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Abstract 

Purpose 

Type III gastric neuroendocrine neoplasms (g-NENs) have historically been regarded as aggressive tumours, 

hence current guidelines advocate radical surgery with lymph node dissection. Data on the roles of endoscopic 

or less extensive surgical resections are more limited. The aim of our study is to evaluate the clinicopathological 

features and long-term outcomes of patients undergoing endoscopic or limited surgical resection for localised 

grade 1 or 2 type III g-NENs when compared to radical surgery.  

Methods 

Retrospective analysis of all patients diagnosed with a localised grade 1 or 2 type III g-NENs across six tertiary 

NEN centers between 2006-2019.  

Results 

Forty-five patients were diagnosed with a potentially resectable grade 1 or 2 type III g-NEN of whom 36 

underwent either endoscopic or surgical resection. No statistically significant differences were found between 

the three resection groups in terms of patient age, tumour location, grade or size. Only tumour size was found 

to be significantly associated with poor clinical outcome (p=0.012) and ROC curve analysis identified tumour size 

>10mm as a negative predictor (AUC:0.8030, p=0.0021). Tumours >10mm were also more likely to be associated 

with lymph node metastases on imaging and histology (p=0.039 and p=0.026 respectively). 

Conclusions 

Localised grade 1 or 2 type III g-NENs had a good prognosis in this series. Tumour size >10mm was the most 

significant prognostic factor affecting patient outcome. Endoscopic resection or limited surgical resection is 

feasible and safe in small type III g-NENs which demonstrate favourable grade 1/2, well differentiated histology.  
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Introduction 
 
Gastric neuroendocrine neoplasms (g-NENs) are increasingly being identified with the use of upper 

gastrointestinal endoscopy and multiple studies have suggested that they account for approximately 7% of all 

digestive NENs [1]. Gastric NENs are classified into three distinct types [2,3] and these types have very different 

and distinct disease biology. Types I and II g-NENs are associated with high concentrations of plasma gastrin, tend 

to be well differentiated tumours and usually have a good long-term prognosis [3,4].  

Historically, type III g-NENs represent <20% of all gastric NENs [5] and have been considered to be sporadic, 

gastrin independent, large tumours (over 2cm), presenting at a higher grade (usually G3) [6,7] and having greater 

metastatic potential and poorer prognosis. They frequently demonstrate more aggressive features of poor 

differentiation, lymphovascular invasion (LVI) and tumour infiltration beyond the submucosal layer [8]. Due to 

their more aggressive behaviour, surgical resection, in the form of a partial or total gastrectomy with lymph node 

(LN) dissection, remains the recommended treatment according to the ENETS consensus guidelines [4]. However, 

recent National Comprehensive Cancer Network (NCCN) guidelines [9] have proposed that endoscopic resection 

may be sufficient for small (<10mm), superficial, low grade type III g-NENs or wedge resection can be considered 

if there is no evidence of lymphadenopathy on endoscopic ultrasound (EUS). 

Gastric NEN grading is based on the most recent World Health Organisation classification, taking into 

consideration tumour differentiation, mitotic count and Ki-67% proliferation index [10]. Although tumour grade 

has been shown to be the strongest negative prognostic factor in digestive NENs from the pancreas and jejunum-

ileum [11-13], its role in gastric NENs remains less clear due to a lack of robust data. A recent systematic review 

suggested that the majority of type III g-NENs diagnosed in the modern day have a lower grade than historically 

reported [2]. Moreover, tumour size is reported by international guidelines to be one of the most relevant factors 

affecting patient management, with tumours of larger size warranting a more aggressive therapeutic approach 

and a more intensive surveillance programme [14,4,9]. 

Only a few previous studies have explored the roles of endoscopic resection [15] and/or gastric wedge resection 

[16,17] as curative treatments for certain type III g-NENs and these have reported favourable outcomes. 
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Aim 

To evaluate the clinicopathological features and long-term outcomes of patients undergoing local excision and 

in particular endoscopic or limited surgical resection, for localised grade 1 or 2 type III g-NENs when compared 

to radical surgery.  

Materials and Methods 

Patient selection 

We performed a multicenter retrospective analysis of all consecutive patients diagnosed with a localised low 

grade type III gastric neuroendocrine neoplasm (g-NEN) across six tertiary centers (four in the UK, one in Greece 

and one in Israel) between November 2006 and January 2019 and identified patients using institutional 

databases. Inclusion criteria were: histologically confirmed type III g-NEN with normal fasting plasma gastrin 

concentration; no evidence of Multiple Endocrine Neoplasia (MEN)-1 on clinical, biochemical and imaging 

criteria; no evidence of atrophic gastritis on background gastric biopsies and negative anti gastric parietal cell 

and/or intrinsic factor antibodies; grade 1 or 2 well differentiated tumours; localised disease on endoscopic, 

cross-sectional and/or functional imaging; details available about all interventional procedures; regular 

endoscopic follow-up at a NEN Unit or at a Gastroenterology department linked to a NEN Unit. Exclusion criteria 

were: grade 3 neuroendocrine tumours or neuroendocrine carcinomas; evidence of non-regional lymph nodes 

(that would not be included in the surgical resection margin) and distant metastases at diagnosis; incomplete 

follow up. 

Clinical data, including demographics features, tumour characteristics and treatment outcomes were obtained 

through medical records locally. No ethical approval was required for this study, but local approvals from 

respective Hospital Audit Departments were granted.  

Indications for the treatment modality that was advocated varied between institutions. Endoscopic resection 

was performed in some patients who had a type-III g-NEN of up to two centimeters in diameter with a Ki-67 

index of <10%. For the patients treated with surgery, a limited surgical resection was defined as a gastric wedge 

resection without lymphadenectomy and radical surgery as a subtotal or total gastrectomy with D2 lymph node 

dissection. All patients underwent oesophagogastroduodenoscopy (OGD) and abdominal CT scan as part of the 

staging process prior to treatment. Endoscopic ultrasound and functional imaging in the form of 68Ga DOTA-
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peptide PET/CT or 111In-Octreotide scan and/or 18F-FDG PET/CT were undertaken according to local protocols. 

Histological tumour grade was based on the most recent WHO classification [18]. Grade 2 tumours were 

subdivided into those which were low G2 (Ki-67 index 3-10%) and high G2 (Ki-67 index 11-20%). Follow-up was 

undertaken again according to local protocols. All cases were discussed and treatment planned at the local NEN 

multidisciplinary team meeting.  

Statistical Analysis 

Ordinary one-way ANOVA was used for continuous variables and Kruskal-Wallis test for non-normally distributed 

data for comparisons between treatment groups. A composite negative endpoint was defined to identify patients 

who had a poor clinical outcome and was considered to have occurred if any of the following events were 

observed: tumour-related death, presence of metastases and evidence of recurrence on follow-up. Logistic 

regression was used to identify possible predictors of this negative endpoint. Receiver operating characteristic 

(ROC) curve analysis was used to identify the cut-off for tumour size as a predictor of presence of the composite 

endpoint. A comparison between subgroups was carried out using the Fisher exact test for non-continuous 

variables. Differences were considered significant at p <0.05. Statistical analysis was performed using GraphPad 

Prism version 8.4.0 for Windows, GraphPad Software, La Jolla California USA, www.graphpad.com. 

Results 

Cohort characteristics 

Six centers contributed to this project (Figure 1). We identified 45 patients who had grade 1 or 2 and potentially 

resectable type III g-NENs and they had a median age of 56 years (IQR:46-67) (Table 1, Supplementary Fig 1). 

Initial management included 3 patients who underwent medical management due to patient choice and/or 

significant comorbidities. Six additional patients who had very small polyps appear to have been successfully 

treated by avulsion biopsy at the time of initial diagnostic OGD (median tumour size 3mm (IQR:3-5mm)). These 

six patients underwent yearly endoscopic follow up as well as CT or MRI imaging with no evidence of recurrence 

during a median follow up of 55 months (IQR:4-114 months). The remaining 36 patients underwent either 

planned endoscopic resection or planned surgical resection (wedge resection/radical surgery) based on local 

management protocols (Figure 1). All 36 patients had a CT scan and 7 of these scans demonstrated evidence of 

locoregional lymph node metastasis. Endoscopic ultrasound was performed in 15 of the patients who underwent 
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a planned resection, including 9 of the 10 cases who underwent endoscopic resection. None of these EUS 

examinations showed evidence of lymph node metastases. EUS was not performed in 21 patients who 

underwent a planned resection, but it was not clinically indicated in the 7 patients who demonstrated lymph 

node metastases on CT scan or in a further 7 patients who had lesions ≥20mm in diameter, suggesting that they 

should have a surgical resection from the outset. Functional imaging (either 68Ga DOTA-peptide PET/CT or 111In-

Octreotide scan and/or 18F-FDG PET/CT) was performed in 21 (58%) of the patients who underwent a planned 

resection. 15 examinations showed somatostatin receptor positive disease and the single 18F-FDG PET/CT scan 

was tracer inavid. Only one functional imaging scan showed evidence of nodal metastases, but these were also 

detected by CT scan. Median follow up for the group that underwent resection was 62 months (IQR:14-93). 

Overall, two tumour recurrences were noted, and no NEN related deaths were recorded during the entire follow 

up period.  

Clinicopathological features  

The majority of tumours were located in the gastric body in all patient groups (Table 1, Supplementary Fig 1). 

Most tumours in this series (87%) were less than 20mm in diameter and nearly 50% were between 10 and 20mm 

(median 12mm, IQR:8-20mm, R:1-80mm). 91% of patients had a Ki-67 index <10% (median 3%, IQR:2-5%, R:1-

15%). In the patients who underwent tumour resection, no statistically significant differences were found 

between the three resection groups in terms of patient age, tumour location, grade or size. 

Factors corelated with negative endpoint 

Gender, age at diagnosis, tumour grade, Ki-67% and tumour location were not associated with the composite 

negative endpoint on univariate analysis by logistic regression. Only tumour size was found to be a significantly 

associated with poor clinical outcome (p=0.012, OR:0.9, 95% CI:0.8-0.97). When ROC curve analysis was 

performed, a tumour cut off size of 10mm was identified as a negative predictor of poor clinical outcome 

(AUC:0.8030, p=0.0021, Figure 2). Tumour size was also significantly associated with the composite negative 

outcome using a multivariate logistic regression model (p=0.0055, OR:0.85, 95% CI:0.74-0.94) (Table 2). When 

comparing groups based on tumour size; tumours larger than 10mm were more likely to have lymph node 

metastases on imaging and histology (p=0.039 and p=0.026 respectively) and were also more likely to be 
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associated with the composite negative endpoint. Tumours measuring more than 12mm were also significantly 

more likely to demonstrate lymphovascular invasion (LVI) (Table 3).  

Management of tumour recurrences 

During follow up, two patients demonstrated tumour recurrence. The first patient had an 11mm G2 tumour (Ki-

67 index 5%) and was originally treated by endoscopic resection. He presented 48 months later with a local 

recurrence. Functional imaging also demonstrated small metastatic lesions in the left lobe of the liver. The 

patient underwent a laparoscopic subtotal gastrectomy, liver metastatectomy and cholecystectomy. He is alive, 

but with residual stable liver disease after 56 months of follow-up and is currently receiving long acting 

somatostatin analogue injections. Apart from tumour size >10mm, no other adverse features were indentified 

on histology. The second patient had a 40mm G2 tumour (Ki-67 index 7%) and underwent a wedge resection 

with final histology being T2N1M0. Liver metastases were detected 96 months post operatively and the patient 

underwent a metastatectomy. He remains alive and free of radiological evidence of NEN 36 months after liver 

resection.  

Discussion 

Type III g-NENs are rare, sporadic tumours that are not associated with any underlying gastric mucosal 

abnormality or hypergastrinaemia. In some historic published cohorts, more than 70% of type III gastric NENs 

were larger than 10 mm at the time of diagnosis, and these tumours tended to infiltrate the muscularis propria 

and/or be angioinvasive, thus accounting for the high rate of metastases found at presentation (75%)[19,20]. 

The current gold standard of treatment for localised type III gastric NENs is therefore surgical resection with 

lymphadenectomy [4]. However, a less radical approach has been proposed in specific circumstances and recent 

studies have investigated the role of less aggressive surgical techniques and endoscopic resection in selected 

groups of patients [15-17].  

Kwon et al [15] evaluated the long-term outcomes following endoscopic resection in 50 patients with type III g-

NENs and concluded that tumours fulfilling certain criteria could initially be successfully managed endoscopically. 

These criteria were: size less than 20mm, depth of invasion confined to the submucosal layer and no evidence of 

LVI. All patients underwent EUS as part of tumour assessment. Although LVI was noted in larger tumours, there 

was no statistically significant difference between different tumour size groups and all patients who had LVI 
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underwent further operation. However, the study used CT scans for staging and EUS was only used to determine 

the depth of tumor invasion rather than lymph node status. Min et al [16] also suggested recently that surgical 

wedge or endoscopic resection were valid treatment options for patients who had grade 1 type III g-NENs no 

larger than 15mm if the tumour was confined to the submucosal layer and there was no evidence of LVI. A recent 

retrospective multicenter study in Japan [17] also investigated the suitability of endoscopic resection in grade 1 

and 2 type III g-NENs and suggested in that endoscopic resection may be an alternative treatment for <10mm 

grade 1 tumours that were confined to the mucosa or submucosa. 

Criteria for selecting patients for endoscopic or local resection (without formal lymph node dissection) have now 

been accepted for managing early gastric adenocarcinomas using endoscopic mucosal resection or laparoscopic 

wedge resection[21,22] and for selected NENs at other sites such as the appendix (by simple appendectomy) [23] 

and rectum (through transanal excision) [24]. These criteria have been developed by defining those subgroups 

of tumors which are associated with a low rate of lymph node metastasis. 

In our study we have evaluated the clinicopathological features of a cohort of patients who had localised grade 

1 or 2 type III g-NENs and have demonstrated that these patients had an excellent overall prognosis. We showed 

that tumour size was the single most significant prognostic factor affecting patient outcome, irrespective of Ki-

67 index, gender, age and tumour location. A tumour cut off size of >10mm was identified as being more likely 

to be associated with LN metastases, not only on pre-operative imaging, but also on post-operative histology. 

Furthermore, tumours >10mm in diameter were more likely to be associated with the composite negative 

endpoint of tumour recurrence, disease progression or death.   

Tumour size, degree of tumour infiltration or layer of origin within the stomach wall, and presence or absence of 

metastatic loco-regional lymph nodes are best assessed using EUS [25]. The utilisation of EUS to determine the 

depth of invasion, but most importantly the presence of lymph node metastases is important for risk 

stratification [26] and further management. EUS has been used extensively in diagnosing gastroenteropancreatic 

NENs with high sensitivity (87.2%) and specificity (98%) [27,28] and has been incorporated as part of the 

diagnostic algorithm in both pancreatic and rectal NENs [24,29] in the current ENETS guidelines. In our series 

9/10 patients undergoing endoscopic resection were staged with EUS. All tumours were between 6-20mm and 

they all demonstrated no evidence of LN metastases.  
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Furthermore, in our study, we also identified six patients who were treated apparently successfully by avulsion 

biopsy at the time of initial diagnostic OGD. These patients all had small tumours (<7mm) that were confined to 

the muscularis mucosa. Only one patient had a grade 2 tumour (Ki-67 9%), but as that lesion was only 3mm in 

diameter and the patient had significant co-morbidities of type 2 diabetes mellitus and chronic kidney disease 

stage 5 and was receiving renal replacement therapy, endoscopic surveillance was deemed more appropriate 

than further resection. Although these patients should ideally have undergone formal planned endoscopic 

resection rather than avulsion biopsy, there was no macroscopic evidence of residual tumour during follow up 

OGD, hence they were placed in an endoscopic surveillance programme. Annual OGDs and imaging in the form 

of MRI or CT scan have not identified any recurrences in any of these six patients. Although we do not propose 

that avulsion/ strip biopsy is intentionally used to treat type III g-NENs, it is important to recognise that in certain 

cases successful resection may be achieved in this way.  

Our findings are in keeping with the recent systematic review by Exarchou et al [2] highlighting that low grade 

histology is associated with good prognosis and recognising the role of limited surgical resection and endoscopic 

management. Based on our findings and the current literature, we are in a position to propose an algorithm for 

the management of localised low grade, well differentiated type III g-NENs (Figure 3). Overall, all type III g-NENs 

should be assessed at baseline by endoscopy to determine size and location and by histology to establish grade 

and differentiation. CT scan and functional imaging tests are needed for accurate staging and evaluation of 

locoregional and metastatic disease. All patients who have evidence of lymph node or (resectable) distant 

metastases on imaging or grade 3 Ki-67 proliferation index or poor differentiation on histology should undergo 

definitive surgical resection if feasible and their management is outside the remit of this article.  

For G1 and G2 type III g-NENs, tumour size and LN status appear to the major factors which should influence 

management. The management of patients who have either small (<10mm) tumours or large (>20mm) tumours 

appears to be more easily defined. Most patients with tumours <10mm in size can be effectively managed initially 

be endoscopic resection. In the event of adverse histology margins, further endoscopic management or salvage 

wedge resection should subsequently be undertaken. Similarly, it is reasonably clear from the published series 

that type III g-NENs >20mm should be treated with radical surgery, given the increased risk of metastases. 
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We however propose that for tumours measuring 10-20mm, EUS should play a pivotal role in the assessment. If 

EUS shows no evidence of regional LN metastases, then patients can undergo a wedge resection. In the event of 

adverse histology such as an increase in grade in the resection specimen compared to the original biopsy, 

evidence of LVI, or invasion into the submucosal layer, radical surgery remains a subsequent option without 

compromising oncological outcome. If EUS demonstrates probable or definite metastatic LNs then radical surgery 

is advised at the outset. 

Our study has some limitations, primarily related to its design. It is a retrospective, observational, multicenter, 

non-randomised study. Although each case was discussed at the local NEN specialised multidisciplinary team 

meeting, each center had a different protocol for the assessment and management of type III g-NENs; therefore 

criteria for choosing a given therapeutic approach could not be standardised across all centers. Furthermore, 

even with the contribution of six centers, we only recruited 45 patients over a 13-year period. However, this is a 

rare tumour type and we only included patients who had localised grade 1 and 2 tumours in our study protocol 

as we were interested specifically in evaluating the effectiveness of endoscopic and limited surgical resection 

options. Even Hirawasa et al [17] only identified 144 patients during a 28 year study period in a study which 

covered the whole of Japan. Therefore; in spite of the relatively small study population, our series is one of the 

largest in the published literature and confirms recent observations from Japan in a Western population.  

In conclusion, we have identified that a cut off size of 10mm in type III g-NENs appears to predict a negative long-

term outcome. Furthermore, definitive treatment by endoscopic resection or limited surgical resection is feasible 

and safe in type III g-NENs which demonstrate favourable low grade and well differentiated histology and small 

size (<10mm). Tumours 10-20mm warrant further assessment with EUS for risk stratification before considering 

the most appropriate mode of resection.
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Tables 

Table 1: Overall and Treatment group characteristics 

  All patients 
Avulsion Biopsy 

Treated 
Resected 
patients 

Total/Subtotal 
Gastrectomy 

Wedge Resection 
Endoscopic 
Resection 

n 45 6 36 10 16 10 

Age, years 
Median 
IQR, R 

 
56 

47-67, 25-80 

 
62 

57-65, 29-67 

 
54 

45-66,25-77 

 
57 

47-70, 34-77 

 
54 

46-64, 32-75 

 
54 

44-65, 25-69 

Sex, n (%) 
Male 
Female 

  
 24 (53) 

21 (47) 

 
1 (17) 
5 (83) 

 
20 (56) 
16 (44) 

 
5 (50) 
5 (50) 

 
9 (56) 
7 (44) 

 
6 (60) 
4 (40) 

Tumour Size, mm 
Median  
IQR, R 

 
12 

8-20,1-40 

 
3 

3-5, 1-7 

 
14 

9-20,6-40 

 
16.5 

12-21,8-40 

 
13 

9-25,6-40 

 
10 

8-15,7-20 

Tumour Site, n (%) 
Antrum 
Body 
Fundus 

 
3 (7) 

36 (80) 
6 (13) 

 
0 (0) 

5 (83) 
1 (17) 

 
2 (6) 

29 (81) 
5 (14) 

 
1 (10) 
8 (80) 
1 (10) 

 
1 (6) 

13 (81) 
2 (13) 

 
0 (0) 

8 (80) 
2 (20) 

Tumour Grade, n (%) 
G1- Ki-67 <3% 
Low G2- Ki-67 3-10% 
High G2- Ki-67 11-20% 
Unknown 

 
22 (49) 
19 (42) 

3 (7) 
1 (2) 

 
0 (0) 

5 (83) 
1 (17) 
0 (0) 

 
15 (42) 
17 (47) 

3 (8) 
1 (3) 

 
4 (40) 
5 (50) 
1 (10) 
0 (0) 

 
6 (38) 
7 (44) 
2 (13) 
1 (6) 

 
5 (50) 
5 (50) 
0 (0) 
0 (0) 

Staging, n (%) 
EUS 
CT scan 
68Ga  DOTA PET/CT or 
111In Octreoscan 
18F-FDG PET/CT 

 
17 (38) 

45 (100) 
25 (56) 

 
2 (4) 

 
0 (0) 

6 (100) 
1 (17) 

 
0 (0) 

 
15 (42) 

36 (100) 
21 (21) 

 
1 (1) 

 
1 (10) 

10 (100) 
5 (50) 

 
0 (0) 

 
5 (31) 

16 (100) 
10(63) 

 
1 (6) 

 
9 (90) 

10 (100) 
6 (60) 

 
0 (0) 

Follow up, months 
Median 
IQR, R 

 
56 

14-86,4-290 

 
55 

19-82, 4-114 

 
62 

14-92,6-290 

 
77 

73-117, 34-179 

 
62 

20-96,6-290 

 
23 

12-54,6-258 

Recurrence, n (%) 2 (4) 0 (0) 2 (6) 0 (0) 1 (6) 1 (10) 

G1: grade 1; G2: grade 2; p>0.05 for all comparators 
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Table 2: Factors associated with negative endpoint 

Factor OR 95% CI p value 

Univariate analysis 

Male gender 0.8333 0.2171-3.187 0.7871 

Age at diagnosis 1.005 0.9584-1.054 0.8186 

Tumour Size 0.8913 0.8040-0.9667 0.012 

Grade 0.3760 0.1191-1.049 0.0722 

Ki-67% 0.9114 0.7555-1.098 0.3117 

Location 1.612 0.3574-8.697 0.5444 

Multivariate analysis 

Male gender 0.5471 0.07966-3.355 0.5156 

Age at diagnosis 1.009 0.9451-1.079 0.7758 

Tumour Size 0.8509 0.7431-0.9388 0.0055 

Ki-67% 0.9298 0.7531-1.149 0.4804 

Location 2.018 0.3706-14.11 0.4338 

Negative endpoint was considered to have occurred if any of the following events were observed: tumour-related death, 
presence of metastases and evidence of recurrence on follow-up. 
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Table 3: Size and negative outcome factors 

Size (mm) <10 >10 p 
value* 

<12 >12 p value <14 >14 p value 

LN metastases on 
imaging 
Yes 
No 

 
0 

16 

 
7 

22 
0.040 

 
0 

19 

 
7 

19 
0.016 

 
0 
7 

 
26 
12 

0.001 

LN metastases on 
histology 
Yes 
No 

 
 

0 
8 

 
 

11 
13 

 
0.029 

 
 

1 
10 

 
 

10 
11 

 
0.050 

 
 

1 
14 

 
 

10 
7 

 
0.003 

LVI 
Yes 
No 

 
1 
9 

 
9 

12 
0.106 

 
1 

11 

 
9 

10 
0.046 

 
3 

13 

 
7 
8 

0.135 

Composite Negative 
Endpoint 
Yes 
No 

 
 

0 
16 

 
 

12 
17 

 
0.004 

 
 

2 
16 

 
 

10 
17 

 
0.086 

 
 

2 
24 

 
 

10 
9 

 
0.0014 

LN: Lymph node; LVI: lymphovascular invasion; *Fisher’s exact 
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Figure Legends 

Fig. 1. Cases per centre and initial management. 

 

 
 

Fig. 2. Receiver operating characteristic (ROC) curve analysis of size of Type 3 NEN as negative outcome 

predictor. The cut off was 10mm. 
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Fig. 3. Management algorithm for localised Type III G1 and G2 g-NENs 
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Supplementary Material 

Fig. 1: Flow diagram of Type III g-NEN patients 
 

 


