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The rising incidence and the accumulating prevalence of neuroendocrine neoplasia (NEN) in the population makes 
this a common, prevalent and a clinically relevant disease group. Surgical resection represents the only potentially 
curative treatment for digestive NENs. Thus, resection should in principle be considered for all patients with NEN, 
although taking the patients age, relevant comorbidity, and performance status into account for operability. Patients 
with insulinomas, NEN of the appendix and rectal NENs are usually cured by surgery alone. However, less than a 
third of patients are amendable to curative surgery alone at time of diagnosis. Furthermore, recurrence is common 
and may occur years after primary surgery, hence the long follow-up time recommended in most NENs (> 10 years). 
As many patients with NENs present with locoregional or metastatic disease, there is considerable debate regarding 
the role of debulking surgery in these settings. However, good long-term survival can be achieved in a considerable 
proportion of patients, with 50–70% alive up to 10 years after surgery. Location and grade are the main determinants 
of long-term survival. Here we present considerations to surgery for primary neuroendocrine tumors in the digestive 
tract.
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Introduction

The incidence of neuroendocrine neoplasia (NEN) is increasing, as documented across several po-
pulation-based investigations [1–5]. The crude incidence is reported to be 6–7 per 100.000 per year 
[1,3,4], which is a doubling compared to incidence rates only two decades ago and a 6-fold increase since 
the early 1970s [4]. The increase is likely due to better detection by widespread use of cross-sectional 
imaging in the population, increased knowledge about this disease among clinicians and pathologists, 
and better classifications of the disease. However, an actual increase in the disease may not be excluded, 
although no well-known risk factors of exposure have been identified. Some NEN develop on a back-
ground of genetic syndromes, most notably multiple endocrine neoplasia (MEN1) and von-Hippel- 
Lindau disease (VHL) and occasionally tuberous sclerosis complex (TSC) [6]. Due to an overall good 
prognosis and improvements in disease control, the prevalence has been estimated to be around 35 per 
100,000 population, with the real prevalence possibly much higher due to change in actual disease 
recognition.

For each separate organ location, NENs are relatively rare tumors with a wide spectrum of pre-
sentation and outcomes. However, collectively, the rising incidence and the accumulating prevalence of 
NEN in the population makes this a common, prevalent and a clinically relevant disease group. Indeed, 
GEP-NENs are proposed to be collectively the second commonest of digestive cancers in terms of pre-
valence [7]. NENs may develop in the lung and thymus, but location in the luminal gastrointestinal (GI) 
tract or pancreas makes up the majority, reported from 55% to 70% (Fig. 1) and collectively known as 
gastroenteropancreatic NENs (GEP-NENs) [8,9]. GEP-NENs constitute a heterogeneous group of tumors 
and may present in many different ways, although an increasing number of patients are presenting as 
“incidentalomas” (small, indolent lesions detected during work-up for different indications). However, a 
considerable delay from onset of symptoms to eventual diagnosis is characteristic for several of these 
tumors. This review will focus on the role of surgical resection in primary GEP-NENs and considering the 
complications, and short and long-term outcomes to this disease group. A brief overview of diagnosis, 
role of resection and the potential complications from surgical treatment will be discussed. Specific 
points for each anatomical location will be discussed from GEP-NENs covering the upper to the lower 
gastrointestinal tract.

Diagnostic work-up

In primary NEN, cross-sectional imaging may suffice to pursue surgical resection for some patients, 
e.g. patients presenting urgently with small bowel obstruction or with symptomatic/emergency pre-
sentation. In most other situations, decision-making is based on a proper diagnosis based on proper 
cross-sectional imaging by means of a multi-phase, contrast-enhanced computed tomography (CT) with 

Fig. 1. Distribution of neuroendocrine neoplasia by anatomical location. Legend: Distribution according to best estimates accu-
mulated from several epidemiological studies.
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or without magnetic resonance imaging (MRI) scanning for evaluation of diffusion-weight imaging [10]
or presence of metastasis to the liver. However, specific functional imaging has an increasing role in 
diagnosis and staging. Functional imaging involves nuclear imaging techniques that help in predicting 
biological behavior in vivo, staging, and diagnosing certain NENs, which are otherwise occult on con-
ventional imaging by CT/MRI. Hence, functional imaging may include somatostatin receptor scinti-
graphy, 18-FDG PET, and 68-Galium DOTA-PET [10–12].

While liquid biopsy-based diagnostic tests such as the NETest has been proposed this is not in 
widespread use [13]. Diagnosis should be made by biopsy or surgical resection for histological evaluation 
as fine needle aspiration or cytology is insufficient for a specific diagnosis and evaluation of proliferation. 
Tissue-based markers such as the insulinoma-associated protein 1(INSM1) has robust diagnostic prop-
erties but has yet to replace other conventional markers [14]. The updated World Health Organization 
(WHO 2019) classification separates NENs into 4 grades (Table 1). The G3 NENs and NECs are overlapping 
(Fig. 2), and shown to be a quite heterogeneous patient group concerning prognosis and treatment 
benefit, depending on factors such as the primary tumor site, differentiation, proliferation rate, and 
molecular alterations [15–17].

Surgery for primary NENs according to location

National and international guidelines recommend surgery for most primary NENs[9,18–29]. Surgical 
resection represents the only potentially curative treatment for GEP-NENs. Thus, resection should in 
principle be considered for all patients with NEN, although taking the patients age, relevant comorbidity 
and performance status into account for operability[30]. In particular, some elderly patients with in-
cidental or law grade NENs may be at higher risk from surgical morbidity and mortality than their overall 
life-time risk of cancer-related deaths. Hence, the all-cause risk of death needs to be weighed against the 
intentional benefit of the specific location and cancer-surgery needed to remove any NEN lesion 
(Table 2). Also, less invasive strategies (e.g. endoscopic removal in the stomach) are available in some 
locations, with higher risk of recurrence (that can often be treated with re-resection endoscopically) but 
similar overall survival reported[31].

Surgery is the main treatment for most NENs and is provided to 71% of patients, followed by use of 
(alone or in addition) somatostatin analogues (32%), chemotherapy (20%), peptide receptor radionuclide 
therapy (PRRT) (9%) and targeted therapies (8%) [32]. Patients with insulinomas, NEN of the appendix 
and rectal NENs are usually cured by surgery alone. In general, due to the biology and nature of pre-
sentation, less than a third of patients are amendable to curative surgery alone at time of diagnosis. 
Furthermore, recurrence is common and may occur years after primary surgery, hence the long follow- 
up time recommended in most NENs (> 10 years). As many patients with NENs present with locoregional 
or metastatic disease, there is considerable debate regarding the role of debulking surgery in these 
settings. This will be discussed for the specific locations, in the specific paragraphs below.

Complications after surgery for GEP-NENs

The rate of complications after surgery is largely described in retrospective, single-center cohort 
studies. However, a large registry-based cohort study from the EUROCRINE database explored the 

Table 1 
WHO 2019 classification for NENs of the digestive system. 

Grade Mitotic count (2 mm2)a Ki-67 Index (%)b Morphology

G1 <  2 <  3 Well differentiated NETs
G2 2–20 3–20 Well differentiated NETs
G3 >  20 >  20 Well differentiated NETs
NEC >  20 >  20 Poorly differentiated NECs

NEC, neuroendocrine carcinoma; NEN, neuroendocrine neoplasm; NET, neuroendocrine tumour; WHO, World Health Organization, 
HPF, high power fields

a 10 HPF = 2 mm2, at least 40 fields (at ×40 magnification) evaluated in areas of highest mitotic density.
b MIB1 antibody; percentage of 500–2000 tumour cells in areas of highest nuclear labelling.
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Fig. 2. Grading criteria for NENs into NETs and NEC. Legend: Separation of NEC into Ki-67 ≥ 55% defines a further particular 
subgroup of tumors with prognostic, therapeutic and clinical relevance.

Table 2 
Short-term and long-term complications. 

Organ location Resection* Short-term risk** Long-term risk

Esophagus Local excision Leakage Recurrence risk
Esophagectomy Anastomotic leak 

Periop complications
Local symptoms; nutritial/ 
stenosis

Stomach Local excision Recurrence 
Perforation

Recurrence

Gastric resection Anastomotic leak 
Delayed gastric emptying

Local symptoms; nutritial 
issues; anastomotic stenosis

Duodenum Pancreatoduodenectomy Pancreatic fistula risk (15–30%) 
Post-op complications/ morbidity in up 
to 50%

Exocrine and endocrine 
insufficiency

Local excision Leakage Stricture (rare)
Small Bowel Small bowel resection Loss of small bowel Remaining length 

Anastomotic leak
Adhesions 
Short-bowel syndrome 
Fibrosis/desmoplasia

Pancreas Pancreatoduodenectomy Pancreatic fistula rate 15–25% 
Post-op complications/ morbidity in up 
to 50%

Exocrine and endocrine 
insufficiency

Distal resection Pancreatic fistula 20–30% 
Post-op morbidity less compared to 
pancretoduodenectomy

Exocrine and endocrine 
insufficiency

Local resection 
(enucleation)

Pancreatic fistula 13–27% Recurrence

Colon Segmental resection Anastomotic leak  
<  3–5%

Recurrence

Rectum Local excision Recurrence Recurrence
Total mesorectal excision 
Rectal amputation 
Pelvic exenteration

Anastomotic leak Function, LARS

* Procedure complications in short term are related to the magnitude of the intervention, e.g. for endoscopic procedures ty-
pically perforation or bleeding. For organ resections, it follows the typical pattern of the type of surgery involved.

** most risk profiles follow that for conventional organ surgery, however a recognized higher risk for post-operative pancreatic 
fistulae is noted for pancreatic resections due to a typically soft gland and a small duct (both pancreatic and biliary duct), compared 
to surgery for other cancers. Distal pancreatic resections may have higher risk of post-operative fistulae, but usually of lesser 
severity.
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complication rate in 376 patients with GEP-NEN having undergone resection [33]. In the EUROCRINE 
cohort study, severe complications (Dindo-Clavien ≥ 3) occurred in 56 (14.9%) patients, with 1.1% peri-
operative mortality. Severe complications occurred significantly more frequent in surgery for pancreatic 
or duodenal NENs (n = 31; 22.0%) compared with small intestinal NENs (11.4%), in patients with lymph 
node metastases operated with curative aim of surgery (n = 24; 21.4%) versus non-metastasized tumors 
or palliative surgery (n = 32; 12.1%) (p = 0.020), and in functioning tumors (n = 20; 23.0%) versus non- 
functioning tumors (n = 30; 13.5%) (p = 0.042). Complication rates were not significantly associated with 
tumor stage or grade.

While this study gives an overview of the collective complication rate, the specific risk for any in-
dividual is based on the location of the tumor and the tumor burden and the comorbidity and perfor-
mance score of the patient. Hence, a limited small bowel resection for a small intestinal NET may have a 
considerable different risk-profile compared to a large Pancreatic NET requiring a pancreatoduode-
nectomy with concomitant portal vein resection and reconstruction (Table 2). Thus, the specific com-
plications and considerations are best discussed for each location and for the individual patient.

Esophageal NET

Esophageal NENs are very rare and make up <  1% of all GEP-NENs (Fig. 1). Most cases are incidental 
findings found on endoscopy [34,35]. In Japan, esophageal location contributes to 5.8% of all NECs [36]. 
Based on data obtained from the Surveillance, Epidemiology, and End Results (SEER) database, more than 
50% of esophageal NECs present with metastasis at time of diagnosis [37]. In a study from the National 
Cancer database (NCDB) in the Unites States, esophageal NETs made up <  0.01% of all esophageal cancers 
treated between 2004 and 2017 [38]. Median age at presentation was 65 years and two-thirds were male. 
In this study [38], over 43% had metastasis at presentation, and were more likely to present with ad-
vanced stage (T4 tumors) compared to other cancers in the esophagus. Esophageal NETs were also less 
likely to undergo surgical resection (done in only 28%), and <  19% had a local resection [38]. Surgery was 
associated with favorable survival, also when compared to propensity-score matched patients with 
regular adenocarcinoma of the esophagus. Patients who received systemic (neoadjuvant) chemotherapy 
had better outcomes [38]. The data compares to a similar study from the US [39], but both are hampered 
by the administrative registry nature of data, with no regular NEN classification to guide the prognosis.

No standard treatment is established for esophageal NECs, but observations suggest that surgery with 
chemotherapy is associated with improved outcomes.

Gastric NETs

Gastric neuroendocrine tumors (NETs) make up <  7% of all neoplastic lesions in the stomach [40]. 
Type I and II gastric NETs are usually incidental findings during upper gastrointestinal endoscopy, with 
type I caused by chronic atrophic gastritis and type II developing in patients with gastrin-producing NETs 
[41,42]. Gastric NETS are usually multiple, small (< 2 cm) and have a low Ki-67% index (≤5%). Evaluation 
by endoscopic ultrasound and surveillance is recommended. Local excision by endoscopic techniques 
may be performed in most, while surgery is reserved for those with multiple, or large lesions or lesions 
invading into the muscularis propria. Lymphovascular invasion (LVI) may also prompt a different 
treatment than endoscopic resection, usually by gastrectomy according to location.

Type III gastric NETs make up <  20% of all gastric locations. These lesions are sporadic, and not as-
sociated with hypergastrinemia, and may present with dyspepsia, bleeding, or obstruction. More than 
half of patients have metastasis at time of diagnosis, and for those systemic therapy is indicated. Surgical 
resection should be performed in patients who are operative candidates and have localized disease, in a 
similar manner as for gastric adenocarcinoma employing a partial or subtotal gastrectomy with lym-
phadenectomy [18]. However, some emerging data suggest that surveillance or endoscopic resection 
may be a feasible option to some of the type III gastric NENs [43], particular those of grade 1 or 2 and of 
smaller size (< 10 mm).
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Duodenal NETs

Duodenal NETs are usually detected as an incidental finding during endoscopy [18] but considerable 
heterogeneity in presentation, treatment and outcome exist for duodenal NETs [44]. More than 50% may 
have metastatic disease at time of presentation [44,45].

If located away from the ampulla and staged as a small (≤10 mm), localized, grade 1, non-functioning, 
NET this lesion can be locally resected by endoscopy or surgery, or considered for surveillance [46–48]
with 5-year recurrence free survival reported at 90% [49]. Such small duodenal NENs behave indolently 
with very low risks of progression and no tumor-related deaths [50]. "Watch and wait" appears to be a 
safe alternative management strategy for selected duodenal NETs, although some investigators question 
the safety of this approach [45].

Duodenal NETs located at or near the ampulla of Vateri should be resected. A NEN location at or near 
the Ampulla that is not amenable to endoscopic removal would necessitate a pancreatoduodenectomy in 
operable patients for radical resection as this allows for appropriate lymph node harvest and staging
[45,51]. A transduodenal ampullectomy can be considered in select patients.

Functional NETs in the duodenum are rare but require resection. A systematic review of 43 patients of 
ampullary somatostatinoma reported good outcomes and survival up to 13 years after resection[52]. The 
most common functional NET in this area is however found as part of the gastrinoma complex (Zollinger- 
Ellison syndrome) for which most are sporadic[53], but a hereditary background as for MEN-1 should be 
considered in these lesions.

Pancreas NETs

Pancreatic neuroendocrine tumors (PanNET) have an increasing incidence and a reported unfavorable 
prognosis compared to other NEN primaries. The majority of pNET are non-functional without hormonal 
activity (80%). Besides functional syndromes, size is a key determinant for treatment decision-making 
(2 cm cut off). Histologic or cytologic diagnosis should be performed, mostly via endosonographic route, 
with demonstration of endocrine markers and proliferation index (Ki-67) to grade the lesion accordingly. 
Analysis of DAXX/ATRX loss and expression of Somatostatin Receptor (SSTR) is recommended to stratify for 
biological behavior and indication for surgery [54,55]. To date, no clear recommendation for biomarkers 
can be made, but chromogranin A (CgA) might be useful to monitor the disease [56]. More recently the 
NETest, a multigene liquid biopsy blood biomarker panel has shown potential in the initial diagnoses and 
prediction of recurrence of disease in multiple neuroendocrine tumors, including pNETs [13].

After complete staging, including CT with arterial-phase contrast and preferably PET (SSTR) imaging, 
the local extent of the tumor and its resectability must be elucidated. Pancreatic surgery has a reported 
morbidity of up to 50% and mortality of less than 3% in experienced high-volume centers [57–59]. 
Therefore, a careful risk– benefit ratio has to be assessed, especially in small lesions with indolent 
biological behavior and slow tumor growth. Additionally, the pancreatic tissue around pNET is usually 
soft with non-dilated ducts, having an impact on the risk of postoperative pancreatic fistula (POPF) and 
its associated morbidity [60,61]. Resectability of pNET is not consensually defined, for locally advanced 
tumors (stage T3 and T4 according to ENETS and AJCC staging systems) the same criteria apply as for 
pancreatic adenocarcinoma in which the National Comprehensive Cancer Network (NCCN) rules are 
most widely applied [62].

In general, resection of non-functioning (NF) panNET achieves 5-year survival rates up to 80% [63]. 
These oncologic results need to be compared with the potential harms of surgery and potential long term 
endocrine and exocrine complications. Therefore, parenchymal sparing strategies (enucleation) can be 
considered for small lesions, clear of the main pancreatic duct [64]. However, meta-analysis of this 
strategy demonstrates association with an increased rate of POPF [64]. Recently, several studies have 
elucidated the optimal management of small PanNET lesions <  2 cm. Two ongoing prospective trials – 
PANDORA [65] and ASPEN [66] have shown stable disease in 80% of patients during careful surveillance 
at interim analyses.

In patients with panNET and non-resectable metastasis, the role of primary tumor resection is 
controversial. In some register-based series that may be prone to selection bias, there is a reported 
overall survival benefit with resection of the primary tumor [67]. The re is very little data to support 
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resection and none of the existing guidelines provide any vetted information on this controversial topic 
[68]. Comparison of historic data may also be difficult, as treatments options have changed and in-
stitutional variation in aggressiveness hampers comparison across series. However, reasonable long- 
term survival can be expected in selected patients when multimodal therapies can be applied [69,70].

Small intestinal NETs

Though small bowel neuroendocrine tumors (SB-NETs) are characterized by slow growth, non-spe-
cific symptoms and delays in diagnosis often results in advanced stage presentation (Fig. 3), with up to 
30% of patients having metastases at diagnosis [1,4]. Both loco-regional and metastatic SB-NETs can 
severely impair quality of life. For metastatic disease, the manifestations of carcinoid syndrome are well- 
described, including flushing, diarrhea, wheezing, and eventually carcinoid heart disease. For loco-re-
gional tumors, 50% of patients will develop mesenteric and retroperitoneal fibrosis due to the fibroblastic 
reaction surrounding the primary tumor and nodal metastases [71,72]. Such fibrosis can lead to me-
senteric angina and ischemia, venous congestion, partial or complete bowel obstruction, and ultimately 

Fig. 3. Patient with small bowel NET and liver metastasis. Legend: A. Gallium-DOTATOC PET-CT showing small bowel tumor 
(arrow) with mesenteric metastasis (pointed line arrow) and liver metastasis (double arrow). B. Patient underwent debulking 
surgery of the small bowel with lymphadenectomy, mesenteric tumor debulking and liver resection. Images are before (top) and 
after (bottom) surgery.
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chronic abdominal pain, malabsorption, malnutrition, and cachexia [73]. Loco-regional SB-NETs can be 
treated with curative intent, with high risk of recurrence, while metastatic SB-NETs can rarely be cured 
but can be treated with prolonged survival with persistent disease [74–77]. Goals of care for SB-NETs and 
management of the primary SB tumor depend on the extent of disease. In general, focus is on control of 
tumor burden, control of endocrine secretion, and prevention of complications that could impair quality 
of life, such as obstruction, mesenteric angina, and gastrointestinal bleeding [77–79]. Small bowel re-
section for SB-NETs can be performed with low morbidity and mortality, with 30-day mortality and 
morbidity reported below 2% and 20%, respectively [80–82].

Loco-regional SB-NETs with clinically negative nodal disease

For localized SB-NETs with negative clinically positive nodes (no enlarged mesenteric nodes on 
imaging), resection of the primary tumor along with regional lymph node to target resection of 8 or more 
lymph nodes for staging is the standard of care for curative-intent. The extent of resection depends on 
the number and location of potentially multifocal SB-NETs. With clinically negative nodal disease, lymph 
node dissection (LND) aims for the identification of microscopic nodal metastases for staging and pre-
vention of growth and subsequent fibrosis symptoms [83]. A minimum of 8 lymph nodes is suggested for 
LND [84,85]. In case of multifocal tumors, if resection with complete LND would lead to loss of extensive 
intestinal length, more limited mesenteric resection should be undertaken to ensure nodal harvest while 
preserving intestinal function. In addition, efforts should be made to preserve the ileo-cecal artery. Both 
those considerations are crucial in case of carcinoid syndrome or subsequent need for re-resection in 
case of recurrence (up to 60% at 15 years) [83].

Loco-regional SB-NETs with clinically positive nodal disease

Overall, about half of all patients will present with nodal mesenteric masses at diagnosis [84,86]. For 
loco-regional clinically node positive SB-NETs, every attempt should be made at resection of the primary 
tumor and the nodal mesenteric mass for curative-intent management and to prevent debilitating 
complications from mesenteric fibrosis. Approximately one in two patients with mesenteric nodal 
masses present with abdominal pain or intestinal obstruction, and resection of the mesenteric mass can 
provide relief of symptoms and prolonged survival [74,75,87]. SB-NETs mesenteric masses are categor-
ized in 4 levels: level 1 is near the intestinal border, level 2 is sitting on arterial branches from the SMA, 
level 3 is located along the border of the SMA, and level 4 extends in the retroperitoneum to root of the 
SMA. For levels 1 and 2, traditional small bowel resection and LND can be undertaken. For levels 3 and 4, 
a mesenteric-sparing approach is favored to allow for resection for complex proximal nodal masses 
while preserving intestinal length and function. Mesenteric-sparing small bowel resection allow for 
resection of proximal nodal masses to prevent complications related to the desmoplastic reaction while 
avoiding short bowel syndrome [76,88]. As such, all patients with SB-NETs with nodal mesenteric mass 
should be assessed by experienced NETs surgeons to confirm that proximal mesenteric-sparing resection 
is not feasible. Key steps for mesenteric-sparing resection include [76]: 1) elevation of the mesenteric 
root including mobilization of the cecum, ascending colon and hepatic flexure; 2) continue dissection of 
the mesenteric root by following the axis of the SMA and SMV to the level of the third duodenum and 
pancreatic; 3) incision of the peritoneum overlying edge of the nodal mass; 4) dissection of the nodal 
mass by “peeling it off” arterial and venous branches (alternating dissection anteriorly and posteriorly on 
the mass can help); 5) proximal and distal transection of the intestine as determined by devascular-
ization after maximal nodal dissection, and; 6) creation of a wide side-to-side anastomosis to prevent 
temporary partial obstruction related to anastomotic oedema after extensive mesenteric dissection [76].

Resection of primary SB-NETs with unresectable metastases

In patients with unresectable metastases, consideration should be given to resection of the primary 
tumor since primary tumors and nodal masses left in situ may lead to mesenteric fibrosis with a myriad 
of repercussions to surrounding structures. Upfront resection of the primary SB-NETs despite metastatic 
disease has been suggested to prevent loco-regional complication related mostly to mesenteric fibrosis 
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as well as potentially improve oncologic outcomes. Favorable long-term survival and prevention of 
complications (and their repercussions in terms of symptoms and need for intervention) have been 
reported in retrospective cohort studies [81,89,90]. For instance, in a meta-analysis of 6 studies, Almond 
et al. [90] reported a pooled hazard ratio of 0.47 (95% confidence interval 0.35–0.55) for upfront primary 
tumor resection compared to no resection for stage IV SB-NETs. In a population-based analysis, Bennett 
et al. reported that upfront small bowel resection was associated with a reduction in unplanned acute 
care admissions and receipt of subsequent small bowel-related surgeries, compared to initial non-op-
erative management [89]. This supports the hypothesized benefits of primary tumor resection in SB- 
NETs with unresectable metastases in order to avoid loco-regional complications for a cancer with a 
chronic course of disease. Indeed, the 2017 ENETS and NANETS consensus statements both recommend 
resection of the primary tumor and regional disease in this setting[29,91].

Appendiceal NENs

Most NENs diagnosed in the appendix present on a clinical background of “appendicitis” with the 
NEN identified incidentally on final histopathology, usually at a rate of 1–2% [92]. Appendiceal NETs 
make up about a quarter of all GEP-NENs in some series [3]. Appendiceal NETs have been considered a 
problematic and controversial area of decision making for years, in particular regarding the role of ad-
ditional hemicolectomy for appendiceal lesions between 1 and 2 cm in size [93–95]. Where consensus 
suggest those with NETs <  1 cm are cured by appendectomy alone, and those with larger NETs(> 2 cm) 
are generally considered as candidates for a completing right hemicolectomy, the tumors between 
(1–2 cm) has been considered controversial regarding its management. One needs to keep in mind that 
most of the incidental findings may occur in the relatively young age population on a background of 
clinical appendicitis, for which a further resection by right hemicolectomy may be a considerable un-
dertaking.

A large study from France included 403 patients with appendiceal NETs [96], of which 100 (25%) 
underwent additional right hemicolectomy with lymphadenectomy. Of these, 25 had positive lymph 
nodes on histopathology of the specimen. Even though patients were upstaged by the additional surgery, 
no results regarding recurrence or survival were provided in the study. Hence, no conclusions may be 
drawn on the clinical impact of the additional surgery from the study.

In a recent retrospective cohort study (inclusion between 2000 and 2010), pooled data from 40 
hospitals in 15 European countries for patients (any age and performance status) with a histopathology- 
confirmed appendiceal NET of 1–2 cm in size who had a complete resection of the primary tumor. 
Patients (n = 278) either had an appendectomy only (n = 163, 59%) or an appendectomy with oncological 
right-sided hemicolectomy or ileocecal resection. Median follow up was 13 years. Two patients had 
peritoneal metastasis (1%) and 2 had liver metastasis (1%), all metastases were diagnosed synchronously 
with no tumor-related deaths during follow-up [97].

Based on the results, the investigators concluded that right-sided hemicolectomy is not indicated 
after complete resection of an appendiceal NET of 1–2 cm in size by appendectomy, that regional lymph 
node metastases of appendiceal NETs are clinically irrelevant, and that an additional postoperative ex-
clusion of metastases and histopathological evaluation of risk factors is not supported [97]. Hence, the 
most recent data suggest that right hemicolectomy can be omitted in appendix NETS of 1–2 cm in size 
found on appendectomy.

Colorectal NETs

Incidentally detected lesion in both the colon and the rectum has increased and hence colorectal NETs 
are making up a larger share of recent series of GEP-NENs than in the past. More widespread use of 
endoscopy and introduction of screening programs for colorectal cancer likely has a direct influence on 
the detection of such early, sporadic lesions for which a majority have a favorable prognosis [98]. Me-
tastasis are rare in smaller tumors <  2 cm, but risk of metastasis increase with size >  2 cm [22]. Colonic 
NETs are rare (< 1% of all) and G1-G2 tumors are treated by conventional resection for most cases, using 
formal surgical oncological principles with adequate lymph node dissection.
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Rectal NETs are often diagnosed incidentally; the smallest (< 1–2 cm) can be resected endoscopically 
and makes up about half of all rectal NETs [99]. A randomized, non-inferiority trial found no difference 
between type of endoscopic resection in the rectum for small (< 10 mm) rectal NETs [100]. For tu-
mors <  2 cm it is recommended to perform transanal ultrasound/endoscopic ultrasound to assess depth 
of invasion. For tumors invading the muscular propria, an endoscopic removal is contraindicated, and 
treatment should follow regular principles for oncological rectal surgery, depending on location in 
rectum and involvement of tumor. More aggressive (G3) or large lesions (> 2 cm) need an oncological 
resection [101]. However, for high-grade NETS or NEC, the prognosis is overall poor [102].

Advanced grade NENs (G3 and NECs) – any role for surgery?

The vast majority of GEP-NENs are NET Grade 1 and 2, but 10–20% are classified as NET G3 or NEC 
(Fig. 2). In the NORDIC study [17] of 196 patients with metastatic disease, NET G3 was found in 12.3%, 
NEC with a Ki-67  <  55% (NEC < 55) in 29.6%, and NEC with a Ki-67 ≥ 55% (NEC≥ 55) in 56.6%. Further 
classification into morphological and molecular distinct features seem to justify this clinical distinction 
[15,103–107]. GEP-NETs G3 and GEP-NECs present significant differences in driver genes (TP53, Rb1) and 
disease origin [17,103,106]. With a considerable variation in prognosis, an aggressive tumor biology and 
often reported poor outcome, there has been a question regarding the role of surgery in high-grade G3 
and NEC patients [104,108–111]. In a meta-analysis, comprising 1810 surgical and 910 non-surgical pa-
tients, there was a survival benefit in selected patients with G3 GEP-NENs compared to those not un-
dergoing surgery [108]. Surgery of the primary tumour in patients with loco-regional high-grade GEP- 
NEN or MiNEN led to good long-term results and should be considered if an R0 resection is considered 
achievable[102]. Highly selected patients with limited stage IV disease may also benefit from surgery. 
Furthermore, liver directed surgery of PanNET metastatic disease, can provide good outcomes, particu-
larly when excision of >  70% is possible to achieve [112]. Biological imaging assessment according to 
increasing FDG-PET uptake discordant with Ga68 DOTATATE imaging (NETPET score) may reflect disease 
that will not respond to SSTR therapy and therefore may influence management decisions [113]. Surgery 
with radical intent might represent a valid option for GEP-NEN G3 patients with locoregional disease, 
especially with Ki67 value ≤ 55% [110].

Long-term survival after resection of digestive NENs

Survival after resection is good and 50–70% of patients are reported to be alive 5–10 years after 
surgery in non-selected cohort series [75,114,115]. In the first analysis of the European Neuroendocrine 
Tumour Society registry [32], comprising 10,102 patients with NEN from 7 European countries, the 5- 
years overall survival was 74%, influenced by grade, stage and tissue of origin in multivariate analysis. A 
Ki67 cut-off value set at 55% (Fig. 1) within the G3 group allowed to separate 2 groups with a meaningful 
different overall survival [32], corroborating data from the Nordic study [17].

Summary

Surgery should be considered for all patients with NEN, if the patient is considered operable. Short 
term complications from surgery usually follow the same pattern as seen for organ resection for other 
indications. For some locations in the gastrointestinal tract with small tumors a strategy of surveillance 
or endoscopic management may be a viable alternative to surgery, given a proper biopsy for assessing 
diagnosis and grading. This pertains in particular to lesions of the esophagus, stomach, colon and rectum. 
However, surgery is indicated in large tumors or tumors showing invasive growth. Small bowel NETs 
should be considered for resection, even in the presence of metastasis, as this may have a survival benefit 
and avoid symptoms. In pancreatic NETs <  2 cm, surveillance is emerging as a preferred strategy, but 
long-term data is awaited from ongoing trials. Surgery is otherwise the preferred management, with 
controversy concerning G3 tumors as data are equivocal in terms of benefit. However, a high level of 
evidence is lacking for firm decision-making in terms of choice between surgery and alternative stra-
tegies for several NETs.

K. Søreide, J. Hallet, N.B. Jamieson et al. Best Practice & Research Clinical Endocrinology & Metabolism 37 (2023) 101786

10



Funding

Supported by a grant from Helse Vest (#F-12625). Funded in part by Folke Hermansen Fund for 
cancer research and an intramural grant from Stavanger University Hospital. 

Practice points 

• Surgery is the treatment of choice for local or locoregional disease in low grade neu-
roendocrine tumors (NET, G1 or G2) in all operable, fit patients.

• Some NETs located in anatomical parts accessible for endoscopy (esophagus, stomach, 
colon, rectum) may benefit from a conservative or surveillance strategy over surgery, or 
treatment by endoscopic techniques

• Surgery is indicated in most small bowel NENs by performing macroscopic radical resection 
with systematic lymphadenectomy

• Surgery is indicated in pancreatic NETs over >  2 cm but comes with higher risk of compli-
cations compared to non-NEN lesions in the pancreas

• Hemicolectomy in addition to appendectomy is not indicated in appendiceal NETs of 1−2 cm 
as prognosis is excellent and recurrence risk very low.

Research agenda 

• Few trials are available that compares surgery to an alternative treatment strategy
• Implementation of molecular profiling characterization is necessary in future trials to guide 

treatment and better inform risk of surgery versus observation.
• Testing and validation of promising liquid biopsy multi-gene panels for detection, risk as-

sessment and surveillance are warranted before clinical implementation

References

[1] Hallet J, Law CH, Cukier M, et al. Exploring the rising incidence of neuroendocrine tumors: a population-based analysis of 
epidemiology, metastatic presentation, and outcomes. Cancer 2015;121:589–97.

[2] Masui T, Ito T, Komoto I, et al. Recent epidemiology of patients with gastro-entero-pancreatic neuroendocrine neoplasms 
(GEP-NEN) in Japan: a population-based study. BMC Cancer 2020;20:1104.

[3] Sandvik OM, Søreide K, Gudlaugsson E, et al. Epidemiology and classification of gastroenteropancreatic neuroendocrine 
neoplasms using current coding criteria. Br J Surg 2016;103:226–32.

[4] Dasari A, Shen C, Halperin D, et al. Trends in the incidence, prevalence, and survival outcomes in patients with neu-
roendocrine tumors in the United States. JAMA Oncol 2017;3:1335–42.

[5] Boyar Cetinkaya R, Aagnes B, Thiis-Evensen E, et al. Trends in incidence of neuroendocrine neoplasms in Norway: a report of 
16,075 cases from 1993 through 2010. Neuroendocrinology 2017;104:1–10.

*[6] Ruggeri RM, Benevento E, De Cicco F, et al. Neuroendocrine neoplasms in the context of inherited tumor syndromes: a 
reappraisal focused on targeted therapies. J Endocrinol Invest 2023;46:213–34.

[7] Cives M, Strosberg JR. Gastroenteropancreatic neuroendocrine tumors. CA Cancer J Clin 2018;68:471–87.
[8] Fernandes CJ, Leung G, Eads JR, et al. Gastroenteropancreatic neuroendocrine tumors. Gastroenterol Clin North Am 

2022;51:625–47.
*[9] Pavel M, Öberg K, Falconi M, et al. Gastroenteropancreatic neuroendocrine neoplasms: ESMO Clinical Practice Guidelines for 

diagnosis, treatment and follow-up. Ann Oncol 2020;31:844–60.
[10] Malla S, Kumar P, Madhusudhan KS. Radiology of the neuroendocrine neoplasms of the gastrointestinal tract: a compre-

hensive review. Abdom Radio (NY) 2021;46:919–35.
[11] Cuthbertson DJ, Barriuso J, Lamarca A, et al. The impact of (68)Gallium DOTA PET/CT in managing patients with sporadic and 

familial pancreatic neuroendocrine tumours. Front Endocrinol 2021;12:654975.
[12] Kandathil A, Subramaniam R. Gastroenteropancreatic neuroendocrine tumor diagnosis: DOTATATE PET/CT. PET Clin 2022.

*[13] Modlin IM, Kidd M, Frilling A, et al. Molecular genomic assessment using a blood-based mRNA signature (NETest) is cost- 
effective and predicts neuroendocrine tumor recurrence With 94% accuracy. Ann Surg 2021;274:481–90.

*[14] Zhang Q, Huang J, He Y, et al. Insulinoma-associated protein 1(INSM1) is a superior marker for the diagnosis of gastro-
enteropancreatic neuroendoerine neoplasms: a meta-analysis. Endocrine 2021;74:61–71.

[15] Sorbye H, Baudin E, Borbath I, et al. Unmet needs in high-grade gastroenteropancreatic neuroendocrine neoplasms (WHO 
G3). Neuroendocrinology 2019;108:54–62.

K. Søreide, J. Hallet, N.B. Jamieson et al. Best Practice & Research Clinical Endocrinology & Metabolism 37 (2023) 101786

11



[16] Sorbye H, Baudin E, Perren A. The problem of high-grade gastroenteropancreatic neuroendocrine neoplasms: well-differ-
entiated neuroendocrine tumors, neuroendocrine carcinomas, and beyond. Endocrinol Metab Clin North Am 
2018;47:683–98.

*[17] Elvebakken H, Perren A, Scoazec JY, et al. A consensus-developed morphological Re-evaluation of 196 high-grade gastro-
enteropancreatic neuroendocrine neoplasms and its clinical correlations. Neuroendocrinology 2021;111:883–94.

[18] Delle Fave G, O’Toole D, Sundin A, et al. ENETS consensus guidelines update for gastroduodenal neuroendocrine neoplasms. 
Neuroendocrinology 2016;103:119–24.

[19] Falconi M, Eriksson B, Kaltsas G, et al. ENETS consensus guidelines update for the management of patients with functional 
pancreatic neuroendocrine tumors and non-functional pancreatic neuroendocrine tumors. Neuroendocrinology 
2016;103:153–71.

[20] Garcia-Carbonero R, Sorbye H, Baudin E, et al. ENETS consensus guidelines for high-grade gastroenteropancreatic neu-
roendocrine tumors and neuroendocrine carcinomas. Neuroendocrinology 2016;103:186–94.

[21] Niederle B, Pape UF, Costa F, et al. ENETS consensus guidelines update for neuroendocrine neoplasms of the Jejunum and 
Ileum. Neuroendocrinology 2016;103:125–38.

[22] Anthony LB, Strosberg JR, Klimstra DS, et al. The NANETS consensus guidelines for the diagnosis and management of gas-
trointestinal neuroendocrine tumors (nets): well-differentiated nets of the distal colon and rectum. Pancreas 
2010;39:767–74.

[23] Boudreaux JP, Klimstra DS, Hassan MM, et al. The NANETS consensus guideline for the diagnosis and management of 
neuroendocrine tumors: well-differentiated neuroendocrine tumors of the Jejunum, Ileum, Appendix, and Cecum. Pancreas 
2010;39:753–66.

[24] Kulke MH, Anthony LB, Bushnell DL, et al. NANETS treatment guidelines: well-differentiated neuroendocrine tumors of the 
stomach and pancreas. Pancreas 2010;39:735–52.

[25] Janson ET, Knigge U, Dam G, et al. Nordic guidelines 2021 for diagnosis and treatment of gastroenteropancreatic neu-
roendocrine neoplasms. Acta Oncol 2021;60:931–41.

[26] Singh S, Asa SL, Dey C, et al. Diagnosis and management of gastrointestinal neuroendocrine tumors: an evidence-based 
Canadian consensus. Cancer Treat Rev 2016;47:32–45.

[27] Shah MH, Goldner WS, Halfdanarson TR, et al. NCCN guidelines insights: neuroendocrine and adrenal tumors, version 
2.2018. J Natl Compr Cancer Netw 2018;16:693–702.

[28] Strosberg JR, Halfdanarson TR, Bellizzi AM, et al. The North American Neuroendocrine Tumor Society Consensus guidelines 
for surveillance and medical management of midgut neuroendocrine tumors. Pancreas 2017;46:707–14.

[29] Howe JR, Cardona K, Fraker DL, et al. The surgical management of small bowel neuroendocrine tumors: consensus guidelines 
of the North American Neuroendocrine Tumor Society. Pancreas 2017;46:715–31.

[30] Fermi F, Andreasi V, Muffatti F, et al. How to select patients affected by neuroendocrine neoplasms for surgery. Curr Oncol 
Rep 2022;24:227–39.

[31] Wang M, Cheng S, Zhu L, et al. Metastasis prevalence and survival of patients with T1-2 gastric neuroendocrine tumor 
treated with endoscopic therapy and surgery. Dig Dis Sci 2022;67:3228–38.

[32] Borbath I, Garcia-Carbonero R, Bikmukhametov D, et al. The European Neuroendocrine Tumour Society registry, a tool to 
assess the prognosis of neuroendocrine neoplasms. Eur J Cancer 2022;168:80–90.

*[33] Albers MB, Almquist M, Bergenfelz A, et al. Complications of surgery for gastro-entero-pancreatic neuroendocrine neo-
plasias. Lange Arch Surg 2020;405:137–43.

[34] Branstetter H, Agarwal A, Paulson S, et al. Early esophageal neuroendocrine tumor. Proc (Bayl Univ Med Cent) 2022;35:80–1.
[35] Galanis I, Simou M, Floros G. Large-cell esophageal neuroendocrine carcinoma: report of a rare case. Cureus 2022;14:e22041.
[36] Koizumi T, Otsuki K, Tanaka Y, et al. Epidemiology of neuroendocrine neoplasmas in Japan: based on analysis of hospital- 

based cancer registry data, 2009 - 2015. BMC Endocr Disord 2022;22:105.
[37] Chen C, Hu H, Zheng Z, et al. Clinical characteristics, prognostic factors, and survival trends in esophageal neuroendocrine 

carcinomas: a population-based study. Cancer Med 2022;11:4935–45.
[38] Poston LM, Gupta S, Alvarado CE, et al. Contemporary outcomes of esophageal and gastroesophageal junction neuroendo-

crine tumors. Dis Esophagus 2023.
[39] Gray KD, Moore MD, Panjwani S, et al. Predicting survival and response to treatment in gastroesophageal neuroendocrine 

tumors: an analysis of the national cancer database. Ann Surg Oncol 2018;25:1418–24.
[40] Rustgi SD, McKinley M, McBay B, et al. Epidemiology of gastric malignancies 2000-2018 according to histology: a popula-

tion-based analysis of incidence and temporal trends. Clin Gastroenterol Hepatol 2023.
[41] Namikawa K, Kamada T, Fujisaki J, et al. Clinical characteristics and long-term prognosis of type 1 gastric neuroendocrine 

tumors in a large Japanese national cohort. Dig Endosc 2023.
[42] Kim Y, Ahn B, Choi KD, et al. Gastric neuroendocrine tumors according to the 2019 World Health organization grading 

system: a single-center, retrospective study. Gut Liver 2023.
[43] Exarchou K, Kamieniarz L, Tsoli M, et al. Is local excision sufficient in selected grade 1 or 2 type III gastric neuroendocrine 

neoplasms? Endocrine 2021;74:421–9.
[44] Massironi S, Campana D, Partelli S, et al. Heterogeneity of duodenal neuroendocrine tumors: an italian multi-center ex-

perience. Ann Surg Oncol 2018;25:3200–6.
[45] Nießen A, Bergmann F, Hinz U, et al. Surgical resection for duodenal neuroendocrine neoplasia: outcome, prognostic factors 

and risk of metastases. Eur J Surg Oncol 2020;46:1088–96.
*[46] Matsueda K, Kanesaka T, Kitamura M, et al. Favorable long-term outcomes of endoscopic resection for nonampullary 

duodenal neuroendocrine tumor. J Gastroenterol Hepatol 2021;36:3329–36.
[47] Nishio M, Hirasawa K, Ozeki Y, et al. Short- and long-term outcomes of endoscopic submucosal dissection for non-ampullary 

duodenal neuroendocrine tumors. Ann Gastroenterol 2020;33:265–71.
[48] Mandair D, Kamieniarz L, Pizanias M, et al. Diagnostic features and management options for duodenal neuroendocrine 

neoplasms: a retrospective, multi-centre study. Sci Rep 2022;12:15762.
[49] Gay-Chevallier S, de Mestier L, Perinel J, et al. Management and prognosis of localized duodenal neuroendocrine neoplasms. 

Neuroendocrinology 2021;111:718–27.
[50] Exarchou K, Moore AR, Smart HL, et al. "Watch and wait" strategy involving regular endoscopic surveillance is safe for many 

patients with small, sporadic, grade 1, non-ampullary, non-functioning duodenal neuroendocrine tumours. 
Neuroendocrinology 2021;111:764–74.

K. Søreide, J. Hallet, N.B. Jamieson et al. Best Practice & Research Clinical Endocrinology & Metabolism 37 (2023) 101786

12



[51] Iwasaki T, Nara S, Kishi Y, et al. Surgical treatment of neuroendocrine tumors in the second portion of the duodenum: a 
single center experience and systematic review of the literature. Lange Arch Surg 2017;402:925–33.

[52] Giannakodimos I, Giannakodimos A, Ziogou A, et al. Somatostatinoma of the ampulla of vater: a systematic review. J 
Gastrointestin Liver Dis 2022;31:459–66.

[53] Massironi S, Rossi RE, Laffusa A, et al. Sporadic and MEN1-related gastrinoma and Zollinger-Ellison syndrome: differences in 
clinical characteristics and survival outcomes. J Endocrinol Invest 2022.

[54] Hackeng WM, Brosens LAA, Kim JY, et al. Non-functional pancreatic neuroendocrine tumours: ATRX/DAXX and alternative 
lengthening of telomeres (ALT) are prognostically independent from ARX/PDX1 expression and tumour size. Gut 
2022;71:961–73.

[55] Hackeng WM, Assi HA, Westerbeke FHM, et al. Prognostic and predictive biomarkers for pancreatic neuroendocrine tumors. 
Surg Pathol Clin 2022;15:541–54.

[56] Dam G, Grønbæk H, Sorbye H, et al. Prospective study of chromogranin A as a predictor of progression in patients with 
pancreatic, small-intestinal, and unknown primary neuroendocrine tumors. Neuroendocrinology 2020;110:217–24.

*[57] Nymo LS, Søreide K, Kleive D, et al. The effect of centralization on short term outcomes of pancreatoduodenectomy in a 
universal health care system. HPB 2019;21:319–27.

*[58] Shaib WL, Zakka K, Hoodbhoy FN, et al. In-hospital 30-day mortality for older patients with pancreatic cancer undergoing 
pancreaticoduodenectomy. J Geriatr Oncol 2020;11:660–7.

[59] Hunger R, Mantke R. Outcome quality beyond the mean - an analysis of 43,231 pancreatic surgical procedures related to 
hospital volume. Ann Surg 2022;276:159–66.

[60] Hedges EA, Khan TM, Babic B, et al. Predictors of post-operative pancreatic fistula formation in pancreatic neuroendocrine 
tumors: A national surgical quality improvement program analysis. Am J Surg 2022;224:1256–61.

[61] Søreide K, Healey AJ, Mole DJ, et al. Pre-, peri- and post-operative factors for the development of pancreatic fistula after 
pancreatic surgery. HPB 2019;21:1621–31.

[62] Tempero MA, Malafa MP, Chiorean EG, et al. Pancreatic adenocarcinoma, version 1.2019. J Natl Compr Cancer Netw 
2019;17:202–10.

[63] Ricci C, Partelli S, Landoni L, et al. Sporadic non-functioning pancreatic neuroendocrine tumours: multicentre analysis. Br J 
Surg 2021;108:811–6.

[64] Hüttner FJ, Koessler-Ebs J, Hackert T, et al. Meta-analysis of surgical outcome after enucleation versus standard resection for 
pancreatic neoplasms. Br J Surg 2015;102:1026–36.

[65] Heidsma CM, Engelsman AF, van Dieren S, et al. Watchful waiting for small non-functional pancreatic neuroendocrine 
tumours: nationwide prospective cohort study (PANDORA). Br J Surg 2021. p. 888–91.

[66] Partelli S, Massironi S, Zerbi A, et al. Management of asymptomatic sporadic non-functioning pancreatic neuroendocrine 
neoplasms no larger than 2 cm: interim analysis of prospective ASPEN trial. Br J Surg 2022;109:1186–90.

[67] Kaslow SR, Hani L, Cohen SM, et al. Outcomes after primary tumor resection of metastatic pancreatic neuroendocrine tu-
mors: an analysis of the National Cancer Database. J Surg Oncol 2023.

[68] Williams JK, Schwarz JL, Keutgen XM. Surgery for metastatic pancreatic neuroendocrine tumors: a narrative review. 
Hepatobil Surg Nutr 2023;12:69–83.

*[69] Kjaer J, Smith S, Hellman P, et al. Overall survival in patients with stage IV Pan-NET eligible for liver transplantation. World J 
Surg 2023;47:340–7.

[70] Kjaer J, Stålberg P, Crona J, et al. Long-term outcome after resection and thermal hepatic ablation of pancreatic neu-
roendocrine tumour liver metastases. BJS Open 2021:5.

[71] Laskaratos FM, Rombouts K, Caplin M, et al. Neuroendocrine tumors and fibrosis: an unsolved mystery? Cancer 
2017;123:4770–90.

[72] Daskalakis K, Karakatsanis A, Stålberg P, et al. Clinical signs of fibrosis in small intestinal neuroendocrine tumours. Br J Surg 
2017;104:69–75.

[73] Laskaratos FM, Walker M, Wilkins D, et al. Evaluation of clinical prognostic factors and further delineation of the effect of 
mesenteric fibrosis on survival in advanced midgut neuroendocrine tumours. Neuroendocrinology 2018;107:292–304.

[74] McGuinness MJ, Woodhouse B, Harmston C, et al. Survival of patients with small bowel neuroendocrine neoplasms in 
Auckland, Aotearoa New Zealand. ANZ J Surg 2022;92:1748–53.

[75] Søreide JA, Kvaløy JT, Lea D, et al. The overriding role of surgery and tumor grade for long-term survival in patients with 
gastroenteropancreatic neuroendocrine neoplasms: a population-based cohort study. Cancer Rep 2022;5:e1462.

[76] Hallet J, Law C. Role of primary tumor resection for metastatic small bowel neuroendocrine tumors. World J Surg 
2021;45:213–8.

[77] Scott AT, Howe JR. Management of small bowel neuroendocrine tumors. J Oncol Pr 2018;14:471–82.
[78] Chan DL, Dixon M, Law CHL, et al. Outcomes of cytoreductive surgery for metastatic low-grade neuroendocrine tumors in the 

setting of extrahepatic metastases. Ann Surg Oncol 2018;25:1768–74.
[79] Raphael MJ, Chan DL, Law C, et al. Principles of diagnosis and management of neuroendocrine tumours. Cmaj 2017;189. 

E398-e404.
[80] Ahmed A, Turner G, King B, et al. Midgut neuroendocrine tumours with liver metastases: results of the UKINETS study. 

Endocr Relat Cancer 2009;16:885–94.
[81] Tsilimigras DI, Ntanasis-Stathopoulos I, Kostakis ID, et al. Is resection of primary midgut neuroendocrine tumors in patients 

with unresectable metastatic liver disease justified? a systematic review and meta-analysis. J Gastrointest Surg 
2019;23:1044–54.

[82] Kaçmaz E, Chen JW, Tanis PJ, et al. Postoperative morbidity and mortality after surgical resection of small bowel neu-
roendocrine neoplasms: A systematic review and meta-analysis. J Neuroendocr 2021;33:e13008.

[83] Singh S, Moody L, Chan DL, et al. Follow-up recommendations for completely resected gastroenteropancreatic neu-
roendocrine tumors. JAMA Oncol 2018;4:1597–604.

[84] Zaidi MY, Lopez-Aguiar AG, Dillhoff M, et al. Prognostic role of lymph node positivity and number of lymph nodes needed for 
accurately staging small-bowel neuroendocrine tumors. JAMA Surg 2019;154:134–40.

[85] Landry CS, Lin HY, Phan A, et al. Resection of at-risk mesenteric lymph nodes is associated with improved survival in patients 
with small bowel neuroendocrine tumors. World J Surg 2013;37:1695–700.

[86] Eriksson J, Norlén O, Ögren M, et al. Primary small intestinal neuroendocrine tumors are highly prevalent and often multiple 
before metastatic disease develops. Scand J Surg 2021;110:44–50.

K. Søreide, J. Hallet, N.B. Jamieson et al. Best Practice & Research Clinical Endocrinology & Metabolism 37 (2023) 101786

13



[87] Modlin IM, Champaneria MC, Chan AK, et al. A three-decade analysis of 3,911 small intestinal neuroendocrine tumors: the 
rapid pace of no progress. Am J Gastroenterol 2007;102:1464–73.

[88] Lardière-Deguelte S, Zappa M, Hoeffel C, et al. Toward a preoperative classification of lymph node metastases in patients 
with small intestinal neuroendocrine tumors in the era of intestinal-sparing surgery. Neuroendocrinology 2016;103:552–9.

[89] Bennett S, Coburn N, Law C, et al. Upfront small bowel resection for small bowel neuroendocrine tumors with synchronous 
metastases: a propensity-score matched comparative population-based analysis. Ann Surg 2022;276:e450–8.

[90] Almond LM, Hodson J, Ford SJ, et al. Role of palliative resection of the primary tumour in advanced pancreatic and small 
intestinal neuroendocrine tumours: a systematic review and meta-analysis. Eur J Surg Oncol 2017;43:1808–15.

[91] Partelli S, Bartsch DK, Capdevila J, et al. ENETS consensus guidelines for standard of care in neuroendocrine tumours: surgery 
for small intestinal and pancreatic neuroendocrine tumours. Neuroendocrinology 2017;105:255–65.

[92] Pawa N, Clift AK, Osmani H, et al. Surgical management of patients with neuroendocrine neoplasms of the appendix: ap-
pendectomy or more. Neuroendocrinology 2018;106:242–51.

[93] Galanopoulos M, Toumpanakis C. The problem of appendiceal carcinoids. Endocrinol Metab Clin North Am 2018;47:661–9.
[94] Toumpanakis C, Fazio N, Tiensuu Janson E, et al. Unmet needs in appendiceal neuroendocrine neoplasms. 

Neuroendocrinology 2019;108:37–44.
[95] Mohamed A, Wu S, Hamid M, et al. Management of appendix neuroendocrine neoplasms: insights on the current guidelines. 

Cancers 2022:15.
[96] Rault-Petit B, Do Cao C, Guyétant S, et al. Current management and predictive factors of lymph node metastasis of appendix 

neuroendocrine tumors: a national study from the french group of endocrine tumors (GTE). Ann Surg 2019;270:165–71.
[97] Nesti C, Bräutigam K, Benavent M, et al. Hemicolectomy versus appendectomy for patients with appendiceal neuroendocrine 

tumours 1–2 cm in size: a retrospective, Europe-wide, pooled cohort study. Lancet Oncol 2023;24:187–94.
[98] Ramage JK, Valle JW, Nieveen van Dijkum EJM, et al. Colorectal neuroendocrine neoplasms: areas of unmet need. 

Neuroendocrinology 2019;108:45–53.
[99] Shields CJ, Tiret E, Winter DC. Carcinoid tumors of the rectum: a multi-institutional international collaboration. Ann Surg 

2010;252:750–5.
[100] Gao X, Wang Y, Peng Q, et al. Modified cap-assisted endoscopic mucosal resection versus endoscopic submucosal dissection 

for the treatment of rectal neuroendocrine tumors ≤10 mm: a randomized noninferiority trial. Am J Gastroenterol 
2022;117:1982–9.

[101] Abdel-Rahman O, Rahbari N, Reissfelder C, et al. Outcomes of non-metastatic poorly differentiated gastroenteropancreatic 
neuroendocrine neoplasms treated with surgery: a real-world population-based study. Int J Colorectal Dis 2021;36:941–7.

[102] Pommergaard HC, Nielsen K, Sorbye H, et al. Surgery of the primary tumour in 201 patients with high-grade gastro-
enteropancreatic neuroendocrine and mixed neuroendocrine-non-neuroendocrine neoplasms. J Neuroendocr 
2021;33:e12967.

[103] Shi M, Fan Z, Xu J, et al. Gastroenteropancreatic neuroendocrine neoplasms G3: novel insights and unmet needs. Biochim 
Biophys Acta Rev Cancer 2021;1876:188637.

[104] Li MX, Lopez-Aguiar AG, Poultsides G, et al. Surgical outcomes of gastro-entero-pancreatic neuroendocrine tumors G3 versus 
neuroendocrine carcinoma. J Surg Oncol 2022;126:689–97.

[105] Alheraki SZ, Almquist DR, Starr JS, et al. Treatment landscape of advanced high-grade neuroendocrine neoplasms. Clin Adv 
Hematol Oncol 2023;21:16–26.

[106] Gao C, Li Y, Zhan H, et al. Diagnostic role and prognostic value of tumor markers in high-grade gastro-enteropancreatic 
neuroendocrine neoplasms. Pancreatology 2023.

[107] Rinke A, Auernhammer CJ, Bodei L, et al. Treatment of advanced gastroenteropancreatic neuroendocrine neoplasia, are we on 
the way to personalised medicine? Gut 2021;70:1768–81.

[108] Ziogas IA, Tasoudis PT, Borbon LC, et al. Surgical management of G3 gastroenteropancreatic neuroendocrine neoplasms: a 
systematic review and meta-analysis. Ann Surg Oncol 2023;30:148–60.

[109] Holmager P, Langer SW, Kjaer A, et al. Surgery in patients with gastro-entero-pancreatic neuroendocrine carcinomas, 
neuroendocrine tumors G3 and high grade mixed neuroendocrine-non-neuroendocrine neoplasms. Curr Treat Options 
Oncol 2022;23:806–17.

[110] Merola E, Rinke A, Partelli S, et al. Surgery with radical intent: is there an indication for G3 neuroendocrine neoplasms? Ann 
Surg Oncol 2020;27:1348–55.

[111] Goretzki PE, Mogl MT, Akca A, et al. Curative and palliative surgery in patients with neuroendocrine tumors of the gastro- 
entero-pancreatic (GEP) tract. Rev Endocr Metab Disord 2018;19:169–78.

[112] Maxwell JE, Sherman SK, O’Dorisio TM, et al. Liver-directed surgery of neuroendocrine metastases: what is the optimal 
strategy? Surgery 2016;159:320–33.

[113] Chan DL, Hayes AR, Karfis I, et al. Dual [(68)Ga]DOTATATE and [(18)F]FDG PET/CT in patients with metastatic gastro-
enteropancreatic neuroendocrine neoplasms: a multicentre validation of the NETPET score. Br J Cancer 2023;128:549–55.

[114] Söreide JA, van Heerden JA, Thompson GB, et al. Gastrointestinal carcinoid tumors: long-term prognosis for surgically treated 
patients. World J Surg 2000;24:1431–6.

[115] Boyar Cetinkaya R, Aagnes B, Myklebust T, et al. Survival in neuroendocrine neoplasms; a report from a large Norwegian 
population-based study. Int J Cancer 2018;142:1139–47.

K. Søreide, J. Hallet, N.B. Jamieson et al. Best Practice & Research Clinical Endocrinology & Metabolism 37 (2023) 101786

14


	Optimal surgical approach for digestive neuroendocrine neoplasia primaries: Oncological benefits versus short and long-term ...
	Introduction
	Diagnostic work-up
	Surgery for primary NENs according to location
	Complications after surgery for GEP-NENs
	Esophageal NET
	Gastric NETs
	Duodenal NETs
	Pancreas NETs
	Small intestinal NETs
	Loco-regional SB-NETs with clinically negative nodal disease
	Loco-regional SB-NETs with clinically positive nodal disease
	Resection of primary SB-NETs with unresectable metastases

	Appendiceal NENs
	Colorectal NETs
	Advanced grade NENs (G3 and NECs) – any role for surgery?
	Long-term survival after resection of digestive NENs
	Summary
	Funding
	References




