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 Abstract
 Context. Pancreatic neuroendocrine tumours 
(PanNETs) are rare pancreatic neoplasms. PanNETs can 
be treated by multimodal approach including surgery, 
locoregional and systemic therapy. 
 Objective. The aim of the present study is to 
evaluate predictive factors of overall survival in patients 
with PanNETs surgically treated at a single center. 
 Subjects and methods. The study group consisted 
of 120 patients with PanNETs who had undergone surgery at 
the Center of Digestive Diseases and Liver Transplantation 
of Fundeni Clinical Institute, Bucharest, Romania. Surgical 
resection of the primary tumor was performed in 110 patients. 
 Results. Tumor size > 2 cm (p=0.048) (90% CI) 
lymph node involvement (p=0.048), ENET grade (p<0.001), 
distant metastases (p<0.001), Ki 67 index (<2%, 2-5%, 
5-10%, 10-20%, >20%) (p<0.001) were identified as 
significant prognostic factors for OS on univariate analysis. 
Using multivariate Cox proportional regression model 
we found that distant metastases and Ki 67 index were 
independent risk factors for the survival outcome.
 Conclusions. Surgery with curative intent should 
be considered in all cases if clinically appropriate and 
technically feasible. High grade (Ki67 index ≥10%) tumours 
were associated with a 2- fold increase in risk of death as 
compared to those with a Ki67 <10%. 

 Key words: pancreatic, neuroendocrine, surgery, 
prognostic factors.

INTRODUCTION

 Pancreatic and duodenal neuroendocrine tumours 
(NETs) represent 18% of all gastroenteropancreatic 
neuroendocrine tumours (1). The reported annual 

incidence of the PanNETs range from 0.12 to 0.4 cases/ 
100 000 in Europe and Asia (2),  and account for 3 % of 
all pancreatic neoplasms (3, 4). However, an increased 
incidence of PanNETs has been described over the 
past years (4, 5). Although PanNETs patients have a 
much better prognosis than those with pancreatic ductal 
adenocarcinomas (PDAC), the concept that PanNETs 
are “more benign”, and slow-growing must be properly 
reconsidered in therapeutic decisions. PanNETs can be 
treated by multidisciplinary approach including surgery, 
locoregional and systemic therapy.
 The outcome results seem to be influenced by 
the radical and aggressive surgical treatment, both in 
terms of primary tumours and liver metastases. Surgery 
is the only curative option for localized primary tumours. 
The management of non-functioning tumours <2 cm 
remains controversial (6). Unfortunately, metastatic 
disease is present in 64% of patients with PanNETs at the 
time of presentation (1). The 5-year survival for treated 
metastatic PanNETs is above 60% compared with 30% 
for untreated tumours (7, 8). Locoregional liver directed 
therapy (trans-arterial chemo-embolisation, transarterial 
embolization, radiofrequency ablation) and systemic 
therapies including somatostatin receptor inhibitors, 
chemotherapy, biological therapy (everolimus, sunitinib) 
is also employed in the PanNETs treatment (9). 
 The study reported herein evaluates predictors 
of overall survival in patients with PanNETs surgically 
treated at a single center.

MATERIALS AND METHODS

 The study group consisted of 120 patients with 
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PanNETs who had undergone surgery at the Center 
of Digestive Diseases and Liver Transplantation of 
Fundeni Clinical Institute, Bucharest, Romania, from 
January 2000 through July 2014. All participants 
provided written informed consent. The institutional 
review board or Ethics Committee at Fundeni 
Clinical Institute approved the study protocol. All 
patients were analyzed retrospectively regarding 
age, gender, functioning syndrome, tumours location 
(head, body, tail), T-N-M status (tumor size, lymph 
node status, and distance metastasis), the date and 
the type of surgery, resection margin (R0 or R1/R2), 
and surgical complications. Imaging studies included 
contrast enhanced tomography (CT) and magnetic 
resonance scan (MRI) was performed. Endoscopic 
ultrasonography with fine needle aspiration 
was performed in selected groups of patients. 
Ultrasonography was performed intraoperatively 
to exclude multiple endocrine tumours being very 
important for resection type selection. 
 Local recurrence and distant metastases were 
recorded. Perioperative mortality was defined as death 
occurring during 30 days of surgery.

 Tissue samples
 All samples were classified according to WHO 
(version 2010) (10, 11) and staged according to ENETS - 
 TNM (European Neuroendocrine Tumor Society). 
Immunohistochemistry was performed on paraffin 
embedded specimens, interpreted by consensus of 
2 gastrointestinal pathologists (H.V. and C.P). For 
grading, the Ki67 index was assessed using the MIB1 
clone antibody (Dako, Glostrup, Denmark), as the 
percentage of Ki-67 positive cells among 2,000 tumor 
cells in areas where the highest nuclear labeling was 
noticed. 

 Statistical analysis
 All statistical analyses were performed using 
SPSS (Statistical Packages for Social Sciences, 
Chicago, IL, USA) software version 16.0. OS (overall 
survival) was measured from time of resection until 
death from any cause, or last clinical contact. Survival 
was estimated by Kaplan-Meier method. Multivariate 
analyses were performed using a Cox proportional 
hazards model and forward stepwise procedures. The 
data were censored from the analysis for the surviving 
patients at the date of last follow-up. All differences and 
associations were considered statistically significant if 
the 2-sided p-value was below 0.05 (95% Confidence 
Intervals). 

RESULTS

 Patient clinical characteristics and pathology
 A total of 120 patients with PanNETs 
undergoing surgical exploration at the Fundeni Clinical 
Institute were retrospectively reviewed. Of these, 
68 were females (57%) and 52 males (43 %), with a 
median age at surgery of 54 years (range, 14-81 years). 
PanNETs tumours were located in the pancreatic head 
in 40 % (n=43), in pancreatic body in 34 % (n =37), in 
pancreatic tail in 26 % (n=28). Median tumour size was 
3.5cm (range: 0.4-20 cm). Lymph nodes were found to 
be positive in 19 (16%) of these patients.
 Synchronous distant metastases were present in 
21% of patients (n=25) (ENETS stage IV) at the time of 
diagnostic. Enucleated PanNETs have been considered 
to be as N0 stage as (12) previously reported. The 
majority of patients, 70% of (n=59) had non-functional 
PanNETs tumours. A hypoglycemic syndrome was 
present at initial diagnosis in 35 cases. 
 A total of 110 patients underwent resection 
of the primary tumour by open or minimally invasive 
surgery. The first tumour robotic enucleation was 
done in our center in 2009. Tumour enucleation was 
performed in 20 % (n=22), pancreaticoduodenectomy 
in 35.4% (n=39), central pancreatectomy in 7.3% 
(n=8), distal pancreatectomy in 37.3% (n=41) 
patients. Portal vein resection was performed in 4 
cases. Fifteen synchronous liver metastases were 
resected simultaneously with primary PanNETs, 
and en-bloc resection of adjacent organs in 5 cases. 
In 10 patients with synchronous liver metastases the 
primary tumour was not resected.  Adequate samples 
for Ki-67 assessment were available in 102 patients. 
Surgical and locoregional therapy was repeated for 
20 patients.  Most patients received somatostatin 
analogues (n=35).
 The clinicopathologic data of the patients 
included in the present study are presented in Table 1.

 Predictors of survival 
 Overall survival data was available in 95% of 
patients (5 patients were lost on follow-up). At the 
time of analysis 85 patients are still alive. A total of 
24 patients (21.8%) out of 110 patients with curative 
resection of the primary PanNETs who initially did 
not have distant metastases develop recurrence. 
The median survival was 61 months (range 1 – 243 
months).
 Potential factors affecting survival were 
evaluated using univariate analysis (long- rank test). 

P<0.05 is considered as significant
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Tumor size > 2 cm (p=0.048) (90% CI) lymph node 
involvement (p=0.048), ENETS grade (p<0.001), 
distant metastases (p<0.001), Ki 67 index (<2%, 2-5%, 
5-10%, 10-20%, >20%) (p<0.001) were identified as 
significant prognostic factors for OS on univariate 
analysis. 
 Using multivariate Cox proportional regression 
model we found that distant metastases and Ki 67 index 
were independent risk factors for the survival outcome. 
The results of the multivariate analysis are shown in 
Table 2. High grade (Ki67 index ≥10%) tumours were 
associated with a 2- fold increase in risk of death than 
those with a Ki67 <10%.
 Overall survival analysis for patients classified 
according to the Ki67 index (Ki67 <10% vs. Ki67 
≥10%) and WHO 2010 are shown in Figure 1A and 
B. Patients with Ki67 <10% in PanNET tumours had 
better survival than those with Ki67 index ≥10%.

DISCUSSION

 Previous studies reported several predictors 
of the PanNETs prognosis, including tumour stage 
(TNM: tumour size, node involvement, metastases), and 
tumour grade are the most important (5;11;13-15). Other 
studies reported as prognostic factors for patients with 
PanNETs: the functional status, the IHC staining (15) for 
CK19 (16), surgery type (17).
 There is no consensus regarding the prognostic 
value of the lymph node involvement (18-20).
 Kazanjian et al., in a study of PanNETs patients, 
highlighted that positive lymph nodes and the presence 
of liver metastases did not affect survival (21). In our 
study the presence of positive lymph nodes is associated 
with worse survival (p=0.033).
 WHO classification for pancreatic endocrine 
tumor was associated with significant poor overall 
survival (22). The 2010 World Health Organization 

Characteristic Patients (N=no of patients)
N %

Age, median (range) 54 years (14 – 71)
≤ 40 years 33 28%
41-60 years 57 48%
>60 years 29 24%

Gender
 Male 52 43%
 Female 68 55%

Tumor location within pancreas
Head 43 40%
Body 37 34%
Tail 28 26%

Tumor size, median (range) cm 3.75 (0.4 – 20)
≤2 42 36%
>2 76 64%

Distant metastases (2 groups)
With metastases 92 78%
No metastases 25 22%

ENETS – TNM Stage
I 29 25%
II A 35 30%
II B 19 16%
III A(1 patient) +III B 11 9%
IV 24 20%

WHO 2010 Grade
G1 56 54%
G2 31 30%
G3 16 16%

Node Involvement
Yes 19 16%
No 97 84%

Functional syndrome
Yes 48 41%
No 70 59%

Table 1. Clinicopathological characteristics of pancreatic neuroendocrine tumours
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(WHO) system, classified digestive neuroendocrine 
tumours, including PanNETs into three main histological 
categories: neuroendocrine tumours grade 1, or NET 
G1 (Ki67 index <2%), neuroendocrine tumours grade 
2 or NET G2 (Ki67 index 3-20%),  neuroendocrine 
carcinomas or NEC of grade G3 (Ki67 index >20%) 
(10). The WHO 2017 classification of pancreatic 
neuroendocrine neoplasm included a new category 
PanNET G3 (Ki67 index >20%) and PanNET G1 (Ki67 
index <3%), PanNET G2 (Ki67 index 3-20%) (23).
 Buchler M et al. assess clinical relevance of 
WHO classification on 118 patients with PanNETs who 
underwent surgery and have shown that WHO and TNM 
classification can be used to predict long-term survival (24).
 Rindi G. et al. suggested that the ENETS-TNM 
staging system is superior to the UICC/ American Joint 
Committee of Cancer (AJCC)/WHO 2010 TNM staging 
system (25). Our study confirms the findings of others 
(26) that ENETS III and IV had the poorest survival rate 
compared to patients with ENETS I and II. 
 Some previous studies showed that liver 
metastases are the only independent predictors of 
survival and that tumour size predicts development of 
liver metastases (27-30). In our study we have shown 
that after controlling for distant metastases, the patients 
with a value of Ki67 ≥10% have a 3-fold higher hazard 
(risk) of death than those with a value of Ki67 <10%. A 
Ki67 cut off of 10% is used to select patients suitable for 
liver transplantation according to the Milan criteria (31). 
There are studies suggesting a higher cut-off point for 

Ki67 in clinical management. A revision of the cut- off 
values from 2 to 5% for G1/G2 tumours and from > 20 
to >15 for G3 has been recommended by some groups, 
as these cut off values correlated more accurately with 
prognosis.
 Gao et at. have shown that high grade tumour 
(Ki67 >20%) tumours were associated with a 2-fold 
increase in risk of death compared with low grade 
(Ki67≤ 2%) tumours. Moreover, they generated a novel 
risk stratification system for resected PanNETs tumours 
to identify patients with different recurrent risk (32).
 In the present study, the 5-year survival rate was 
87% and 10-year survival rate is 84.7%, which is within 
the range of that reported by most large studies  (33, 34), 
survival might be impacted by systemic complications of 
NETs (35). Watzko F et al. reported a 5-year survival 
rate of 90.6 and 82.4 % at 10 years. These results were 
obtained in 124 patients, including a high percent of 
insulinoma (40.9%) and a low percent of G3 grade 
(6.3%) (34). In our study G3 grade was assessed in 16% 
of patients. 
 In conclusion, surgery with curative intent 
should be considered in all cases if clinically appropriate 
and technically feasible. Our study identified lymph 
node metastases, ENET grade, Ki67, WHO 2010 grade 
as prognostic factors for OS in PanNETs patients.
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Figure 1. Light microscopic micrograph of testis in control group.

Predictors Sig. HR
95% CI for HR
Lower Upper

Distant metastases .002 6.499 1.966 21.485
Ki67 proliferative index .046 3.466 1.020 11.772

Table 2. Multivariate Cox regression analysis of variables associated with OS for patients with resected pancreatic neuroendocrine tumors

Figure 1 A. The Kaplan- Meier survival curves of patients with 
pancreatic neuroendocrine tumors according to Ki 67 value (p<0.001).

Figure 1 B. The Kaplan- Meier survival curves of patients with 
pancreatic neuroendocrine tumors according to WHO 2010 (p<0.001).
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