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1. Introduction

Pancreatic neuroendocrine neoplasms (pNENs), 
originating from diffuse neuroendocrine cells, are a 
clinically rare and heterogeneous disease of the pancreas. 
pNENs comprise only 1% to 2% of all pancreatic 
neoplasms, but have increased significantly in incidence 
over the past few decades (1,2). Increasing interest in 
research on neuroendocrine neoplasms (NENs) has 
grown in the past 10 years, however, our understanding 
of this disease is not thorough and is controversial. 
This review will summarize the epidemiology, clinical 
features and management of sporadic pNENs. 

2. Epidemiology

Islet cell tumors were initially used to describe pNENs, 
furthermore the pNENs were redefined by the World 
Health Organization (WHO) in 2010. Although this 
tumor is rare, the incidence has been substantially 

increasing more than twice as much in the last 20-30 
years (1,3). This increase is due in large part to increased 
physician awareness and improvements in diagnostic 
imaging. Most of the pNENs were sporadic in adults 
between the sixth and eighth decades, sometimes it was 
associated with hereditary diseases, such as multiple 
endocrine neoplasia (MEN) 1, Von Hippel Lindau 
(VHL) and Neurofibromatosis type 1 (NF-1). PNETs 
represent a heterogeneous group of neoplasms in tumor 
behavior and a wide spectrum of clinical manifestations 
(1,4-6). pNENs are classified as two general categories, 
functional and nonfunctional, based on whether the 
patients present a clinical syndrome caused by the 
hypersecreted hormones. Patients with functional pNENs 
were diagnosed earlier than patients with nonfunctional 
pNENs (mean age of presentation 55 vs. 59 years) due 
to the different specific hormonal syndromes including 
gastrin, insulin, glucagon, somatostatin, vasoactive 
intestinal polypetide (VIP), growth hormone-releasing 
factor and adrenocorticotrophic hormone (7). The 
nonfunctional pNENs account for 40-90% pNENs (8,9). 
As a result, PNETs often present as a significant clinical 
challenge to diagnosis and prognosis for physicians. 

3. Clinical presentation and Classification

For the functional pNENs, the clinical presentations 
are mainly determined by the hypersecreted hormones 
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produced by the tumor (Table 1). Insulinomas are the 
most common pNENs type, followed in decreasing 
order by gastrinomas, glucagonomas, VIPomas, 
somatostatinomas, and other rare types (10). For the 
nonfunctional pNENs, the clinical presentations are 
more likely to be associated with the symptoms of 
local compression and metastatic lesions, such as 
obstructive jaundice, pain and liver metastasis. In 
addition, an increasing percentage of pNENs were 
diagnosed in asymptomatic patients who received 
diagnostic evaluation for unrelated problems (11). From 
the perspective of biological characteristics, except for 
the insulinomas which are predominantly benign, most 
pNENs are slow growing but ultimately malignant. 
 The classification and staging of pNENs is 
not uniform and has undergone a great number of 
changes. Up to now, there are three guidelines for 
the pNENs, which are widely used including World 
Health Organization (WHO) grading scheme (12), 
European Neuroendocrine Tumors Society (ENETS) 
classification (13) and c (AJCC) staging system (14). 
The 2010 WHO classification system combined the 
differentiation and grading features to classify the 
biological aggressiveness of pNENs based on the 
proliferative activity of the tumor as measured by 
mitotic count and the expression of nuclear antigen Ki-
67. Grade 1 tumors have fewer than 2 mitoses per 10 
high power fields and less than or equal to 3% Ki-67 
staining. Grade 2 tumors have 2-10 mitoses per 10 high 
power fields or 3-20% Ki-67 staining. Grade 3 tumors 
have greater than 20 mitoses per 10 high power fields or 
greater than 20% Ki-67 staining. Grade 1 and 2 lesions 

are well differentiated and classified as neuroendocrine 
neoplasms (NET), while Grade 3 lesions are poorly 
differentiated and classified as neuroendocrine 
carcinomas (NEC) (Table 2). This classification system 
is simple and useful to standardize diagnosis and 
treatment. However, previous studies demonstrated 
that some pNENs with a high proliferative activity, but 
well-differentiated degree, are also classified into NEC 
(15,16). Furthermore, this subtype of pancreatic NEC, 
named well differentiated NET G3 normally, presented 
significantly better disease-specific survival than in 
the poorly differentiated subtype, which suggests that 
the biological behaviors of the two are different (17-
19). Therefore, a separation of well differentiated NET 
G3 from poorly differentiated NEC G3 is emerging. 
The AJCC and ENETs guidelines both have TNM/
staging systems. However, the two staging systems 
differ from each other in the definitions of T stage 
groupings and are used in the United States and 
Europe respectively. Confusion often arises because 
of the coexistence of the two parallel staging systems 
in practice (20). Furthermore, each staging system 
showed some shortcomings which was observed in the 
previous studies (21-24). So, based on the data of the 
Surveillance, Epidemiology, and End Results (SEER) 
registry (2529 patients) and a multicentric series from 
China (1143 patients), we proposed a modified ENETS 
staging classifications by maintaining the ENETS T, 
N, and M definitions and adopting the AJCC staging 
definitions (Table 3). This modified ENETS staging 
classification may be more suitable for pNENs than 
either the AJCC or ENETS systems (25). In addition, 
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Table 1. WHO classification of neuroendocrine tumors 2010: Functional classification

Name

Insulinoma

Gastrinoma

VIPoma

Glucagonoma

Somatostatinoma

GRFoma

ACTHoma

Carcinoid

Cell type

B

G

D1

A

D

PP

NT

EC

Hormones secreted

Insulin

Gastrin

Vasoactive
intestinal peptide

Glucagon

Somatostatin

Growth hormone-
releasing hormone

ACTH

Serotonin, tachykinins

Malignancy (%)

10

60-90

40-70

50-80

70

60

95

60-88

Pancreatic 
involvement (%)

99

25

90

100

55

30

4-16

1

Syndrome

Hypoglycemic symptoms, whipple triad

ZES (peptic ulcer, epigastric pain, diarrhea)

Watery diarrhea, hypokalemia, dehydration, 
achlorhydria

Rash, migratory erythema, diabetes mellitus, 
cachexia

Diabetesmellitus, cholelithiasis, and diarrhea

Acromegaly

Cushing's syndrome

Diarrhea,flushing,pain, asthma, and heart disease

Table 2. 2010 WHO grading system for pNENs

Items

Ki-67 index
Mitotic count
Differentiation

Grade 1 (G1)

< 3%
< 2/10 HPF
Well differentiated

Grade 2 (G2)

3-20%
2-20/10 HPF
Well differentiated

Grade 3 (G3)

> 20%
> 20/10 HPF
Poorly differentiated
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for imaging of the liver and pancreas due to improved 
tissue contrast (28). However, the CT is superior to MRI 
on the imaging of anatomy and cost, and in most centers, 
CT also would be the first choice for the detection of 
pNENs. The drawback of CT/MRI is that the sensitivity 
will be decreased in small tumors with a diameter less 
than 2 cm (29).

5.2. EUS 

EUS provides high resolution imaging of the 
pancreas, and is suitable to detect small size (2-5 
mm) pNENs with mean detection rates of over 90% 
(30). Furthermore, EUS can guide fine-needle biopsy 
for cytology or core biopsy and provide a histologic 
diagnosis for lesion of the pancreas and duodenum 
(31). However, the availability of EUS is limited by the 
requirement of a highly skilled endoscopist. 

5.3. Functional imaging techniques 

Most pNENs (about 70%) express high levels of 
somatostatin receptors, mainly somatostatin receptor 
type 2 (SSTR2) (32), and can therefore be imaged 
with a radiolabeled form of the somatostatin analogue 
octreotide (also known as somatostatin receptor 
scintigraphy, SRS), such as 111In-DTPA-octreotide and 
99mTc-EDDA/hydrazinonicotinyl-Tyr3-octreotide. SRS 
provides for scanning of the whole body and allows 
detection of metastases outside of the abdominal region. 
Furthermore, SRS can offer functional information 
based on the levels of somatostatin receptor expression 
and contributes to selection of appropriate candidates 
for somatostatin-based therapies (33). However, SRS 
is limited by the expression of somatostatin receptors. 
Poorly differentiated pNENs and insulinomas are less 
likely to be detected and the SRS does not provide 
information on anatomy and surgical resectability (34). 

the T stage definitions of the TNM/staging system in 
the 8th edition of the AJCC has been changed and will 
be used in 2018. 

4. Diagnosis

The diagnosis of pNENs depends on the pathological 
examination. The other techniques, such as the imaging 
examination and tumor markers, also plays an important 
role in the preoperative diagnosis and observation of the 
disease.

5. Imaging examination

Imaging techniques for detecting of pNENs include 
morphological and functional imaging techniques, such 
as computed tomography (CT), magnetic resonance 
imaging (MRI), endoscopic ultrasonography (EUS), 
somatostatin receptor scintigraphy (SRS) and positron 
emission tomography (PET).

5.1. Computed tomography (CT) and magnetic resonance 
imaging (MRI)

CT/MRI are the most used and generally readily 
available techniques for the diagnosis of pNENs, 
especially for nonfunctional pNENs, and has sensitivity 
and specificity over 80%. The images of CT/MRI can 
be routinely reformatted in 2D or 3D image volumes 
to better display vascular anatomy and contribute 
to surgical strategy. For the pNENs, CT has a mean 
sensitivity and specificity of 73% and 96% respectively. 
For the liver metastases, mean sensitivity and specificity 
is 82% and 92% (13,26). When the MRI techniques are 
chosen, the sensitivity and specificity is 93% and 88% 
for the detection of pNENs, and the mean detection rate 
is 82% for the liver metastases (13,27). Generally, the 
radiological specialist tends to use MRI rather than CT 

Table 3. The European Neuroendocrine Tumors Society (ENETS) staging definitions, and the modified ENETS (mENETS) 
staging definitions for pancreatic neuroendocrine tumors with cross-tabulation of stage distributions

Stage
I
IIA
IIB
IIIA
IIIB
IV

T
T1
T2
T3
T4
Any T
Any T

N
N0
N0
N0
N0
N1
Any N

M
M0
M0
M0
M0
M0
M1

*The mENETS staging classification was proposed by maintaining the ENETS T, N, and M definitions and adopting the AJCC staging definitions.

Stage
I
IIA
IIB
IIIA
IIIB
IV

T
T1
T2
T3
T4
Any T
Any T

N
N0
N0
N0
N0
N1
Any N

M
M0
M0
M0
M0
M0
M1

ENETS staging classification

T1 Tumor limited to the pancreas, < 2 cm
T2 Tumor limited to the pancreas, 2-4 cm
T3 Tumor limited to the pancreas, > 4 cm, or invading duodenum or common bile duct
T4 Tumor invades adjacent structures
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis
M0 No distant metastasis
M1 Distant metastasis

                                         ENETS                                                                                                             mENETS*
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 Currently, the sensitivity of SRS has improved 
with the addition of single photon emission computed 
tomography (SPECT). A novel class of somatostatin 
analogs labeled with the positron-emitting radionuclide 
68Ga for PET/CT imaging has emerged as the current 
gold standard for NETs (13,35). Combining the 
advantages of PET/CT and affinity for the somatostatin 
receptor, the sensitivity of 68Ga for PET/CT imaging 
for pNENs was reported to be around 90%, even if false 
positive findings or false negative findings may occur 
(29,36). 

6. Tumor markers

Tumor markers, including serum tumor markers and 
immunohistochemical tumor markers, are useful for the 
diagnosis and prognosis, especially with nonfunctional 
pNENs. Plasma chromogranin A (CgA), a most widely 
used serum marker, was found elevated in 88-100% 
of pNENs. However, the diagnostic value of CgA is 
moderate in pNENs. The diagnostic sensitivity of CgA is 
less than 50% in patents with small tumors, and increases 
to 60-100% in patients with metastases (37). Therefore, 
serum CgA was used to reflect tumor burden, evaluate 
therapeutic response, and predict survival outcomes for 
pNENs (37,38). Other serum markers, including plasma 
neuron-specific enolase (NSE), pancreatic polypeptide 
(PP), pancreastatin and subunits of human chorionic 
gonadotropin, are also limited due to the similar 
phenomenon in the application of CgA (39). There are 
no immunohistochemical markers specific for pNENs. 
The most used label for the diagnosis of neuroendocrine 
tumors are synaptophysin and chromogranin. For 
functional pNENs, the specific peptides can be used as 
a label for the diagnosis of a subset of pNENs, such as 
insulin and glucagon.

7. Surgical management

Surgical resection is the only curative strategy for 
pNENs. However, because of the wide range of 
biological behavior and recurrence risk, the surgical 
treatment strategy should be considered for the functional 
and nonfunctional pNENs, in addition, pNETs and 
pNECs. 
 For the functional pNENs or pNETs, surgical 
treatment tends to be positive. In addition to radical 
surgery, cytoreductive surgery can also be recommended 
for control of secretion of activated hormones and 
improvement of the survival of patients with advanced 
pNET (40,41). Different from the surgical indication 
of pancreatic cancer, the partial hepatectomy and non-
radical operations are often performed in pNET patients 
with liver metastases and local progressive disease 
(42). For the nonfunctional pNENs with synchronous 
liver metastasis, a consensus from the Chinese study 
group for neuroendocrine tumors (CSNET) agree with a 

biopsy prior to treatment (43). The consensus including 
surgical strategy is as follows: Curative surgery is 
recommended for G1/G2 p-NET with type I LM (single 
metastasis regardless of size) and R1 resection also 
seems to improve overall survival rate. Cytoreductive 
surgery is recommended for G1/G2 p-NET with type II 
LM (isolated metastatic bulk accompanied by smaller 
deposits) in select patients, and should meet stated 
requirements. Surgical resection for G1/G2 p-NET with 
type III LM (disseminated metastatic spread) and p-NEC 
with LM should be avoided, and insufficient evidence 
exists to guide the surgical treatment of G3 p-NET with 
LM. For local progressive disease, aggressive surgery, 
including superior mesenteric vein reconstruction or 
major pancreatic resection combined with multiple organ 
resection, can be done with an acceptable morbidity and 
mortality rate and improved survival of patients (44,45). 
 Unlike functional pNENs and advanced pNETs 
which will affect the quality of life and survival of 
patients, the small nonfunctional pNETs present a more 
indolent behavior. In consideration of an increasing 
incidence of small pNETs and only 6% of small (< 
2 cm) pNETs will be metastatic at diagnosis, some 
suggest a conservative strategy (46,47). The guidelines 
ENETS recommends that both surgical treatment and 
observation are suitable for asymptomatic sporadic 
nonfunctional pNET ≤ 2 cm (13), while the guidelines 
of National Comprehensive Cancer Network (NCCN) 
recommends surgical resection for nonfunctional 
pNETs > 1 cm. The CSNET also provided a consensus 
statement about the management of small (≤ 2 cm) 
nonfunctional pNETs (48). First, the pathological 
confirmation should be obtained before the optimal 
treatment strategy is decided. Second, a more aggressive 
approach is suggested to be taken, except for some 
selected patients with nonfunctional pNETs < 1 cm, 
incidentally discovered and unacceptable surgical risks, 
all others with NF-pNETs ≤ 2 cm should undergo tumor 
resection and careful postoperative surveillance. 
 For the patients with poorly differentiated pNEC, 
the role of surgery is limited, because many cases are 
unresectable and most resectable cases have a high risk 
of recurrence or metastasis (49,50). Therefore, systemic 
medical management is the main therapeutic option for 
this disease.

8. Systemic medical management

While the primary treatment for pNENs is surgical, 
the treatment of patients with advanced or metastatic 
disease requires a multidisciplinary approach. Many 
therapeutic modalities play a pivotal role in controlling 
both symptoms and tumors and prolonging survival 
in the majority of patients. Nonsurgical therapeutic 
approaches include chemotherapy, biotherapies, targeted 
therapies, peptide receptor radiotherapy (PRRT), local 
ablation and interventional therapy (51-53). 
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9. Cytotoxic chemotherapy

The pNENs demonstrate a relative sensitivity to 
chemotherapy. However, there is no established standard 
chemotherapy for this disease and the chemosensitivity 
varies with type and differentiation status. The poorly 
differentiated (G3) pNECs have a better response than 
the well differentiated (G1/G2) pNETs. First-line therapy 
is traditionally platinum with etoposide for pNECs and 
present a response rates from 31% to 67% (54,55). 
pNECs Patients with a lower proliferative rate (Ki-
67 < 55%) had a lower response rate to chemotherapy 
(15% vs. 42%) but a better overall survival (OS) (14 vs. 
10 months) compared with patients with a Ki-67 over 
55% (54). Well differentiatied pNETs proliferate slowly 
and are generally resistant to most chemotherapeutic 
agents with reported response rates varying from 8% 
to 45% (56). Given these findings, the oral alkylating 
agent temozolomide, particularly in combination with 
capecitabine, has shown promise. In a series of 30 
patients treated with temozolomide in combination 
with capecitabine, 70% of patients demonstrated a 
radiographic tumor response (57). However, the effect 
of temozolomide was relative to the state of O6-
methylguanine-DNA methyltransferase (MGMT), a 
low expression of MGMT in tumor cells will increase 
susceptibility to the temozolomide.

10. Somatostatin analogs (SSAs)

SSAs have shown a significant impact on functional 
pNENs patients with hormonal symptoms. Furthermore, 
SSAs also have cytostatic effects that can stabilize 
metastatic disease without tumor regression in most 
cases. The SSAs currently available in clinical 
practice are octreotide and lanreotide. Two phase III 
controlled studies of SSAs antiproliferative response 
in neuroendocrine tumor trials, CLARINET trial 
and PROMID trial, both have significantly better 
progression-free survival (PFS) (58,59). Although, SSAs 
have long been the workhorse in medical NET therapy, 
combination with newer targeted therapeutic agents is 
the most used type of treatment and may further improve 
outcomes (60). 

11. Peptide receptor radiotherapy (PRRT)

PRRT is a newer treatment option that can be used 
for tumors that express a high density of somatostatin 
receptors on somatostatin receptor imaging. This is 
approved for use in Europe and is being studied in trials 
in the United States. One series of 504 patients with 
gastroenteropancreatic NETs treated with Lu-177 labeled 
PRRT reported complete and partial tumor response in 
2% and 28% of patients respectively (61). The first phase 
III trial of PRRT, NETTER-1, demonstrated a significant 
increase in the median PFS duration of patients with 

midgut NETs who received DOTATATE compared with 
those treated with LAR octreotide. This trial succeeded 
in establishing an additional effective therapeutic agent 
against these tumors (62).

12. Targeted therapy

12.1. Agents for antiangiogeneis

pNENs are highly vascularized neoplasms and express an 
abundance of VEG-F and platelet-derived growth factor 
(PDGF) receptors. This characteristic is associated with 
the overexpression of both ligand and related receptor 
of vascular endothelial factor (VEGF) (63), particularly 
in hepatic metastases (64). Sunitinib is an oral, small-
molecule, multi-targeted tyrosine kinase inhibitor with 
activity against VEG-F and PDGF. A recent phase 
III trial randomized 171 patients with advanced well 
differentiated pNENs compared therapy with sunitinib 
versus placebo (65). The study was discontinued early 
because of the clear advantage of sunitinib versus the 
placebo group. Bevacizumab is a humanized monoclonal 
antibody that inhibits VEG-F and has not yet been 
approved by the FDA for use in pNENs. Combination 
therapy with bevacizumab has also been investigated 
in pNENs. Combination therapy with mTOR inhibitor 
temsirolimus and bevacizumab showed a response rate 
(RR) of 41% (66). 

12.2. mTOR inhibitors

As aberrant mTOR pathway genes have been found in 
16% of pNETs, it is expected, then, that inhibiting mTOR 
signaling would inhibit tumor growth in at least a subset 
of patients. The oral mTOR inhibitor everolimus has 
been extensively studied in GEP-NETs. A randomized 
phase III study evaluating the efficacy of everolimus in 
advanced pNENs had been demonstrated to prolong PFS 
duration in patients with advanced-stage pNENs when 
compared with placebo (67). As a result of the significant 
improvement in PFS, everolimus was approved by the 
FDA for treatment of patients with advanced pancreatic 
NETs.

13. Conclusion

pNENs are a group of pancreatic neoplasms with high 
heterogeneity and a better prognosis than exocrine 
pancreatic cancer. The incidence of pNENs is increasing 
and the marjority of pNENs are nonfunctional. 
Localization and staging of pNENs are essential 
for correct management. Surgical resection remains 
the only curative modality for pNENs. However, 
the selecting and operative approach for pNENs is 
a complex decision that must consider a myriad of 
factors. An expanding number of systemic treatment 
options are available for clinicians treating pNENs. 
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Cytotoxic chemotherapy and/or SSA used to be the 
primary treatment for patients with unresectable tumors, 
but the role of cytotoxic chemotherapy continues to 
be debated, followed by peptide receptor radionuclide 
therapy. Targeted drugs inhibiting angiogenesis and 
mTOR pathways have been developed. There are 
still many unanswered questions about optimized 
classification, staging and treatment of pNENs. 

References

1. F raenke l M, Kim MK, Fagg iano A , Va lk GD. 
Epidemiology of gastroenteropancreatic neuroendocrine 
tumours. Best Pract Res Clin Gastroenterol. 2012; 26:691-
703.

2. Halfdanarson TR, Rubin J, Farnell MB, Grant CS, 
Petersen GM. Pancreatic endocrine neoplasms: 
Epidemiology and prognosis of pancreatic endocrine 
tumors. Endocr Relat Cancer. 2008; 15:409-427.

3. Yao JC, Eisner MP, Leary C, Dagohoy C, Phan A, Rashid 
A, Hassan M, Evans DB. Population-based study of islet 
cell carcinoma. Ann Surg Oncol. 2007; 14:3492-3500.

4. Meeker A, Heaphy C. Gastroenteropancreatic endocrine 
tumors. Mol Cell Endocrinol. 2014; 386:101-120.

5. Fraenkel M, Kim M, Faggiano A, de Herder WW, Valk 
GD. Incidence of gastroenteropancreatic neuroendocrine 
tumours: A systematic review of the literature. Endocr 
Relat Cancer. 2014; 21:R153-163.

6. Birnbaum DJ, Turrini O, Ewald J, Barbier L, Autret 
A, Hardwigsen J, Brunet C, Moutardier V, Le Treut 
YP, Delpero JR. Pancreatic neuroendocrine tumor: A 
multivariate analysis of factors influencing survival. Eur J 
Surg Oncol. 2014; 40:1564-1571.

7. Halfdanarson TR, Rabe KG, Rubin J, Petersen GM. 
Pancreatic neuroendocrine tumors (PNETs): Incidence, 
prognosis and recent trend toward improved survival. Ann 
Oncol. 2008; 19:1727-1733.

8. Valle JW, Eatock M, Clueit B, Gabriel Z, Ferdinand R, 
Mitchell S. A systematic review of non-surgical treatments 
for pancreatic neuroendocrine tumours. Cancer Treat Rev. 
2014; 40:376-389.

9. Kuo JH, Lee JA, Chabot JA. Nonfunctional pancreatic 
neuroendocrine tumors. Surg Clin North Am. 2014; 
94:689-708.

10. Turaga KK, Kvols LK. Recent progress in the 
understanding, diagnosis, and treatment of gastroentero-
pancreatic neuroendocrine tumors. CA Cancer J Clin. 
2011; 61:113-132.

11. Vagefi PA, Razo O, Deshpande V, McGrath DJ, Lauwers 
GY, Thayer SP, Warshaw AL, Fernandez-Del Castillo 
C. Evolving patterns in the detection and outcomes of 
pancreatic neuroendocrine neoplasms: The Massachusetts 
General Hospital experience from 1977 to 2005. Arch 
Surg. 2007; 142:347-354.

12. Bosman F T, Carneiro F, Hruban R H, et al. WHO 
classification of tumours of the digestive system.
International Agency for Research on Cancer, 2010:1089.

13. Falconi M, Eriksson B, Kaltsas G, Bartsch DK, Capdevila 
J, Caplin M, Kos-Kudla B, Kwekkeboom D, Rindi G, 
Klöppel G, Reed N, Kianmanesh R, Jensen RT; Vienna 
Consensus Conference participants. ENETS consensus 
guidelines update for the management of patients 
with functional pancreatic neuroendocrine tumors and 

non-functional pancreatic neuroendocrine tumors. 
Neuroendocrinology. 2016; 103:153-171.

14. Edge SB, Compton CC. The American Joint Committee 
on Cancer: The 7th edition of the AJCC cancer staging 
manual and the future of TNM. Ann Surg Oncol. 2010; 
17:1471-1474.

15. Basturk O, Tang L, Hruban RH, et al. Poorly differentiated 
neuroendocr ine carcinomas of the pancreas: A 
clinicopathologic analysis of 44 cases. Am J Surg Pathol. 
2014; 38:437-447.

16. Vélayoudom-Céphise FL, Duvillard P, Foucan L, et al. Are 
G3 ENETS neuroendocrine neoplasms heterogeneous? 
Endocr Relat Cancer. 2013; 20:649-657.

17. Tang LH, Untch BR, Reidy DL, O'Reilly E, Dhall D, Jih 
L, Basturk O, Allen PJ, Klimstra DS. Well-differentiated 
neuroendocrine tumors with a morphologically apparent 
high-grade component: A pathway distinct from poorly 
differentiated neuroendocrine carcinomas. Clin Cancer 
Res. 2016; 22:1011-1017.

18. Basturk O, Yang Z, Tang LH, Hruban RH, Adsay V, 
McCall CM, Krasinskas AM, Jang KT, Frankel WL, 
Balci S, Sigel C, Klimstra DS. The high-grade (WHO 
G3) pancreatic neuroendocrine tumor category is 
morphologically and biologically heterogenous and 
includes both well differentiated and poorly differentiated 
neoplasms. Am J Surg Pathol. 2015; 39:683-690.

19. Garcia-Carbonero R, Sorbye H, Baudin E, Raymond E, 
Wiedenmann B, Niederle B, Sedlackova E, Toumpanakis 
C, Anlauf M, Cwikla JB, Caplin M, O'Toole D, Perren 
A; Vienna Consensus Conference participants. ENETS 
consensus guidelines for high-grade gastroenteropancreatic 
neuroendocrine tumors and neuroendocrine carcinomas. 
Neuroendocrinology. 2016; 103:186-194.

20. Klöppel G, Rindi G, Perren A, Komminoth P, Klimstra 
DS. The ENETS and AJCC/UICC TNM classifications of 
the neuroendocrine tumors of the gastrointestinal tract and 
the pancreas: A statement. Virchows Arch. 2010; 456:595-
597.

21. Scarpa A, Mantovani W, Capelli P, Beghelli S, Boninsegna 
L, Bettini R, Panzuto F, Pederzoli P, delle Fave G, Falconi 
M. Pancreatic endocrine tumors: Improved TNM staging 
and histopathological grading permit a clinically efficient 
prognostic stratification of patients. Mod Pathol. 2010; 
23:824-833.

22. Bilimoria KY, Talamonti MS, Tomlinson JS, Stewart 
AK, Winchester DP, Ko CY, Bentrem DJ. Prognostic 
score predicting survival after resection of pancreatic 
neuroendocrine tumors: Analysis of 3851 patients. Ann 
Surg. 2008; 247:490-500.

23. Pomianowska E, Gladhaug IP, Grzyb K, Røsok BI, 
Edwin B, Bergestuen DS, Mathisen O. Survival following 
resection of pancreatic endocrine tumors: Importance of 
R-status and the WHO and TNM classification systems. 
Scand J Gastroenterol. 2010; 45:971-979.

24. Rindi G, Falconi M, Klersy C, et al. TNM staging of 
neoplasms of the endocrine pancreas: Results from a 
large international cohort study. J Natl Cancer Inst. 2012; 
104:764-777.

25. Luo G, Javed A, Strosberg JR, et al. Modified staging 
classification for pancreatic neuroendocrine tumors on 
the basis of the american joint committee on cancer and 
european neuroendocrine tumor society systems. J Clin 
Oncol. 2017; 35:274-280.

26. Kumbasar B, Kamel IR, Tekes A, Eng J, Fishman EK, 
Wahl RL. Imaging of neuroendocrine tumors: Accuracy 



www.irdrjournal.com

Intractable & Rare Diseases Research. 2017; 6(1):21-28. 27

of helical CT versus SRS. Abdom Imaging. 2004; 29:696-
702.

27. Thoeni RF, Mueller-Lisse UG, Chan R, Do NK, Shyn 
PB. Detection of small, functional islet cell tumors in the 
pancreas: Selection of MR imaging sequences for optimal 
sensitivity. Radiology. 2000; 214:483-490.

28. van Essen M, Sundin A, Krenning EP, Kwekkeboom 
DJ. Neuroendocrine tumours: The role of imaging for 
diagnosis and therapy. Nat Rev Endocrinol. 2014; 10:102-
114.

29. Dromain C, Déandréis D, Scoazec JY, Goere D, Ducreux 
M, Baudin E, Tselikas L. Imaging of neuroendocrine 
tumors of the pancreas. Diagn Interv Imaging. 2016; 
97:1241-1257.

30. Khashab MA, Yong E, Lennon AM, Shin EJ, Amateau S, 
Hruban RH, Olino K, Giday S, Fishman EK, Wolfgang 
CL, Edil BH, Makary M, Canto MI. EUS is still superior 
to multidetector computerized tomography for detection 
of pancreatic neuroendocrine tumors. Gastrointest Endosc. 
2011; 73:691-696.

31. Kawakami H, Kubota Y, Sakamoto N. Endoscopic 
ultrasound-guided fine-needle aspiration of gastrointestinal 
and pancreatic tumors: Is negative pressure helpful or does 
it suck? Dig Dis Sci. 2016; 61:660-662.

32. Reubi JC, Waser B, Schaer JC, Laissue JA. Somatostatin 
receptor sst1-sst5 expression in normal and neoplastic 
human tissues using receptor autoradiography with 
subtype-selective ligands. Eur J Nucl Med. 2001; 28:836-
846.

33. Deroose CM, Hindié E, Kebebew E, Goichot B, 
Pacak K, Taïeb D, Imperiale A. Molecular imaging of 
gastroenteropancreatic neuroendocrine tumors: Current 
status and future directions. J Nucl Med. 2016; 57:1949-
1956.

34. Krenning EP, Kwekkeboom DJ, Bakker WH, et al. 
Somatostatin receptor scintigraphy with [111In-DTPA-
D-Phe1]- and [123I-Tyr3]-octreotide: The rotterdam 
experience with more than 1000 patients. Eur J Nucl Med. 
1993; 20:716-731.

35. Sadowski SM, Neychev V, Millo C, Shih J, Nilubol 
N, Herscovitch P, Pacak K, Marx SJ, Kebebew E. 
Prospective study of 68Ga-DOTATATE positron emission 
tomography/computed tomography for detecting gastro-
entero-pancreatic neuroendocrine tumors and unknown 
primary sites. J Clin Oncol. 2016; 34:588-596.

36. Naswa N, Sharma P, Kumar A, Nazar AH, Kumar R, 
Chumber S, Bal C. Gallium-68-DOTA-NOC PET/CT 
of patients with gastroenteropancreatic neuroendocrine 
tumors: A prospective single-center study. AJR Am J 
Roentgenol. 2011; 197:1221-1228.

37. Lawrence B, Gustafsson BI, Kidd M, Pavel M, Svejda B, 
Modlin IM. The clinical relevance of chromogranin A as 
a biomarker for gastroenteropancreatic neuroendocrine 
tumors. Endocrinol Metab Clin North Am. 2011; 40:111-
134, viii.

38. Han X, Zhang C, Tang M, Xu X, Liu L, Ji Y, Pan B, Lou 
W. The value of serum chromogranin A as a predictor 
of tumor burden, therapeutic response, and nomogram-
based survival in well-moderated nonfunctional pancreatic 
neuroendocrine tumors with liver metastases. Eur J 
Gastroenterol Hepatol. 2015; 27:527-535.

39. de Herder WW. Biochemistry of neuroendocrine tumours. 
Best Pract Res Clin Endocrinol Metab. 2007; 21:33-41.

40. Chiruvella A, Kooby DA. Surgical management of 
pancreatic neuroendocrine tumors. Surg Oncol Clin N 

Am. 2016; 25:401-421.
41. Clancy TE. Surgical management of pancreatic 

neuroendocrine tumors. Hematol Oncol Clin North Am. 
2016; 30:103-118.

42. Frilling A, Modlin IM, Kidd M, et al. Recommendations 
for management of patients with neuroendocrine liver 
metastases. Lancet Oncol. 2014; 15:e8-21.

43. Jin K, Xu J, Chen J, et al. Surgical management for 
non-functional pancreatic neuroendocrine neoplasms 
with synchronous liver metastasis: A consensus from 
the Chinese Study Group for Neuroendocrine Tumors 
(CSNET). Int J Oncol. 2016; 49:1991-2000.

44. Teh SH, Deveney C, Sheppard BC. Aggressive pancreatic 
resection for primary pancreatic neuroendocrine tumor: Is 
it justifiable? Am J Surg. 2007; 193:610-613.

45. Norton JA, Harris EJ, Chen Y, Visser BC, Poultsides GA, 
Kunz PC, Fisher GA, Jensen RT. Pancreatic endocrine 
tumors with major vascular abutment, involvement, or 
encasement and indication for resection. Arch Surg. 2011; 
146:724-732.

46. Kuo EJ, Salem RR. Population-level analysis of pancreatic 
neuroendocrine tumors 2 cm or less in size. Ann Surg 
Oncol. 2013; 20:2815-2821.

47. Gaujoux S, Partelli S, Maire F, D'Onofrio M, Larroque B, 
Tamburrino D, Sauvanet A, Falconi M, Ruszniewski P. 
Observational study of natural history of small sporadic 
nonfunctioning pancreatic neuroendocrine tumors. J Clin 
Endocrinol Metab. 2013; 98:4784-4789.

48. Yang G, Ji M, Chen J, et al. Surgery management for 
sporadic small (≤ 2 cm), non-functioning pancreatic 
neuroendocrine tumors: A consensus statement by the 
Chinese study group for neuroendocrine tumors (CSNET). 
Int J Oncol. 2017; 50:567-574.

49. Haugvik SP, Kaemmerer D, Gaujoux S, Labori KJ, 
Verbeke CS, Gladhaug IP. Pathology and surgical 
treatment of high-grade pancreatic neuroendocrine 
carcinoma: An evolving landscape. Curr Oncol Rep. 2016; 
18:28.

50. Fischer L, Bergmann F, Schimmack S, Hinz U, Prieß 
S, Müller-Stich BP, Werner J, Hackert T, Büchler MW. 
Outcome of surgery for pancreatic neuroendocrine 
neoplasms. Br J Surg. 2014; 101:1405-1412.

51. Kulke MH. Sequencing and combining systemic therapies 
for pancreatic neuroendocrine tumors. J Clin Oncol. 2015; 
33:1534-1538.

52. Raymond E, Garcia-Carbonero R, Wiedenmann B, 
Grande E, Pavel M. Systemic therapeutic strategies for 
GEP-NETS: What can we expect in the future? Cancer 
Metastasis Rev. 2014; 33:367-372.

53. Strosberg JR. Systemic treatment of gastroentero-
pancreatic neuroendocrine tumors (GEP-NETS): Current 
approaches and future options. Endocr Pract. 2014; 
20:167-175.

54. Sorbye H, Welin S, Langer SW, et al. Predictive and 
prognostic factors for treatment and survival in 305 
patients with advanced gastrointestinal neuroendocrine 
carcinoma (WHO G3): The NORDIC NEC study. Ann 
Oncol. 2013; 24:152-160.

55. Moertel CG, Kvols LK, O'Connell MJ, Rubin J. Treatment 
of neuroendocrine carcinomas with combined etoposide 
and cisplatin. Evidence of major therapeutic activity in 
the anaplastic variants of these neoplasms. Cancer. 1991; 
68:227-232.

56. Chan JA, Kulke MH. New treatment options for patients 
with advanced neuroendocrine tumors. Curr Treat Options 



www.irdrjournal.com

Intractable & Rare Diseases Research. 2017; 6(1):21-28.28

Oncol. 2011; 12:136-148.
57. Strosberg JR, Fine RL, Choi J, Nasir A, Coppola D, 

Chen DT, Helm J, Kvols L. First-line chemotherapy with 
capecitabine and temozolomide in patients with metastatic 
pancreatic endocrine carcinomas. Cancer. 2011; 117:268-
275.

58. Yang F, J in C, Fu D. Lanreot ide in metas ta t ic 
enteropancreatic neuroendocrine tumors. N Engl J Med. 
2014; 371:1556.

59. Rinke A, Müller HH, Schade-Brittinger C, Klose KJ, 
Barth P, Wied M, Mayer C, Aminossadati B, Pape 
UF, Bläker M, Harder J, Arnold C, Gress T, Arnold R; 
PROMID Study Group. Placebo-controlled, double-blind, 
prospective, randomized study on the effect of octreotide 
LAR in the control of tumor growth in patients with 
metastatic neuroendocrine midgut tumors: A report from 
the PROMID Study Group. J Clin Oncol. 2009; 27:4656-
4663.

60. Maxwell JE, Sherman SK, Howe JR. Translational 
diagnostics and therapeutics in pancreatic neuroendocrine 
tumors. Clin Cancer Res. 2016; 22:5022-5029.

61. Kwekkeboom DJ, de Herder WW, Kam BL, van Eijck 
CH, van Essen M, Kooij PP, Feelders RA, van Aken 
MO, Krenning EP. Treatment with the radiolabeled 
somatostatin analog [177 Lu-DOTA 0,Tyr3]octreotate: 
Toxicity, efficacy, and survival. J Clin Oncol. 2008; 
26:2124-2130.

62. NETTER-1 phase I I I i n pa t i en t s w i th midgu t 
neuroendocrine tumors treated with 177Lu-DOTATATE: 
Efficacy and safety results. Clin Adv Hematol Oncol. 

2016; 14:8-9.
63. Capozzi M, VON Arx C, DE Divitiis C, Ottaiano A, 

Tatangelo F, Romano GM, Tafuto S. Antiangiogenic 
therapy in pancreatic neuroendocrine tumors. Anticancer 
Res. 2016; 36:5025-5030.

64. Du S, Wang Z, Sang X, Lu X, Zheng Y, Xu H, Xu Y, Chi 
T, Zhao H, Wang W, Cui Q, Zhong S, Huang J, Mao Y. 
Surgical resection improves the outcome of the patients 
with neuroendocrine tumor liver metastases: Large data 
from Asia. Medicine (Baltimore). 2015; 94:e388.

65. Faivre S, Niccoli P, Castellano D, et al. Sunitinib in 
pancreatic neuroendocrine tumors: Updated progression-
free survival and final overall survival from a phase III 
randomized study. Ann Oncol. 2016; doi: 10.1093/annonc/
mdw561.

66. Hobday TJ, Qin R, Reidy-Lagunes D, Moore MJ, Strosberg 
J, Kaubisch A, Shah M, Kindler HL, Lenz HJ, Chen H, 
Erlichman C. Multicenter phase II trial of temsirolimus and 
bevacizumab in pancreatic neuroendocrine tumors. J Clin 
Oncol. 2015; 33:1551-1556.

67. Yao JC, Pavel M, Lombard-Bohas C, Van Cutsem E, Voi 
M, Brandt U, He W, Chen D, Capdevila J, de Vries EG, 
Tomassetti P, Hobday T, Pommier R, Öberg K. Everolimus 
for the treatment of advanced pancreatic neuroendocrine 
tumors: Overall survival and circulating biomarkers from 
the randomized, phase III RADIANT-3 study. J Clin 
Oncol. 2016; doi: 10.1200/JCO.2016.68.0702.

 (Received February 1, 2017; Revised February 14, 2017; 
Accepted February 22, 2017)


