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ORIGINAL ARTICLE

Prognosis and Long-Term Survival after Operation in Patients with
Pancreatic and Peripancreatic Neuroendocrine Tumors of a Single
Center
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ABSTRACT

Background Pancreaticneuroendocrine tumorsareveryrare. The aim of this study was to assess the survival rate in patients with functioning
or non-functional pancreatic neuroendocrine tumors. Methods The data for 49 patients with pancreatic neuroendocrine tumors who were
treated at a single institution from January 2004 to December 2010 were analyzed retrospectively with regard to short-term and long-term
outcomes, as well as predictive factors for survival and prognosis. Overall survival was evaluated using the Kaplan-Meier method. Cox
regression analysis was used to identify factors associated with the prognosis in a multivariate analysis. Results Patients’ median age at
diagnosis was 59 years (range 17-83 years). Nine lesions (19%) were functioning tumors and 40 (81%) were non-functional. The 5-year
survival rate was 85.5%. Among patients who underwent potentially curative resection, tumor stage (P=0.001), pathological classification
(P=0.03) and presence of liver metastases (P=0.003), as well as the resection margin, were significant prognostic factors. Conclusions
Surgical resection should be attempted and should play a central role in the therapeutic approach to patients with neuroendocrine tumors.

The important aspect is early diagnosis, which makes it possible to carry out radical surgery before the tumor has metastasized.

INTRODUCTION

Pancreatic neuroendocrine tumors (PNET) are rare [1],
with an incidence of less than one per 100000 populations
per year. The first description of this type of tumors was
published by Oberndorfer in 1907 [2]. In the past various
terms have been used for this type of lesion, including:
carcinoid tumor, endocrine tumor, neuroendocrine
carcinoma, apudoma, and gastroenteropancreatic tumor.
In 2000, the World Health Organization (WHO) introduced
a structured classification of gastroenteropancreatic
neuroendocrine tumors and subdivided them into three
main categories: well differentiated neuroendocrine tumor
(NET), well differentiated neuroendocrine carcinoma
(NEC), and poorly differentiated NEC [3, 4].

In 2010 a revised version of the WHO classification
of PNET was published [5]. The term “neuroendocrine”
refers to neoplastic cells, which are characterized by the
expression of molecular differentiation markers such as
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e.g. chromogranin A, synaptophysin and specific enolase.
These markers are of diagnostic importance for this tumor
entity and can be proved immunohistochemically. The
term “neuroendocrine tumor” (NET) includes all well
and poorly differentiated neoplasms of neuroendocrine
cells. The WHO classification classifies NET based on the
Ki-67 index and the evaluation of mitoses in histological
material. NET of the gastrointestinal tract and pancreas are
differentiated in two groups: Well differentiated NET and
poorly differentiated NEC (Table 1). Well differentiated
NET are divided depending on their proliferative activity
into either G1 (mitotic count of < 2 per 10 high power fields
[HPF]: HPF = 2 cm?, 40x magnification and/or < 2% Ki-67
index) and G2 tumors (mitotic count of 2-20 per HPF and/
or 3-20% Ki-67 index). Poorly differentiated NEC, which
are G3 tumors (mitotic count of >20 per 2 HPF and/or
>20% Ki-67 index), are subtyped into small cell neoplasms,
large cell neoplasms and mixed adenoneuroendocrine
carcinoma (MANEC) [7]. This classification system founds
on the grading system formerly proposed by the European
Neuroendocrine Tumor Society (ENETS) [5-7]. The WHO-
2010 staging system can effectively evaluate the prognosis.

NET represent only 1-3% of all pancreatic neoplasms, but
theincidence hasincreased two- to threefold in recentdecades
[8, 9]. Classification into functional and nonfunctional tumors
also depends on the associated clinical syndromes [10, 11].
Functional tumors secrete biologically active peptides such
as insulin, gastrin, glucagon, somatostatin, and vasoactive
intestinal polypeptides [11]. Nonfunctional tumors are
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usually identified incidentally-for example, when they
became symptomatic due to tumor bulk, or when imaging
procedures are being carried out for other indications.

Most of the lesions are sporadic, or they may be
part of a genetic syndrome such as multiple endocrine
neoplasia type 1 (MEN1), von Hippel-Lindau syndrome,
neurofibromatosis type 1, or tuberous sclerosis [12].

In general, complete surgical resection of the tumor
should be attempted [13, 14]. However, for nonfunctional
tumors the malignant potential seems diverse. Small
symptomatic nonfunctional tumors often seem to have
benign course, thus these patients may be candidates for
surveillance. However, there exist no clear cut-off criteria
for size to distinguish between benign and malignant
disease [12]. In particular large nonfunctional tumors are
associated with worse outcome [13]. The prognosis after
surgical resection is excellent; the long-term survival for
patients with resected insulinomas is more than 90%,
for example [14]. In contrast to patients with pancreatic
adenocarcinoma, hepatic resection and palliative resection
of the primary tumor may be beneficial and is associated
with significant survival benefit in patients with metastatic
PNET [16, 17]. If the majority of the tumor can be resected,

debulking surgery may be justified [14]. Recent studies
evaluate the role of long-acting somatostatin analogues
(S-LAR),which appeartohaveasignificantantiproliferative
effect and improve long-term survival of selected patients
with metastatic NET when administration of S-LAR is
combined with aggressive cytoreductive Surgery [18].

A retrospective analysis of patients treated at the
University of Bochum was carried out in order to evaluate
experience with these neuroendocrine tumors in our own
institution. Short-term and long-term outcomes were
analyzed, as well as prognostic factors influencing survival.
The influence of functional and nonfunctional PNET’s on
long-term survival was also assessed.

MATERIALS AND METHODS

The clinical data for 49 patients with neuroendocrine
pancreatic and peripancreatic neuroendocrine tumors,
who had been operated from January 2004 to December
2010 were analyzed retrospectively. Patients were
informed about this high-class security study when the
operation method was explained before surgery.

All patients had histopathologic confirmation of an
endocrine tumor. The review included the patients’

Table 1. Demographic and clinical features in patients with pancreatic and peripancreatic neuroendocrine tumors.

Total (n = 49) n (%)

Active (n = 9) n (%)

Age
Median 59 56
Range 17-83 23-78
Mean+SEM 56.4+2.1 56.4+5.8
Gender
Male 31(63.3) 5 (55.6%)
Female 18 (36.7) 4 (44.4%)
Tumor location
Pancreatic head 13 (26.5) 0
Pancreatic body 3(6.1) 1(11.1)
Pancreatic tail 27 (55.1) 5(55.6)
Peripancreatic 6(12.2) 3(33.3)
Tumor size (cm)
Median 2.7 1.3
Range 0.2-12.3 0.6-2.2
Mean+SEM 3.35+0.4 1.33+0.2
Lymph-node metastasis
Negative 32 (65.3) 7 (77.8)
Positive 17 (34.7) 2(22.2)
WHO classification
Ki-67<2% 20 (40.8) 6 (66.6)
Ki-67>2-20% 28(57.2) 3(33.3)
Ki-67>20% 0 0
MANEC 1(2.0) 0
UICC stage
I 22 (44.9) 7(77.8)
II 16 (32.7) 0
11 0 0
Y% 11 (22.4) 2(22.2)
Liver metastasis
Negative 39 (79.6) 8(88.9)
Positive 10 (20.4) 1(11.1)

Inactive (n = 40) n (%) P

0.94
59
17-83
56.3+2.3

0.65
26 (65)
14 (35)

0.03
13 (32.5)
2(5)
22 (55)
3(7.5)

0.001
3
0.2-12.3
3.68+0.41

0.48
25 (55)
15 (45)

0.009
14 (35.0)
25 (62.5)
0
1(2.5)

0.06
15 (37.5)
16 (40)
0
9 (22.5)

0.9
33(82.5)
7 (17.5)
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demographic data, surgical data, postoperative morbidity
and mortality, long-term survival, and prognostic factors.
Also the following features were evaluated: grading
(according to the WHO-2010 criteria), staging (according
to the AJCC/UICC 2009 criteria for well differentiated
tumors), distant and locoregional lymph node metastasis
at diagnosis, hormonal activity, main symptoms, and
simultaneous presence of other neoplasms.

All patients were followed up, and the long-term
overall survival for each patient was calculated from the
date of surgery to the date of death or last follow-up. The
end of the follow-up period for surviving patients was
March 2011. Neuroendocrine tumors associated with
the relevant symptoms, signs, and laboratory evidence
of hormonal excess were regarded as functioning tumors
and were further classified according to the syndromes
present. Postoperative mortality was defined as death
occurring within the first 30 postoperative days.

Statistical Analysis

Statistical analysis was carried out using the IBM
SPSS 20 software package (IBM Corporation, Armonk,
New York, USA). Overall survival was calculated from the
date of resection to the date of death. Survival data were
obtained from the hospital database. Cumulative survival
data were calculated using the Kaplan-Meier method,
and significance was assessed using log-rank (Mantel-
Cox) testing. A univariate survival analysis was carried
out for continuous data using Cox proportional hazards
regression. Multivariate survival analysis was conducted
using Cox regression. Significance was set at P<0.05.

RESULTS

A total of 49 patients underwent surgery for
neuroendocrine tumors in the pancreas (n=43; 87.8%)
or peripancreatic region from January 2004 to December
2010. There were 31 men (63.3%) and 18 women (36.7%).
The patients’ median age at diagnosis was 59 years
(range 17-83 years). The tumor was located in the head
of the pancreas in 13 patients (26.5%), in the body of
the pancreas in three (6.1%), in the pancreatic tail in 27
(55.1%), and in the peripancreatic region in six patients
(12.2%), including the ampulla of Vater (n=4; 8.2%) and
duodenum (n=2; 4.1%).

The median follow-up period was 29 months (range
1-77 months). Forty patients (81%) had non-functional
tumors, nine patients (19%) had functioning tumors (six
insulinomas, two gastrinomas, and one somatostatinoma),
and two of the patients had MEN1. There was no significant
difference in the median age of the patients in the functional
and nonfunctional groups.

There were 20 well differentiated G1 tumors (mitotic
count of < 2 per HPF and/or < 2% Ki-67 index), 28 well
differentiated G2 tumors (mitotic count of 2-20 per HPF and/
or 3-20% Ki-67 index), and only 1 poorly differentiated G3
(mitotic count of >20 per 2 HPF and/or >20% Ki-67 index)
MANEC. Tumor sizes ranged from 2 mm to 123 mm, with a

median of 27 mm. There was a significant difference in the
median tumor size between the functional and nonfunctional
groups (13 mm vs. 30 mm; P=0.001). Both functional and
nonfunctional tumors were most frequently located in the
pancreatic tail. Ten patients (20.4%) had hepatic metastases
atdiagnosis and only two more patients developed metastases
during the follow-up period. Liver metastases were resected
in a synchronous approach without any prior therapy. The
average survival time of these patients was 30 months.

Six of the abovementioned patients with hepatic
metastasis underwent aggressive cytoreductive surgery and
additionally were treated with S-LAR and provide an average
survival time of 29 months. In two patients with
advanced tumors and high proliferation rate adjuvant
chemotherapy was performed. Patients are deceased after
19 and 66 months. Involvement of lymph nodes was found
in 17 patients (37.7%). Lymph-node metastasis was more
common in the nonfunctional group (55% vs. 22%), but
the difference was not significant (P=0.058) (Table 1).

Pylorus-preserving or classical pancreaticoduodenec-
tomy was carried out in 14 patients (28.5%), distal pan-
createctomy in 27 (55%) patients, total pancreatectomy in
four (8%) patients, and segmental pancreas resection or
enucleation in four patients (8%). Reasons for total pan-
createctomy were the following: 2x extensive tumor size,
1xMEN patient with one neuroendocrine tumor in the
head and another neuroendocrine tumor in the tail of the
pancreas, 1x lipomatosis of the pancreas.

Excluding one patient who died due to bleeding in the
postoperative period, the mean survival period in the 48
patients was 29.5£2.8 months (range 2-77 months). The
1-year, 2-year, and 5-year survival rates were 98.5% (48
patients), 95% (47 patients) and 85.5% (46 patients),
respectively (Figure 1).

Forty-four patients (89.8%) were still alive at the time
of the analysis. One patient died in the postoperative
period, three patients died of tumor progression, and one
patient died of a pneumonia and an acute renal failure 52
days after the operation.
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Figure 1. Long-term overall survival in 49 patients with pancreatic
neuroendocrine tumors who underwent potentially curative resection.

JOP. Journal of the Pancreas - http://pancreas.imedpub.com/ - Vol. 17 No. 2 - Mar 2016. [ISSN 1590-8577] 184



JOP. ] Pancreas (Online) 2016 Mar 07; 17(2):182-188.

Two patients who died of tumor progression had non-
resectable liver metastasis. The tumor grade based on
WHO criteria was pT1 NO M1hep; Ki-67 4% respectively
pT3 NO M1 hep; Ki-67 10%. Resection of the pancreatic
tumor and atypical liver resection was performed in order
to provide tumor debulking. The third patient developed
liver metastasis three months after RO resection was done.
Chemotherapy was initiated, however the patient died of
tumor progression 32 months after the operation.

Prognostic factors influencing survival were evaluated
in a univariate analysis. Significant factors identified
were tumor stage (P<0.001), T classification, pathological
classification of 2010 (P=0.03), presence ofliver metastases
(P=0.003), and the resection margin (Figures 2-6). The
functional status of the tumor (P=0.164), tumor size
(P=0.196), and lymph-node stage (P=0.88) were not found
to be significant prognostic factors for survival.

In the multivariate analysis, tumor stage (HR 72.7;
P=0.02), liver metastases (HR 11.6; P=0.038), and the
resection margin (HR 0.068; P=0.022) were found to be
independent prognostic factors (Table 2).

DISCUSSION

The biological behavior of PNET is less aggressive than
that of pancreatic adenocarcinomas, even in the metastatic
stage [1, 19, 20, 21]. As a result of improved diagnostic
methods and a higher rate of resection, the incidence of
PNET has been increasing [4, 22]. Various studies have
reported 5-year survival rates for PNET resection ranging
from 59% to 80% [22, 23]. In our study the 5-year survival
rate was 85.5%. According to the literature almost half of
PNET are non-functioning [24].

Surgical resection is the only potentially curative
treatment available for the disease and has been
reported to decrease the risk of future metastasis and
disease-specific mortality [13, 20, 25; 26]. Pancreatic
resection results in greater than 80% 3-year survival in
non-metastatic PNET.

In this study the ratio of non-functioning tumor is high
(81%) compared with previously reported series which
showed that half of PNET are non-functioning [24]. The
great majority of resected non-functioning tumors was
>2 cm (median: 3 cm; range 0.2-12.3 cm). Only in small (<
2 cm) non-functioning PNET the role of surgery is still a
matter of question as the these tumors often are benign
[24; 26; 27, 28, 29]. However, in our opinion a wait and see
policy in these patients is critical as there exists potential
malignancy and a risk of development of metastasis even
in small non-functioning PNET. Thus, our strategy of a
surgical approach with parenchyma-sparing surgery
even in small non-functioning NET is in line with the
consideration of other recent publications [13, 28].

Even in metastatic disease data suggest that aggressive
surgical management of hepatic metastases improve
survival [30]. However, patients with more than 50%
liver involvement may not benefit from an aggressive

approach [17]. In patients with metastatic neuroendocrine
tumors application of S-LAR combined with aggressive
cytoreductive surgery and a multidisciplinary multimodal
approach (liver ablation, hepatic chemoembolization
systemic treatments) further improve survival [17,
18, 30]. In our study 6 patients with metastatic
neuroendocrine tumor  underwent aggressive
cytoreductive surgery plus S-LAR due to incomplete
resection of metastasis. All patients survived until now
(median 29 months) maybe due to a low proliferation
index and low tumor load.

Various surgical procedures were carried out in the
present study. The overall complication rate was 26.5%
and the perioperative mortality rate was 2%. These results
are in accordance with those from other centers [1, 17].
The male-female ratio showed a predominance of men
in the present study group (63.3% vs. 36.7%), whereas
Gullo et al. [31] and Tomassetti et al. [32] reported a
predominance of women. The average age at the time
of diagnosis was 56 years, similar to that reported in
previous studies [32]. The percentage of patients with
non-functional tumors of the pancreas was 81%. A greater
incidence of nonfunctional tumors was also observed in
several recent studies [33, 34]. As most nonfunctional
tumors are asymptomatic, they are usually diagnosed
incidentally (89% in the present study), due to improved
preoperative diagnosis. The present study confirms
that functional tumors are smaller in comparison with
nonfunctional ones (1.3 cm vs. 3.7 cm) [35]. Both types of
tumor are more often located in the pancreatic tail (non-
functional 60%, functional 66.7%). An increased incidence
of neuroendocrine tumors in the pancreatic head has
been reported [20, 34, 35]. The 5-year survival rate in the
present study was 85.5%. This is in strong contrast to the
outcomes for patients with PNET described in theliterature.
Wang et al. [36] reported a 5-year survival rate of 65.6%
for patients with unresectable tumors. Phan et al. [35]
described survival rates of 77% in patients with functional
tumors and 52% in those with nonfunctional tumors.
However, other studies have reported no differences in
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Figure 2. Cumulative survival (Kaplan-Meier) in 48 patients with
pancreatic neuroendocrine tumors, relative to tumor stage.
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the survival rates between the two groups [11, 18]. Several
studies have reported that the long-term survival appears
to be associated with following prognostic factors: age,
sex, functional status of the tumor, tumor grade and TNM
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Figure 3. Cumulative survival (Kaplan-Meier) in 48 patients with
pancreatic neuroendocrine tumors, relative to T classification.
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Figure 4. Cumulative survival (Kaplan-Meier) in 48 patients with
pancreatic neuroendocrine tumors, relative to Ki-67 assessment.
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Figure 5. Cumulative survival (Kaplan-Meier) in 48 patients with

pancreatic neuroendocrine tumors, relative to the presence or absence
of liver metastases.
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Figure 6. Cumulative survival (Kaplan-Meier) in 48 patients with
pancreatic neuroendocrine tumors, relative to the resection margin (R0
vs. R2).

Table 2. Independent prognostic factors for pancreatic neuroendocrine
tumors.

. Hazard 95% confidence

Risk factors P i X

ratio intervals
Tumor stage 0.02 72.7 235, 350
Pathological _ _ B
classification
T classification 0.06 8.3 0.06, 86.2
Hepatic metastasis 0.038 11.6 091,1179
Resection margin 0.022 0.068 0.007,0.682

stage, pancreatic resection, surgical margin, tumor size
and location, and lymph-node or other distant metastases
[1, 23, 32, 37]. The present study also confirms that tumor
stage (P=0.00), pathological classification (P=0.03), presence
of hepatic metastasis (P=0.003), and resection margin are
prognostic factors. However lymph node metastasis was more
common (45% vs. 22%) and median tumor size was lager (3
vs. 1.3 cm) in non-functional tumors, our study found that
functional status was not a significant prognostic factor in the
univariate analysis. In contrast, several series have reported
a lower 5-year survival rate in patients with non-functional
lesions in comparison with those with functioning PNET [35,
38]. Although not significant the in our study observed trend
towards lymph node metastasis and increased tumor size
may reflect a more aggressive character of non-functional
tumors. The absence of a significant effect on survival rate
has also been reported by Deutsch et al. [18]. In addition,
nonfunctioning tumors often remain asymptomatic and
usually are detected at a later stage (larger in size and more
often lymph node metastasis) in comparison to functioning
PNET that develop symptoms following production of
hormones even if the tumor is small of size.

CONCLUSIONS

In conclusion, surgical resection should be attempted
and should play a central role in the therapeutic approach to
patients with neuroendocrine tumors. The important aspect
is early diagnosis, which makes it possible to carry out radical
surgery before the tumor has metastasized. Further studies
with larger numbers of patients are required.
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