit a

more indolent behaviour that permits a conservative management

approach in the case of an R1 resection), the Ki-67 (even though standar-

dised cut-off values to guide decision-making are lacking), the impact

and risk of complications following reintervention, as well as the patient's

age and comorbidities. The clinical significance of R1 resection in low-

grade NETs remains unclear, possibly reflecting their indolent nature;

moreover, follow-up is not standardised, thereby limiting our ability to

determine the true impact of an R1 finding on clinical outcomes.

3.2.1 | Key points

• An R1 resection may not significantly impact prognosis in gNETs,

dNETs and rNETs, but management should be individualised.

PANZUTO ET AL. 3 of 12
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• Type 1 gNETs often allow conservative follow-up, while dNETs

require caution due to higher procedural risks.

• For rNETs, studies suggest incomplete resection is not a strong

predictor of metastasis, supporting a more conservative approach

in selected cases.

• Decision-making should be guided by tumour type, proliferative

index and patient factors, requiring a multidisciplinary discussion.

3.3 | Pathological explanation and interpretation

Local endoscopic excisions of NETs often present unique challenges,

so certain specimen-specific features require additional scrutiny and

detailed documentation in the pathology report. As for several other

fields of pathology, a standardised pathology reporting approach is a

key item to enable interdisciplinary decision-making for treatment in

a multidisciplinary approach, as it has been proposed for endoscopy.16

Key elements that integrate endoscopic and pathology findings typi-

cally include12:

1. Anatomical localisation (i.e., in the stomach: fundus, corpus,

antrum, pre-pyloric region, pylorus).

2. Tumour classification according to the WHO classification.2

3. Tumour grade (including exact numbers of mitotic rate and Ki-67

proliferation index).

4. Tumour size (precise measurement of the tumour dimensions

in mm).

5. Local invasion (mucosa/submucosa/muscularis propria).

6. Lymphovascular and perineural invasion.

7. Resection margins (distance to closest lateral and deep margin

when feasible, R0 vs. R1).

8. Adjacent mucosa: absence of histological alterations or presence

of H. Pylori-related gastritis, the presence of CAG, the presence of

enterochromaffin-like-cell hyperplasia and any other relevant

finding.

9. Additional observations: invasion patterns (expansile

vs. infiltrative), molecular subtyping if available (e.g., MEN1 muta-

tions in type II gastric NETs, mTOR pathway activation).

While the morphology and grading of a NET form the backbone

of the pathological diagnosis, additional data, ranging from the margin

status, invasion patterns and background abnormalities, provide cru-

cial supplementary information to tailor treatment strategies and

follow-up plans to the individual patient's risk profile.

Pathology report review at a referral centre is always recom-

mended to ensure diagnostic accuracy and optimal patient manage-

ment. Such a review becomes mandatory when missing or ambiguous

data are present, as these can critically affect diagnosis, tumour grad-

ing, staging and therapeutic decisions.17 Notably, the rate of diagnos-

tic discrepancies has been reported to be high, highlighting the

importance of a standardised and centralised approach.18 In practice,

revisions are generally warranted if any of the following conditions

are met:

1. Omission of essential data: when key elements, such as tumour

dimensions, margin status, depth of invasion, or tumour grade, are

missing. These details are crucial for accurate staging and treat-

ment planning.

2. Transcription or typographical errors: when errors in labelling,

measurement units, or data entry occur, they can lead to diagnos-

tic errors, especially if they affect the interpretation of re-

section status or tumour characteristics.

3. Insufficient clinical correlation: when there is a lack of correlation

between the clinical information provided and the pathologic find-

ings or when the clinical context is not clearly reflected in the

report, a revision is advisable.

3.3.1 | Key points

• Standardised pathology reporting is essential for optimal gNETs,

dNETs and rNETs management.

• Reports should include tumour localisation, classification, grade, size,

invasion depth, lymphovascular involvement and resection margins.

• Pathology report revisions should be considered when key data

are missing, errors are detected, or clinical correlation is

inadequate.

F IGURE 1 Pathologic findings. (A) (H&E) and (B) (Synaptophysin) show the endoscopic submucosal dissection (ESD) specimen for a gastric
NET Type 3. The NET is confined to the submucosa and shows a pushing advancing border. Both lateral and deep margins are inked. The NET is
well clear of both lateral margins. (C) (H&E) highlights the deep resection margin. The NET is <1 mm from the inked margin, but it is not at the
margin, thus it is considered as clear (R0).

4 of 12 PANZUTO ET AL.
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3.4 | Controversial issues in gastric NETs

3.4.1 | Prognostic role of Ki-67 in type 1 gNETs

The Ki-67 proliferation index is a well-established marker used to assess

the aggressiveness of NETs. In type 1 gNETs, which are typically small,

the Ki-67 index is generally low, reflecting their indolent nature.3,4 How-

ever, variations in the Ki-67 index can have prognostic implications. In a

study discussing the assessment and prognostic role of the Ki-67 label-

ling index in gastroenteropancreatic NENs, the authors highlighted that

while type 1 gNETs usually present with a low Ki-67 index, an elevated

Ki-67 may indicate a higher risk of aggressive behaviour and metastasis.

In such cases, it is advisable to re-evaluate the diagnostic classification

carefully to confirm that the lesion is indeed a type 1 gNET and not mis-

classified as a type 3 tumour, which inherently carries a different biologi-

cal behaviour and prognosis.19 Very rare G3 type 1 gNETs have been

described, accounting for 1.6% of all type 1 gNETs in one series.

Although G3 gNETs had a very poor prognosis, it was found that patient

survival was longer than that related toNECs.20

In a multicentre study on type 1 gNETs, 137 patients were evalu-

ated, with 75% classified as G1 and 25% as G2. Analysis indicated that

male gender, tumour size and type, grading and the Ki-67 index were

associated with adverse outcomes. However, only tumour type and

size remained significant in multivariate analysis, while the Ki-67 index

did not retain statistical significance in this analysis.21 Moreover, a ret-

rospective multicentre series of 20 patients with metastatic type

1 gNETs reported a broad range of Ki-67 values, from 1% to 20%.

This observation implies that even tumours with a very low prolifera-

tive index can develop aggressive metastatic behaviour.22 In addition,

a recent study involving 60 patients with type 1 gNETs with a median

follow-up of 5.8 years reported no association between the presence

of lymph node metastases (evaluated by thoraco-abdominal CT and

functional imaging) and Ki-67.23

Thus, the role of Ki-67 in type 1 gNETs remains controversial,

probably due to the limited number of tumours with high Ki-67 levels

in published studies. Although solid scientific evidence is lacking, cau-

tion is advisable when dealing with a G2 tumour and in the very rare

G3 cases. Thus, an elevated Ki-67 index may serve as an early indica-

tor of potential aggressive behaviour, thereby influencing follow-up

intensity and therapeutic decisions.

Key points

• Unlike other gastrointestinal NETs, the Ki-67 index does not have

a clear prognostic role in type 1 gNETs.

• Ki-67 may not always predict metastatic risk, but elevated values

(grade 2) warrant closer follow-up, given their potential for more

aggressive behaviour.

• Grade 3 cases are exceedingly rare, yet they should be managed

with the awareness of a potentially high risk of aggressiveness,

despite the lack of specific data. These cases warrant comprehen-

sive staging through radiological imaging and nuclear medicine

examination to accurately assess disease extent and guide appro-

priate management.

3.4.2 | How to manage patients with multiple type
1 tumours

Type 1 gNETs are multiple in 63–72% of cases, making it technically

challenging to achieve complete endoscopic resection of all visible

lesions.23,24 The optimal approach and the best resection strategy for

multiple type 1 tumours are still not well established, owing to the

absence of solid data supporting the most effective strategy to man-

age these patients.25 There are no randomised studies comparing an

interventional approach (resecting all visible tumours) to a more con-

servative approach based on endoscopic surveillance.

As tumour size represents the main prognostic factor for the devel-

opment of metastases and tumour size >10 mm has been identified as

a cut-off to recognise lesions with more aggressive behaviour, the mini-

mal approach should be to suggest resection of tumours ≥10 mm

according to ENETS guidelines.4,21 However, the optimal therapeutic

approach for sub-centimetre lesions remains controversial. In a recent

study by Chin et al., 29.5% of patients under surveillance progressed,

requiring resection, suggesting that simple surveillance may not be safe

in these patients.26 Interestingly, this study reported that high fasting

serum gastrin concentrations were more likely related to disease pro-

gression. In contrast, a retrospective analysis showed that type 1 gNETs

≤10 mm were unlikely to develop clinically significant tumour progres-

sion. This suggests that the endoscopic surveillance interval could be

safely extended to every 2–3 years in such patients.27 In addition,

Esposito et al. found in a 10-year follow-up study that type 1 gNETs

<5 mm could be followed up by non-interventional endoscopic surveil-

lance since none of these patients underwent disease progression after

a median follow-up of almost 4 years.28

Most type 1 gNETs are preceded or accompanied by linear or

nodular ECL cell hyperplasia. Histologically, nodules >0.5 mm define

NETs, distinguishing them from hyperplasia.29 Given the increased

gNET risk in patients with CAG, regular endoscopic surveillance with

biopsies is advised, though optimal intervals remain undefined.30 The

timing of endoscopic surveillance depends on the extent of histologi-

cal alterations and the presence of a family history of gastric cancer.

In accordance with the recent MAPS III guidelines,31 patients with

extensive endoscopic or histological changes are recommended to

undergo high-quality endoscopy every 3 years, whereas individuals

with similar findings and a first-degree relative with gastric cancer

may benefit from a more intensive follow-up at 1–2 year intervals

(MAPS III).

Treatment with somatostatin analogues may be recommended in

selected type 1 gNETs that cannot be safely managed by endoscopic

surveillance or resection due to multiple or frequently recurring

lesions, or when there is a large burden of polyps that continue to

recur despite endoscopic follow-up.4 The complete response rate

ranges from 25% to 100%, but after therapy discontinuation, relapse

is frequent.32 Netazepide, a gastrin receptor inhibitor, has been

reported to result in a complete response rate in 30% of patients,

albeit tumour relapse was observed after discontinuation of treat-

ment.33 Further randomised clinical trials are required before imple-

menting netazepide in clinical practice.

PANZUTO ET AL. 5 of 12
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In cases of multiple type 1 gNETs, a personalised approach in the

context of a multidisciplinary team is essential to guide the selection

of endoscopic surveillance, endoscopic/surgical resection, or medical

treatment in very selected cases.

Key points

• The optimal management of multiple type 1 gNETs remains uncer-

tain. Resection is recommended for lesions ≥10 mm, while surveil-

lance may be appropriate for smaller tumours, especially

those <5 mm.

• High fasting gastrin levels may indicate progression risk. Somato-

statin analogues or netazepide may be considered in selected

cases, though recurrence is common after treatment

discontinuation.

3.4.3 | The limit of endoscopic treatment in type
3 gNETs

The endoscopic management of type 3 gNETs remains unclear, with

international guidelines providing conflicting recommendations. While

ENETS supports endoscopic resection for tumours under 10 mm and

low grade, provided metastases are ruled out and depth of invasion is

assessed via endoscopic ultrasonography,4 other guidelines, such as

those from ASGE,34 NANETS35 and NCCN,36 generally favour surgical

treatment due to the high risk of lymph node metastases. The ESGE

allows for endoscopic resection in select cases up to 20 mm with

exclusive submucosal invasion.7 However, the endoscopic approach

to type 3 gNETs has been increasingly adopted,37 driven by emerging

data from recent studies. Although limited by small sample sizes and

retrospective designs, these studies have reported that endoscopic

management of small sporadic type 3 gNETs is feasible and safe.

There are no clear criteria to determine when a type 3 gNET should

be managed endoscopically or when surgical resection is necessary.

To date, tumour size remains the only scientifically supported crite-

rion, with a 1 cm threshold considered the cut-off for endoscopic

treatment. In the study by Exarchou et al.38 involving 45 patients with

type 3 gNET, 36 of whom underwent endoscopic resection, a tumour

size >1 cm was statistically associated with a significantly higher risk

of poor patient outcomes. A similar finding was reported in the study

by Hirasawa et al.39 where, in addition to tumour size, the depth of

wall invasion was statistically associated with an increased risk

of lymph node metastases. Outcomes were more favourable in cases

where the tumour was confined to the mucosa or the submucosa with

an invasion depth of <0.5 mm.

Key points

• Endoscopic resection may be considered for type 3 gNETs

<10 mm (G1–G2, mucosa or superficial submucosa invasion

<0.5 mm), preferably with Ki-67 <10% as a precaution, despite lim-

ited supporting data.

• Surgical resection remains the preferred approach for tumours

≥10 mm or those invading beyond the superficial submucosa.

• Treatment decisions should be guided by tumour size, grade and

depth of invasion, ideally within a multidisciplinary team.

3.5 | Controversial issues in duodenal NETs

3.5.1 | Particular challenges facing a
periampullary dNET

Pathological assessment of tissue samples from endoscopic resections

is primarily aimed at confirming the diagnosis. However, the proce-

dure's success can be influenced by factors such as tumour size, loca-

tion (mucosal vs. submucosal) and the presence of surrounding

structures. Sampling periampullary dNETs may present certain chal-

lenges due to the anatomical complexity. As stated above (see point

3.3), pathological reporting is to be structured to describe the key

findings pivotal for clinical decision-making. However, in the duodenal

location, obtaining sufficient and representative tissue samples for

histopathological evaluation can be difficult, potentially necessitating

multiple sampling attempts. Limited tissue samples can hinder com-

prehensive histological evaluation, leading to potential underestima-

tion of tumour grade or misclassification. In cases of very small almost

complete excision at biopsy, it may make future identification difficult

and render R1 resections infrequent. Moreover, tumour tissue investi-

gation may need, other than Ki-67, hormonal immunohistochemical

characterisation since different functional types (such as gastrin-

producing or somatostatin-producing or ordinary non-functioning

types) may have different risks of lymph node metastases.40 Finally,

the ampullary location is a specific site for a particular type of NEN,

the gangliocytic paraganglioma, which the WHO classification of

NETs, 5th edition,41 has renamed composite gangliocytoma/neuroma

and neuroendocrine tumour (CoGNET). This entity is characterised by

a triphasic morphology (epithelioid NE, Schwannian-like spindle and

ganglion-like) and may pose problems in the differential diagnosis with

other periampullary neoplasms, including other NET types, paragan-

glioma, ganglioneuroma and gastrointestinal stromal tumours.

Key points

• Pathological assessment of endoscopic resections must ensure

adequate tissue sampling, particularly for periampullary dNETs, to

avoid underestimating tumour grade or misclassification. Multiple

biopsies may be needed for representative sampling.

• Hormonal immunohistochemistry can aid in risk stratification based

on functional type.

• In the ampullary region, differential diagnosis should consider CoG-

NET, a distinct entity requiring careful histopathological evaluation.

3.5.2 | Appropriate endoscopic assessment

Most dNETs occur in the first or second part of the duodenum, with

those in the second part predominating in the ampullary region, the

majority being discovered incidentally; more rarely, larger lesions
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could cause intestinal obstruction or jaundice (if periampullary or

bleeding resulting in anaemia).42,43 While gastrinomas are generally

rare, their duodenal localisation is not infrequent, especially as part of

MEN-1, and these patients present with Zollinger-Ellison syndrome.43

Somatostatin-expressing NET and CoGNET are located almost exclu-

sively in the ampullary region.44 Periampullary dNETs, including soma-

tostatinomas, can occur in patients with neurofibromatosis type

1 (NF1).43,45

The endoscopic morphological aspects of dNETs are similar to

those in other gastrointestinal tract localisations, being usually single

and small to medium-sized46 sessile, erythematous, or pale lesions in

the proximal duodenum or bulb or D1 to D2.16 In recent years,

increasingly smaller lesions have been detected, owing to better

mucosal visualisation with modern endoscopic tools. In a recent paper

by Kim et al.47 magnifying endoscopy with narrow-band imaging

revealed that dNETs typically exhibit regular microsurface and micro-

vascular patterns, along with the presence of thickened subepithelial

vessels in approximately 68% of lesionlesions, features that may aid in

differentiating these tumours from other subepithelial lesions; how-

ever, these findings are based on a small cohort of 22 lesions and

should be interpreted with caution.

At endoscopy, lesions should be accurately measured and ana-

tomically localised with a recording of their morphological aspects.48

EUS can also be used to assess TNM stage and exclude loco-regional

adenopathy; this is important for larger sporadic lesions (1 cm or

greater) in planning therapy (endoscopic vs. surgery). Also, with a clini-

cal suspicion of gastrinoma, EUS should always be performed regard-

less of size43,49 due to the risk of loco-regional metastasis, in addition,

somatostatin-receptor PET/CT is recommended. EUS is also impor-

tant in assessing ampulla or periampullary NET and providing accurate

localisation and TNM staging, and determining whether the pancreatic

or biliary ducts are involved.

Key points

• dNETs are often incidental findings, with larger lesions potentially

causing obstruction, jaundice, or bleeding.

• Periampullary dNETs may be associated with NF1 or MEN-1; they

are rarely amenable to endoscopic treatment due to their biological

behaviour and anatomical location, usually requiring surgery. Accu-

rate endoscopic measurement, localisation and morphological

assessment are essential. EUS should be used for staging, evaluat-

ing loco-regional adenopathy in lesions ≥1 cm, and assessing peri-

ampullary involvement.

• EUS, morphological imaging exams and somatostatin-receptor PET/CT

are recommended in suspected gastrinomas to evaluatemetastatic risk.

3.5.3 | Limits of advanced endoscopic resections in
the duodenum

The literature on the endoscopic resection of non-ampullary duodenal

tumours primarily focuses on non-NENs, particularly adenomas, with

limited data on dNETs. Most studies describe snare-based techniques,

mainly EMR, with success rates exceeding 90% for superficial lesions.

Despite a high piecemeal resection rate (>30%), recurrence is uncom-

mon and usually manageable with repeat endoscopic treatment.9

EMR is generally safe, with perforation rates below 5% and signif-

icant bleeding occurring in 10%–15% of cases.9 However, the duode-

num's thin wall and rich vascularisation increase the risk of

complications. Nonetheless, EMR-related perforation remains rela-

tively low at approximately 2%.50

ESD has been explored for superficial duodenal lesions, achieving

higher en-bloc resection rates (70%–80%) but with a perforation risk

exceeding 30%, including delayed cases requiring surgery. Despite

better complete resection rates than EMR, ESD has not shown supe-

rior long-term outcomes or survival. Given these risks, the ESGE does

not recommend routine ESD for superficial duodenal lesions.9

A recent meta-analysis reported that duodenal ESD for non-

ampullary lesions achieves high en-bloc and R0 resection rates (98%

and 86%), but carries a significant perforation risk (8%), highlighting

the importance of expert centres and careful patient selection.51

In a recent multicentre study52 involving 171 patients, EFTR for

dNET demonstrated high efficacy (R0: 71.9%) and safety (severe adverse

events: 1.8%), with very low recurrence rates (1.8%). Additionally, endo-

scopic vascular pattern assessment in dNETs showed high accuracy

(93.3%) in predicting tumour grade and depth of invasion, highlighting its

potential role in risk stratification. Given these findings, EFTR could rep-

resent a preferred endoscopic treatment for dNETs, particularly for

lesions located distal to the proximal third of the duodenal bulb.

dNETs are highly heterogeneous, with their biological behaviour

influenced by various factors.53 Given the risk of adverse events,

dNET resection is best undertaken in high-expertise centres. While

multiple EMR and ESD variants have been reported in small cohorts,

EFTR represents an emerging option, though current evidence is still

limited.54 Surgery should be considered when endoscopic re-

section carries a high risk of complications or R1 margins. All duodenal

resections require careful multidisciplinary planning to balance re-

section success with procedural risks and surgical alternatives.55

Key points

• Endoscopic resection of non-ampullary dNETs is challenging due

to the thin duodenal wall and rich vascularisation.

• EMR is the preferred technique, with high success rates and accept-

able complication risks, though piecemeal resection is common.

• ESD achieves higher en-bloc resection rates but carries an unac-

ceptably high perforation risk and is not routinely recommended.

• Resections should be performed in experienced centres, and high-

risk cases should be evaluated for surgery. EFTR is an emerging

option, but evidence remains limited.

3.5.4 | How to manage small incidental dNETs

dNETs pose particular challenges in management due to the inherent

heterogeneity and the lack of prospective outcome data, especially in

small incidentally discovered lesions.56
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For incidentally found non-functional lesions, therapy will depend on:

the size and grade of the tumour48; ease of access for endoscopic re-

section (post-pyloric or periampullary tumours may pose certain chal-

lenges); TNM stage (depth of invasion in relation to the deep muscle layer,

assessed at EUS); possibility of lymphadenopathy and/or metastatic

spread; tumour grade. With advancing techniques, endoscopic resection is

increasingly effective for selected dNETs >10 mm in patients with non-

metastatic disease,57 though treatment decisions should always bemade in

amultidisciplinary setting.

For very small lesions <10 mm, patient age, and performance status

need to be considered. It is difficult to ascribe definite rules to dNET

management,58 but in general, for tumours <10 mm that do not involve the

ampulla and in whom loco-regional spread is not present or likely, patients

could have surveillance or endoscopic resection (as described earlier).4

EMR or ESD is often preferred to cap-assisted techniques or full-thickness

endoscopic resections that are sometimes difficult in these localisations.

The choice of technique will depend on local expertise. A recent retrospec-

tive study including 56 patients with non-ampullary duodenal lesions (28 of

whom had NETs) demonstrated similar efficacy between EMR and ESD in

achieving radical resectionwith R0margins. However, the study reported a

higher complication rate for ESD (duodenal perforation occurred in 10% of

patients), which is therefore recommended only for larger lesions, following

prior assessment of lesion infiltration using EUS.59 Surgery is rarely indi-

cated for small (<10 mm), non-functional dNETs; however, SEER data anal-

ysis (2010–2015) reported its use in up to 46% of cases, even for lesions

<10 mm.60 This interesting analysis included 465 patients treated surgically

or endoscopically for amixture of dNETs and showed thatwhen controlling

for confounding factors, endoscopic resection of dNETs had similar survival

to surgical resection, irrespective of tumour size and also lymph node sta-

tus.60 In another study, 22 of 69 patients with ≤10 mm, grade

1, non-functioning, non-ampullary dNETs underwent a ‘watch and wait’ or
surveillance, with only one showing a mild local increase in size.46 While

some have challenged this conservative approach,61 surveillance may be

appropriate in a subset of patientswith dNETs.

Key points

• Surveillance may be considered for non-functional, non-ampullary

dNETs ≤10 mm (G1, no EUS evidence of invasion or lymphadenop-

athy), particularly when endoscopic resection is not feasible.

Follow-up intervals are not well defined, but annual endoscopy

and imaging appear reasonable.

• EMR is preferred for resection, while ESD is reserved for larger

lesions due to higher perforation risk.

• Surgery is rarely needed for small dNETs; the type of intervention

should be individualised based on tumour characteristics.

3.6 | Controversial issues in rectal NETs

3.6.1 | Why and how to recognise rNET before
endoscopic removal

rNETs are predominantly sessile, submucosal tumours with a smooth,

regular surface and a characteristic yellowish coloration, often

described as lipoma-like. In rare cases, they may appear semi-

pedunculated or as multiple lesions, complicating differentiation from

hyperplastic or adenomatous polyps. Larger lesions (>1 cm) may

exhibit irregular surfaces, hyperaemia, ulceration, or central depres-

sion, suggesting more aggressive behaviour.5,62 Given the high risk of

R1 resection, biopsies or snare polypectomy should be avoided for

suspected NETs.55 Instead, direct resection using an appropriate

endoscopic technique, such as EMR or ESD, is essential to minimise

this risk.

A recent comparative analysis63 of m-EMR and ESD for rNETs

reported an R0 resection rate of 90.0% for m-EMR and 82.3% for

ESD, with en-bloc resection achieved in 100% of cases. No significant

difference was observed in post-procedural bleeding (5.5% for

m-EMR vs. 2.8% for ESD). Additionally, the risk of R1 re-

section increased with tumour size, with lesions ≥5 mm significantly

associated with incomplete histologic resection (OR: 1.25, p = .008),

highlighting the challenge of achieving negative margins in larger

tumours.

A study including 100 patients found that in cases of non-R0

resection, residual tumour tissue was present in 43% of patients after

salvage endoscopic resection. Consequently, systematic scar re-

section (via endoscopic full-thickness resection or ESD) appears nec-

essary, as these procedures have demonstrated an R0 resection rate

close to 100%.64

Another recent study65 identified tumour size, resection margin

involvement and angiolymphatic invasion as key risk factors for lymph

node metastasis, with increasing rates as risk factors accumulate.

Despite this, long-term outcomes were favourable, with no significant

difference in 5-year recurrence-free survival (98.7% vs. 99%) or over-

all survival (100% vs. 99.5%) between high- and low-risk groups.

A study on small rNETs66 evaluated endoscopic strategies for

achieving R0 resection in tumours ≤10 mm. The R0 resection rate

for accidental diagnostic biopsy by cold forceps was 100% for rNETs

2–3 mm but dropped significantly for larger lesions (34.3% for 4–5 mm

and 0% for 6–10 mm). In contrast, EMR and ESD showed comparable

efficacy, with R0 rates of 87.5% and 93.8% for rNETs 6–10 mm,

respectively. These findings suggest that while biopsy may be sufficient

for very small tumours (≤3 mm), it should be avoided for larger ones

due to the high risk of incomplete resection and residual disease.

Focusing on the management of R1 resections and the consider-

ation of salvage therapy, a multicentre study67 assessed the clinical

significance of positive resection margins in rNETs ≤20 mm after

endoscopic resection. In a cohort of 527 patients, 34.3% had positive

margins, correlating with worse disease-free survival. Independent

predictors included tumour size >1.5 cm, low rectal location,

neutrophil-to-lymphocyte ratio >4.4 and resection technique. EMR

and its variants were linked to higher rates of incomplete resection,

while ESD showed the lowest R1 rate, supporting its role in achieving

R0 resection. Salvage treatment significantly improved outcomes,

with repeat EMR or ESD showing efficacy comparable to radical sur-

gery, supporting less invasive strategies in selected cases.

In addition, the potential prognostic role of endoscopic vascular

patterns in rNETs has been recently proposed, showing promising

accuracy in predicting tumour grade and invasiveness.68
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Key points

• Endoscopic resection is preferred for rNETs <1 cm and indicated in

select cases for tumours 1–2 cm based on risk factors and local

expertise.

• Switching to ESD or EFTR may be preferable for tumours >1.5 cm

to reduce the risk of positive margins.

• Snare polypectomy and biopsies should be avoided for lesions

>3 mm due to the risk of incomplete resection.

• Salvage endoscopic resection is effective for R1 cases.

• Vascular pattern assessment (V1/V2) aids risk stratification, corre-

lating with tumour grade and invasion depth.

• Multidisciplinary management is essential for treatment

optimisation.

4 | CONCLUSIONS

The endoscopic management of gNETs, dNETs and rNETs is marked

by key areas of uncertainty and variability in clinical practice. This

ENETS position paper highlights the importance of a tailored and mul-

tidisciplinary strategy that accounts for tumour size, location and bio-

logical behaviour (Table 2). EMR and its advanced variants remain the

preferred approach for most small lesions, while ESD and EFTR may

be appropriate in selected cases, particularly when deeper invasion is

suspected. Notably, an R1 resection does not necessarily imply a poor

prognosis and, in select scenarios, may be managed conservatively.

Accurate and standardised pathological assessment – including grad-

ing, invasion depth and background mucosa – is essential for clinical

decision-making. Controversies persist regarding the prognostic role

of Ki-67 in type 1 gNETs, the management of multiple gastric lesions,

and the role of endoscopic resection in type 3 gNETs and dNETs. For

rNETs, recognising subtle endoscopic features and selecting optimal

resection techniques are crucial to achieving complete removal and

minimising recurrence. Standardised surveillance protocols are

urgently needed for type 1 gNETs, particularly given the limited pro-

spective data. The recent ESGE MAPS III guidelines31 highlight the

role of high-quality endoscopy with chromo-endoscopy in advanced

CAG, potentially reducing the need for biopsy mapping. This paradigm

shift may also impact follow-up strategies in patients with a history of

gNET. Additional research is essential to refine treatment algorithms

and support evidence-based, patient-centred management.
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