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Abstract 

Aim: Surgery is the only modality of cure in patients diagnosed with neuroendocrine tumours 

(NETs). The aim of this study was to identify prognostic factors associated with disease 

relapse in patients with NETs treated by potentially-curative surgery. 

Methods: Sequential patients registered in The Christie European NET Society (ENETS) 

Centre of Excellence, with grade (G)1 or G2 NETs who had undergone curative surgery 

(February 2002-June 2014) were included. Investigated prognostic factors for relapse were: 

age, gender, TNM stage, tumour-localisation, functionality, genetic predisposition, presence 

of multiple NETs, second malignancy, grade (Ki-67-based), presence of vascular and/or 

perineural invasion, necrosis, surgical margin (R0/R1), Eastern Cooperative Oncology Group 

performance status and Adult Comorbidity Evaluation co-morbidity score. 

Results: One hundred and eighty-eight patients were identified [median age of 60 years 

(range 16-89)]. With a median follow-up of 2.6 years, 43 relapses occurred. The estimated 

median relapse-free survival (RFS) for the entire cohort was 8.0 years (95% confidence 

interval [CI] 5.9-10.0 years). In univariate analysis, primary NET location (p=0.01), ENETS T-

(HR-1.4; 95%-CI 1.0-2.0, p=0.026), N-(HR-2.0, 95%-CI 1.1-3.9, p=0.026) and M-stage (HR-

2.6, 95%-CI 1.1-6.3, p=0.052), grade (Ki-67%-based) (HR-2.5; 95%-CI 1.4-4.7; p=0.003) and 

perineural invasion (HR-2.1; 95%-CI 1.1-3.9; p=0.029) were prognostic for relapse. Factors 

remaining significant after multivariable analysis were tumour size (HR-1.67; 95%-CI 1.04-

2.70; p=0.03), nodal involvement (HR-2.61; 95%-CI 1.17-5.83; p=0.013) and Ki-67 at the 

time of diagnosis (HR-1.93; 95%-CI 1.24-3.0; p=0.002). 

Conclusion: Size of tumour, lymph node involvement and Ki-67 were independent prognostic 

factors for relapse after potentially curative surgery in NET.  

 

Keywords: neuroendocrine tumour, prognosis, recurrence 
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1. Introduction 

A diagnosis of neuroendocrine tumour (NET) is rare, representing 0.5% of all 

malignancies[1]. However, published studies show that a diagnosis of NET is increasing[2,3]. 

The five-year overall survival varies widely (19-93%), depending on prognostic factors[1]. 

This percentage is about 82-92% for patients with curatively resected pancreatic NETs[4,5]. 

About two thirds of NETs are of gastrointestinal or pancreatic origin[3] and 12-22% of all 

patients with a NET diagnosis present with metastatic disease[1]. 

As with most cancers, resection is the primary treatment for a localised NET. If distant 

metastases are present, it is possible in some cases to perform resection of the primary 

tumour and metastases with curative intent[6]. 

Despite curative intent, relapse occurs frequently in patients with NET. The overall five year 

relapse-free survival after potentially curative surgery is about 60%[7,8], although this rate is 

worse for pancreatic NETs[7,8]. To our knowledge, seven studies have been published 

evaluating prognostic factors for relapse after potentially curative resection of NETs[4,7,9–

13], in cohorts varying between 53 and 263 patients. Only one study included all primary 

locations of NET[7]. As these studies report differing results, we cannot draw firm 

conclusions as to which are the predominant prognostic factors for relapse after potentially 

curative resection of NET. Moreover, there are no established adjuvant therapies to date 

which have been shown to improve relapse-free or overall survival following surgery. The 

role of chemotherapy in the treatment of patients with NETs has mostly been investigated in 

those with metastatic disease, and demonstrated more efficacy in those with higher grade 

tumours[14]. In patients with advanced well differentiated pancreatic neuroendocrine 

tumours, streptozotocin seems most effective[14]. However, the combination of 

temozolomide with capecitabine has also shown promise[15]. Studies utilising chemotherapy 

in patients with advanced gastrointestinal neuroendocrine tumours are predominantly 

retrospective and have low patient numbers with a consequent lack of control group 

inclusion[14]. The potential for the use of adjuvant intraoperative post-dissectional tumour 

bed chemotherapy - has recently been reported and may be an interesting development[16]. 
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The aim of this current study was to determine the prognostic factors for disease relapse, 

following potentially curative surgery for NET, over an approximate 12-year period. The 

information gleaned from this study may enable informed proposals for adjuvant clinical trials 

in NET patients who have had definitive surgery. Currently, adjuvant systemic therapy does 

not play any role in the treatment of resectable, well differentiated NETs[6].  
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2. Patients and Methods 

2.1 General 

All patients registered with The Christie ENETS Centre of Excellence, with grade (G) 1 or G2 

NETs who had undergone curative surgery between February 2002 and June 2014 were 

included in this retrospective analysis. Research was carried out as per local institutional 

ethical guidelines. 

 

All patients with NETs were identified from the local records and screened for eligibility. 

Inclusion criteria for patients in this study were: all patients with an age ≥16 years at the time 

of diagnosis, treated with potentially curative R0 or R1 resection with a histological diagnosis 

of a well differentiated grade (G) 1 or grade 2 NET (Ki-67 ≤20%). Curative surgery was 

defined as surgery for local disease, or advanced/metastatic disease which was also 

considered potentially curable by surgery. 

If histological diagnosis was known prior to surgery and patients did not present as an 

emergency, all patients had staging imaging (CT scan, MRI liver as appropriate and 

Octreotide scan), biochemical and haematological blood tests, and serum chromogranin 

(CgA)/serum 5-hydroxyindoleacetic acid (5-HIAA). 

Patients with R2 resections and patients with unknown R status, G3 NETs, mixed adeno-

neuroendocrine carcinomas and goblet cell carcinoids were excluded.  

Data that was retrospectively analysed, by case note review, and included date of birth and 

diagnosis, date of surgery, primary tumour location, TNM stage, grade including Ki-67 index, 

presence of vascular invasion, presence of perineural invasion, necrosis, R0 or R1 resection, 

hormone production, genetic predisposition for NET, presence of multiple NETs, presence of 

other active malignancy, adjuvant treatment, Eastern Cooperative Oncology Group 

(ECOG)[17] performance status and Adult Comorbidity Evaluation (ACE)[18] score, date of 

relapse including site (when applicable), date and cause of death (when applicable). 

Pathological review was carried out on all cases at The Christie but there was still non-

availability of some details. 
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Primary tumour localisation was divided into small bowel, colon/caecum/rectum, appendix, 

pancreas, bronchopulmonary and others (gastric and ovarian NET). For staging and grading, 

the ENETS guidelines were used[19,20],[21]. Functionality was also recorded. Serum 5-

HIAA and CgA levels were recorded. In this study, an R0 resection indicated that all the 

resection margins were free of tumour, an R1 resection was recorded when resection 

margins were involved by tumour, or tumour involvement was within 1 mm.  

 

At The Christie, follow-up investigations were performed according to the most recent 

ENETS guidelines[22], with follow-up CT imaging and/or octeotride scans performed post-

surgery. 

 

2.2 Statistics 

All data were analysed using the statistical programmes Stata 13 and IBM SPSS Statistics, 

version 22. 

Results were presented as frequencies and percentages and as median (range) for 

continuous variables. Relapse-free survival (RFS) was defined as the time between surgical 

resection and date of last follow-up or date of death without any evidence of relapse. In 

cases of second resection (appendix primary), RFS was defined as time between second 

surgical resection and date of last follow-up or date of death without any evidence of relapse. 

Overall survival (OS) was defined as the time between surgical resection and date of last 

follow-up or death. The Kaplan-Meier method was used to analyse RFS and OS. Median 

RFS rates were estimated and 5-year RFS and OS were plotted. For patients with non-

availability of information for a specific factor, data was censored in the univariate analysis. 

Cox-regression was used for the univariate analyses. The partial likelihood ratio test was 

used to identify p values. Additional p values related to RFS were calculated using the ‘log-

rank’ test. All exploratory variables were included in the multivariable model and were fitted 

via a Cox regression. A backward elimination was performed from a full model in the subset 
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of cases with complete data. Variables were sequentially eliminated if their p-value after 

adjustment for the other variables in the model was >0.1. 
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3. Results 

3.1 Demographics 

In total, out of 795 patients with a diagnosis of NET, 188 patients were eligible (well 

differentiated NET and R0 or R1 resection) (Figure 1). The median post-operative follow-up 

time was 2.6 years (range 0.1-12.7 years). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Enrolment of patients 

 

The characteristics of the 188 patients are summarised in table 1. The median age at time of 

surgery was 60 years (range 16-89), 91 (48%) were male. 

Variable n (%) 

Age, median (years) (range) 60 (16-89) 

Gender 

Male 

Female  

 

91 (48.4%) 

97 (51.6%) 

Tumour localisation (primary) 

Small bowel 

Colon/caecum/rectum 

Appendix 

Pancreas 

Bronchopulmonary 

Others 

 

61 (32.4%) 

13 (7.0%) 

30 (16.0%) 

54 (28.7%) 

17 (9.0%) 

13 (6.9%) 

Assessed for eligibility (n=795 ) 

Included (n=188) 

Excluded (n=607) 

No curative surgery (n=538) 

No pathology report available (n=10) 

R2 resection (n=24) 

Goblet cell carcinoid (n=15) 

Unknown grade (n=5) 

Grade 3 histology (n=14) 

CT staging not performed (n=1) 
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Table 1: Patient and tumour characteristics from 188 patients with NET treated with 

potentially curative surgery (n=188) 

ECOG: Eastern Co-operative Oncology Group, ACE: Adult comorbidity evaluation. 

 

The most frequent primary location of NET in this cohort was the small bowel (n=61; 32.4%), 

followed by the pancreas (n=54; 28.7%) and the appendix (n=30; 16.0%). Table 2 provides 

information about stages at time of diagnosis for the three most predominant primary sites; 

small bowel was diagnosed at a more advanced stage. 

Location T1/T2 
n (%) 

T3/T4 
n (%) 

N0 
n (%) 

N1 
n (%) 

All 
n (%) 

Small bowel 
 

14 (23.0%) 45 (73.8%) 14 (23.0%) 47 (77.0%) 61 (100%) 

Pancreas 
 

31 (57.4%) 23 (42.6%) 28 (51.9%) 26 (48.1%) 54 (100%) 

Appendix 
 

17 (56.7%) 13 (43.3%) 17 (56.7%) 13 (43.3%) 30 (100%) 

Table 2: Tumour size and nodal involvement by primary location

Stage according to ENETS guidelines 

Primary tumour (T) 

T1 

T2 

T3 

T4 

Unknown 

Regional lymph nodes (N) 

N0 

N1 

Distant metastasis (M) 

M0 

M1 

 

 

46 (24.5%) 

52 (27.7%) 

60 (31.9%) 

26 (13.8%) 

4 (2.1%) 

 

92 (48.9%) 

96 (51.1%) 

 

177 (94.1%) 

11 (5.9%) 

ECOG performance status 

ECOG 0 

ECOG 1 

ECOG 2 

ECOG 3 

ECOG 4 

 

118 (62.8%) 

57 (30.3%) 

8 (4.3%) 

4 (2.1%) 

1 (0.5%) 

Overall comorbidity score 

ACE 0 

ACE 1 

ACE 2 

ACE 3 

 

77 (41.0%) 

80 (42.5%) 

27 (14.4%) 

4 (2.1%) 
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Size of tumour was unknown in four cases (2.1%). The most frequent reported ENETS T 

stage was T3 (n=60; 31.9%). At the time of NET diagnosis, half of the patients had nodal 

involvement (n=96; 51.1%) and 11 patients (5.9%) had distant metastases. 

 

Most NETs were not functional (n=164; 87.2%) at time of diagnosis. For the majority of the 

patients, 5-HIAA and CgA levels were not measured before treatment (n=131; 69.7% and 

n=129; 68.6%, respectively). A genetic predisposition for NET was rarely observed in this 

cohort (n=10; 5.3%), including multiple endocrine neoplasia (MEN-1) syndrome (n=7), 

neurofibromatosis (n=1) and von Hippel-Lindau syndrome (n=2). 

 

The presence of multiple NETs was observed in 18 cases (9.6%) and in 33 cases (17.6%) a 

second malignancy was present, such as breast cancer or prostate cancer.  

The majority of patients had G1 well differentiated NETs (n=138; 73.4%). Vascular invasion 

(n=75; 39.9%) was more often observed than perineural invasion (n=50; 26.6%). Vascular 

invasion and perineural invasion were unknown in 18 cases (9.8%). Tumour necrosis was 

only reported in 10 cases (5.3%) and in 9 cases (4.8%) tumour necrosis was unknown. The 

resection margin status was R0 in 155 patients (82.4%). 

 

Patients had one surgical resection in 176 cases (93.6%). More than one surgical procedure 

was performed in 12 cases (6.4%), of which the most common scenario was an incidental 

finding of NET in the appendix, discovered by emergency laparotomy, needing additional 

surgery. Adjuvant therapy (chemotherapy) was rarely given in this cohort (n=2; 1.1%). 

 

3.2 Relapse 

A total of 43 relapses occurred in the cohort of 188 patients after a median follow-up time of 

2.6 years (range 0.2-9.4 years). Eighteen relapses occurred in the small bowel (out of 61; 

30%), none in colon/caecum/rectum (out of 13), two in the appendix (out of 30; 7%), 17 in the 

pancreas (out of 54; 31%), three in bronchopulmonary (out of 17; 18%) and three in the 
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“others” subgroup (out of 13; 23%). The majority of the relapses were distant metastases 

(n=38; 88.4%). Local relapse occurred in five patients (11.6%). 

The median RFS for the whole cohort was 8.0 years (95% CI 5.9-10.0 years) and the 

estimated 5 year RFS was 62.1%. Thirty six relapses (83.7%) occurred within the first five 

years after surgery. The longest time between surgery and relapse was 9.4 years. 

 

Cox-regression univariate analysis was performed and included the following variables (table 

3): age, gender, primary tumour location, ENETS stage, functionality, genetic predisposition, 

grade, presence of vascular and perineural invasion, tumour necrosis and surgical margin. 

Univariate analysis could not be performed on production of 5-HIAA and CgA because of 

non-availability of information.  

Hazard ratio and 95% confidence interval (CI) could not be calculated for primary tumour 

location of the subgroup colon/caecum/rectum, because no relapses occurred in this 

subgroup. Primary tumour location appeared a significant prognostic factor for relapse 

(p=0.01) (HR 0.18; 95% CI 0.04-0.77), of which NET of the appendix had the best prognosis. 

 

Univariate analysis   

Variable HR (95% CI) p 

Age ≥60 years 1.06 (0.57-1.95) 0.864 

Gender 1.01 (0.55-1.83) 0.985 

Primary tumour localisation 

Small bowel 

Colon/caecum/rectum 

Appendix 

Pancreas 

Bronchopulmonary 

Other 

 

1.00 (reference) 

- 

0.18 (0.04-0.77) 

1.06 (0.54-2.08) 

1.87 (0.53-6.49) 

0.33 (0.09-1.19) 

 

0.010 

Stage according to ENETS 

Primary tumour (T) 

Regional lymph nodes (N) 

Distant metastasis (M) 

 

1.45 (1.04-2.01) 

2.04 (1.06-3.92) 

2.63 (1.10-6.27) 

 

0.026 (trend test) 

0.026 

0.052 

Production of gut hormones 2.29 (1.00-5.24) 0.073 

Multiple NET 1.18 (0.48-2.86) 0.725 

Other active malignancy 0.60 (0.25-1.42) 0.214 

Genetic predisposition 2.21 (0.91-5.37) 0.110 



12 
 

Table 3: Univariate (n=188) analysis of the prognostic factors for NET-relapse after 

potentially curative surgical resection (n=188). 

ECOG: Eastern Co-operative Oncology Group, ACE: Adult comorbidity evaluation. 

 

Stage (ENETS) was revealed as a significant prognostic factor for relapse. Risk for relapse 

was significantly elevated in patients with larger tumours (HR 1.45; 95% CI 1.04-2.01; 

0=0.026), in patients with positive lymph nodes (HR 2.04; 95% CI 1.06-3.91; p=0.026) and in 

patients with distant metastasis at time of diagnosis (HR 2.63; 95% CI 1.10-6.27; p=0.052). 

Pathological grade 2 (Ki-67-based)(HR 2.54; 95% CI 1.38-4.69; p=0.003) and perineural 

invasion (HR 2.11; 95% CI 1.09-4.09; p=0.029) were significant prognostic factors for relapse 

in univariate analysis. 

 

Kaplan-Meier RFS plots are presented in figure 2a-f for all significant prognostic factors for 

relapse revealed using univariate analysis. The RFS by primary tumour location is shown in 

figure 2a. Median RFS was not reached (NR) for the subgroups colon/caecum/rectum and 

appendix. Median RFS for patients with small bowel NET was 5.2 years, 6.6 years for 

pancreatic NET, 4.5 years for bronchopulmonary NET and 9.4 years for the group ‘others’.  

 

Grade (Ki-67 index based) 2.54 (1.38-4.69) 0.003 

Log (Ki-67) 2.04 (1.44-2.89) 0.000 

Presence of vascular invasion 1.65 (0.86-3.18) 0.126 

Presence of perineural invasion 2.11 (1.09-4.09) 0.029 

Tumour necrosis 1.60 (0.57-4.53) 0.405 

Surgical margin 1.80 (0.82-3.94) 0.165 

ECOG performance status 1.28 (0.83-1.97) 0.284 

ACE comorbidity score 0.80 (1.53-1.20) 0.275 
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Figure 2: Kaplan Meier relapse-free survival estimates (a) primary tumour site (information 

available in 188/188 (100%) patients) (b) T stage (information available in 184/188 (97.9%) 

patients), (c) N stage (information available in 188/188 (100%) patients), (d) M stage 

(information available in 188/188 (100%) patients), (e) Grade (Ki-67 index based) 

(information available in 188/188 (100%) patients), (f) Perineural invasion (information 

available in 170/188 (90.4%) patients. 
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Median RFS for stage T1 was 9.4 years, not reached  for stage T2, 5.4 years for stage T3 

and 5.0 years for stage T4 (figure 2b). Figure 2c illustrates the RFS categorised by nodal 

involvement, with a median RFS of 9.4 versus 5.4 years. There were significant differences 

in RFS dependent on distant metastases at the time of diagnosis (figure 2d). Median RFS 

was 7.9 years for M0 versus 3.1 years for M1 disease. Figure 2e demonstrates the RFS by 

grade. Median RFS was not reached  for grade 1 and the median RFS for patients with 

grade 2 NET was 4.6 years. Patients with perineural invasion showed a median RFS of 5.1 

years versus 9.4 years in those without perineural invasion (figure 2f). 

 
3.3 Overall Survival 

Twenty-one patients (11.2%) died during follow-up. Median OS was 7.6 years for patients 

with relapses and not reached for patients without relapses. The estimated 5-year OS was 

86.4%. 

No post-operative mortality was observed. The cause of death in the majority of the 21 

patients who died was unrelated to the diagnosis of NET in eleven patients (52.9%); eight 

(38.1%) patients died secondary to their diagnosis of a NET and in two (9.0%) cases, the 

reason for death was unknown. 

 

3.4 Multivariable analysis (relapse) 

All exploratory variables were included in the Cox-regression multivariable analysis. A 

backward elimination was performed from a full model in the subset of cases with complete 

data (153 cases with 37 relapses). Remaining prognostic factors in the multivariable model 

were primary tumour location, ENETS stage and Ki-67 index (table 4).  

 

Factors identified as independent prognostic factors for relapse were size of tumour (HR 

1.67; 95% CI 1.04-2.70, p=0.030), nodal involvement (HR 2.61; 95% CI 1.17-5.83; p=0.013) 

and Ki-67 index (HR 1.93; 95% CI 1.24-3.0; p=0.002). An elevated risk for relapse could not 

be confirmed for patients with distant metastases at the time of diagnosis (HR 2.59; 95% CI 
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0.97-6.97; p=0.079). Also, primary site was not confirmed as a significant prognostic factor 

for relapse (p=0.010).  

Table 4: Multivariable (n=153) analysis of prognostic factors for NET-relapse after potentially 

curative surgical resection (n=188). 

 

Multivariable analysis   

Variable HR (95% CI) p 

Primary tumour localisation 

Small bowel 

Appendix 

Pancreas 

Bronchopulmonary 

Other 

 

- 

0.21 (0.04-0.98) 

0.94 (0.38-2.37) 

12.32 (1.08-140.30) 

0.53 (0.09-3.09) 

0.055 

Stage according to ENETS 

Primary tumour (T) 

Regional lymph nodes (N) 

Distant metastasis (M) 

 

1.67 (1.04-2.70) 

2.61 (1.17-5.83) 

2.59 (0.97-6.97) 

 

0.030 

0.013 

0.079 

Log(Ki-67%) 1.93 (1.24-3.00) 0.002 
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4. Discussion 

The aim of this study was to identify factors associated with disease relapse in patients with 

a diagnosis of NET, resected with curative intent. Tumour size, nodal involvement and Ki-67 

index were identified as independent risk factors. 

 

The median age of patients included in this study was 60 years. This is older than reported in 

Dieckhoff et al.[7], which reported a median age of 52 years and also included different 

primary NET locations. Disease-specific studies reported median ages between 55-59 

years[4,9–13]. 

 

The median RFS and 5-year RFS in the current study were 8.0 years and 62%, respectively 

in keeping with other studies[7,23]. Surprisingly, the subgroup pancreatic NET had a similar 

RFS as the small bowel subgroup. Pancreatic NET has previously been reported as having a 

worse outcome compared to other primary sites [7,8]. In our study, the small bowel subgroup 

was diagnosed at a more advanced stage than pancreatic NET and was probably due to 

referral bias, with potentially the majority of patients with pancreatic NETs being referred to 

this centre (through a centralised hepatobiliary service model), but only the more challenging 

cases of small bowel NETs (through a non-centralised intestinal surgery model). The non-

identification of primary site as an independent risk factor may alternatively have been a type 

II error and may be a reflection of patient numbers included. 

 

This study included patients with R0 and R1 resections, which is likely to be a more accurate 

representation of NET patients treated in the clinical setting than studies which only included 

patients with R0 resections[7]. The difference in RFS between patients who had R0 or R1 

resections was not significant in our study. Similarly, other studies did not prove a 

relationship between surgical margin status and RFS[9,11,12]. 
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The TNM system proposed by ENETS[19,20] was prognostic for relapse in our study, 

however an independent relationship between distant metastases at time of diagnosis and 

RFS could not be confirmed. The absolute number of patients included with distant 

metastases at time of diagnosis was only 11 (6%), which might be too small to confirm an 

independent correlation. 

 

Our study included NETs arising in patients with genetic syndromes. One study mentioned 

MEN syndrome as prognostic for relapse[4]. We were not able to confirm this factor as our 

sample size was too small to draw firm conclusions. 

 

The relationship between vascular invasion and relapse were also investigated, which did not 

show a significant correlation. Many studies revealed this as a prognostic factor for relapse in 

univariate analysis but were not able to confirm this on multivariable analysis[7,9–11]. In the 

present study, perineural invasion was prognostic for RFS on univariate analysis, this was 

not confirmed on multivariable analysis. Boninsegna et al.[9] did confirm a relationship 

between perineural invasion and relapse in univariate analysis, but were not able to confirm 

this on multivariable analyses. Tumour necrosis was not a prognostic factor for relapse in the 

present study, although this number was small (n=10; 5%). Hochwald et al.[10] did have 

greater numbers of patients with tumour necrosis and was thus able to confirm a relationship 

between tumour necrosis and relapse. 

 

As mentioned by Dieckhoff et al.[7], the ENETS guidelines for follow-up of patients following 

curative resection of NET do not provide a uniform recommended follow-up time[24–26]. In 

our study, 16% of the relapses occurred more than five years after treatment, which might be 

an underestimated percentage because of the length of follow-up. Relapses more than five 

years after treatment were also reported in 24% of the patients in the study by Dieckhoff et 

al.[7] and in 35% of the patients in the study of Casadei et al.[4]. Also Le Roux et al. 

mentioned late relapses[13]. We would suggest a follow-up of at least 10 years, depending 
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on prognostic factors. Most relapses were with distant metastases (88%), which was also 

demonstrated by other studies. 

 

The current study has limitations; firstly, it was retrospective with consequent non-availability 

of some data. The second limitation of this study was the potential for referral bias. Our 

institution is a specialised treatment centre and may thus treat patients with a more complex 

history and this may not be a complete reflection of those patients having curative resection. 

However, as this has been an ENETS Centre of Excellence since 2011, the vast majority of 

patients are now likely to be referred to the tumour board at this institution, but this may not 

have been the case in earlier years, before this accreditation. The referral trend also caused 

an unequal distribution of patients referred over the years, and it was not possible to 

compare outcomes for patients treated in different time periods due to number limitation. 

Finally, the median follow-up of patients in our study was 2.6 years (range 0.1-12.7), and as 

our study focused on patients with well differentiated G1 or G2 NET, the duration of follow-up 

was relatively short. This may be somewhat attributable to the referral trend, with more 

referrals received in the more recent era.  

 

Despite the limitations, this study is to our knowledge one of the largest studies reporting on 

prognostic factors in patients following curative-intent surgery with a diagnosis of NET, where 

patients with differing primary sites were included. There are difficulties in carrying out 

studies looking at a single primary site due to the rarity of the condition despite this being an 

ENETs centre of Excellence. The data gained from this study should facilitate identification of 

subgroups of patients with a diagnosis of NET who may develop relapse after resection done 

with curative intent. This experience is required to enable advancement of this field and 

awareness of the prognostic factors for relapse will be important in selecting patients for 

future adjuvant trials in the speciality of NETs. 
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5. Conclusion 

In conclusion, the size of tumour, lymph node involvement and Ki-67 index were independent 

prognostic factors for relapse after potentially curative surgery in patients with a diagnosis of 

a NET. Adjuvant strategies and well-designed studies should be considered in the higher risk 

groups. As late relapses are common, follow-up should be extended to at least 10 years. 

 

Acknowledgements 

No funding source was required for this study. 



20 
 

References 
[1] B.G. Taal, O. Visser, Epidemiology of neuroendocrine tumours., Neuroendocrinology. 

80 (2004) 3–7. doi:10.1159/000080731. 

[2] L. Ellis, M.J. Shale, M.P. Coleman, Carcinoid tumors of the gastrointestinal tract: 
trends in incidence in England since 1971., Am. J. Gastroenterol. 105 (2010) 2563–
2569. doi:10.1038/ajg.2010.341. 

[3] B. Lawrence, B.I. Gustafsson, A. Chan, B. Svejda, M. Kidd, I.M. Modlin, The 
epidemiology of gastroenteropancreatic neuroendocrine tumors., Endocrinol. Metab. 
Clin. North Am. 40 (2011) 1–18. doi:10.1016/j.ecl.2010.12.005. 

[4] R. Casadei, C. Ricci, R. Pezzilli, D. Campana, P. Tomassetti, L. Calculli, et al., Are 
there prognostic factors related to recurrence in pancreatic endocrine tumors?, 
Pancreatology. 10 (2010) 33–38. doi:10.1159/000217604. 

[5] E. Pomianowska, I.P. Gladhaug, K. Grzyb, B.I. Røsok, B. Edwin, D.S. Bergestuen, et 
al., Survival following resection of pancreatic endocrine tumors: importance of R-status 
and the WHO and TNM classification systems., Scand. J. Gastroenterol. 45 (2010) 
971–979. doi:10.3109/00365521003782363. 

[6] R.H. Lurie, Neuroendocrine Tumors, ENETS. Version 2. (2014). 

[7] P. Dieckhoff, H. Runkel, H. Daniel, D. Wiese,  a Koenig, V. Fendrich, et al., Well-
differentiated neuroendocrine neoplasia: relapse-free survival and predictors of 
recurrence after curative intended resections., Digestion. 90 (2014) 89–97. 
doi:10.1159/000365143. 

[8] M. Ter-Minassian, J.A. Chan, S.M. Hooshmand, L.K. Brais, A. Daskalova, R. Heafield, 
et al., Clinical Presentation, Recurrence, and survival in Patients with Neuroendocrine 
Tumors: Results from a Prospective Institutional Database, Endocr. Relat. Cancer. 20 
(2013) 187–196. doi:10.1530/ERC-12-0340.Clinical. 

[9] L. Boninsegna, F. Panzuto, S. Partelli, P. Capelli, G. Delle Fave, R. Bettini, et al., 
Malignant pancreatic neuroendocrine tumour: lymph node ratio and Ki67 are 
predictors of recurrence after curative resections., Eur. J. Cancer. 48 (2012) 1608–
1615. doi:10.1016/j.ejca.2011.10.030. 

[10] B.S.N. Hochwald, S. Zee, K.C. Conlon, R. Colleoni, O. Louie, M.F. Brennan, et al., 
Prognostic Factors in Pancreatic Endocrine Neoplasms : An Analysis of 136 Cases 
With a Proposal for Low-Grade and Intermediate-Grade Groups, J. Clin. Oncol. 20 
(2002) 2633–2642. doi:10.1200/JCO.2002.10.030. 

[11] D.H. Kim, J.H. Lee, Y.J. Cha, S.J. Park, J.H. Cheon, T. Il Kim, et al., Surveillance 
strategy for rectal neuroendocrine tumors according to recurrence risk stratification., 
Dig. Dis. Sci. 59 (2013) 850–856. doi:10.1007/s10620-013-2972-7. 

[12] C. Ricci, R. Casadei, G. Taffurelli, S. Buscemi, M. D’Ambra, F. Monari, et al., The role 
of lymph node ratio in recurrence after curative surgery for pancreatic endocrine 
tumours., Pancreatology. 13 (2013) 589–593. doi:10.1016/j.pan.2013.09.001. 

[13] C. Le Roux, C. Lombard-Bohas, C. Delmas, S. Dominguez-Tinajero, P. Ruszniewski, 
E. Samalin, et al., Relapse factors for ileal neuroendocrine tumours after curative 
surgery: A retrospective French multicentre study, Dig. Liver Dis. 43 (2011) 828–833. 
doi:10.1016/j.dld.2011.04.021. 

[14] R. Arnold,  a Rinke, C. Schmidt, L. Hofbauer, Endocrine tumours of the 
gastrointestinal tract: Chemotherapy., Best Pract. Res. Clin. Gastroenterol. 19 (2005) 
649–656. doi:10.1016/j.bpg.2005.04.004. 

[15] R.L. Fine, A.P. Gulati, D. Tsushima, K.B. Mowatt, A. Operescu, J.N. Bruce, et al., 



21 
 

Prospective phase II study of capecitabine and temozolomide (CAPTEM) for 
progressive, moderately, and well-differentiated metastatic neuroendocrine tumors, J. 
Clin. Oncol. 32 (2014). 

[16] Y. Wang, A. Chauhan, M.A. Hall, Adjuvant intraoperative post-dissectional tumor bed 
chemotherapy — A novel approach in treating midgut neuroendocrine tumors, 6 
(2015) 254–258. doi:10.3978/j.issn.2078-6891.2015.008. 

[17] M.M. Oken, R.H. Creech, D.C. Tormey, J.H. M.D., T.E. Davis, E.T. McFadden, et al., 
Toxicity and response criteria of the Eastern Cooperative Oncology Group, Am. J. 
Clin. Oncol. 5 (1982) 649–655. 

[18] Adult Comorbidity Evaluation-27, (2003) 2–3. 

[19] G. Rindi, G. Klöppel, H. Alhman, M. Caplin,  a Couvelard, W.W. de Herder, et al., TNM 
staging of foregut (neuro)endocrine tumors: a consensus proposal including a grading 
system., Virchows Arch. 449 (2006) 395–401. doi:10.1007/s00428-006-0250-1. 

[20] G. Rindi, G. Klöppel,  a Couvelard, P. Komminoth, M. Körner, J.M. Lopes, et al., TNM 
staging of midgut and hindgut (neuro) endocrine tumors: a consensus proposal 
including a grading system., Virchows Arch. 451 (2007) 757–62. doi:10.1007/s00428-
007-0452-1. 

[21] G. Rindi, The ENETS guidelines : the new TNM classification system, Tumori. 96 
(2010) 806–809. 

[22] R. Arnold, Y.-J. Chen, F. Costa, M. Falconi, D. Gross, A.B. Grossman, et al., ENETS 
Consensus Guidelines for the Standards of Care in Neuroendocrine Tumors: follow-up 
and documentation., Neuroendocrinology. 90 (2009) 227–233. 
doi:10.1159/000225952. 

[23] J.R. Strosberg, A. Cheema, J.M. Weber, M. Ghayouri, G. Han, P.J. Hodul, et al., 
Relapse-free survival in patients with nonmetastatic, surgically resected pancreatic 
neuroendocrine tumors: an analysis of the AJCC and ENETS staging classifications., 
Ann. Surg. 256 (2012) 321–325. doi:10.1097/SLA.0b013e31824e6108. 

[24] M. Caplin, A. Sundin, O. Nillson, R.P. Baum, K.J. Klose, F. Kelestimur, et al., ENETS 
Consensus Guidelines for the management of patients with digestive neuroendocrine 
neoplasms: colorectal neuroendocrine neoplasms., Neuroendocrinology. 95 (2012) 
88–97. doi:10.1159/000335594. 

[25] M. Falconi, D.K. Bartsch, B. Eriksson, G. Klöppel, J.M. Lopes, J.M. O’Connor, et al., 
ENETS consensus guidelines for the management of patients with digestive 
neuroendocrine neoplasms of the digestive system: Well-differentiated pancreatic non-
functioning tumors, Neuroendocrinology. 95 (2012) 120–134. doi:10.1159/000335587. 

[26] U.F. Pape, A. Perren, B. Niederle, D. Gross, T. Gress, F. Costa, et al., ENETS 
consensus guidelines for the management of patients with neuroendocrine neoplasms 
from the jejuno-ileum and the appendix including goblet cell carcinomas, 
Neuroendocrinology. 95 (2012) 135–156. doi:10.1159/000335629. 

 

 


