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  Classification and Epidemiology 
 The WHO 2010 classification  [1]  distinguishes be-

tween well-differentiated neuroendocrine tumors (NETs) 
and poorly differentiated neuroendocrine carcinomas 
(NECs) of small or large cell type. NETs are then divided 
according to a grading scheme based on mitotic count or 
Ki67 index in NETs-G1 (with a mitotic count  ! 2 per 10 
high-power fields (HPF) and/or  ̂  2% Ki67 index), and 
NETs-G2 (with a mitotic count 2–20 per 10 HPF and/or 
3–20% Ki67 index). All NECs are graded G3 (with a mi-
totic count  1 20 per 10 HPF and/or  1 20% Ki67 index).

  Most pancreatic NF-NENs are well differentiated (i.e. 
NETs); NF-NECs are uncommon. NF-NETs have a crude 

 Introduction 

 Definition 
 The term non-functioning (NF) neuroendocrine neo-

plasm (NF-NEN) of the pancreas refers exclusively to tu-
mors without clinical symptoms of hormonal hyperse-
cretion. However, NF tumors may well show immunohis-
tochemical positivity for hormones (1) which may be 
produced, but not secreted, (2) which are clinically inert 
such as pancreatic polypeptide, and (3) whose serum con-
centrations are insufficient to induce symptoms.
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annual incidence of 1.8 in females and 2.6 in males, ac-
cording to the Surveillance, Epidemiology, and End Re-
sults (SEER)  [2, 3] . The incidence increases with age and 
peaks in the sixth and seventh decade of life. These data 
are in keeping with those reported in the European reg-
istries  [4, 5] , whereas a slightly higher incidence has been 
reported in a French study  [6] . Data from Japan  [7]  indi-
cate that the prevalence of pancreatic NET is 2.23/100,000 
and NF pancreatic NET constituted 47% of all NET. 
These data are consistent with those from the SEER that 
indicate an incidence of 60–90% of NF forms. The ad-
vances in the accessibility of diagnostic imaging have led 
to an increase in the incidental detection of NF-NETs  [8] . 
Autopsy studies searching for small ( ! 1 cm) NETs re-
ported frequencies ranging from 0.8 to 10%  [9] .

  Minimal Consensus Statements on Classification and 
Epidemiology 

 Pancreatic NF-NENs are defined by the absence of a hormone 
hypersecretion syndrome. The majority of pancreatic NENs are 
NF. There appears to be a definite increase in pancreatic NETs 
(which includes NF forms). The classification of these neo-
plasms as of neuroendocrine origin refers to the immunohisto-
chemical positivity of synaptophysin and chromogranin A 
(CgA). NF-NENs are separated and graded according to the 
2010 WHO classification into NETs G1 or G2 and NECs G3.

  Clinical Presentation 
 NF-NENs usually become clinically apparent when 

they reach a size that causes compression or invasion of 
adjacent organs, or when they metastasize. In this con-
text, pancreatic NF-NETs are usually diagnosed late in 
the course of the disease. However, the mean tumor di-
ameter decreased in the last decades and this is mainly 
due to the widespread use of cross-sectional imaging 
technique  [8] . When symptomatic, the most common 
presenting symptoms are abdominal pain (35–78%), 
weight loss (20–35%), anorexia and nausea (45%). Less 
frequent signs are intra-abdominal hemorrhage (4–20%), 
jaundice (17–50%) or a palpable mass (7–40%)  [10–14] . In 
rare cases, in both familiar and more rarely sporadic NF-
NENs, the tumor may become functional during the 
clinical course and present hormonal symptoms. A re-
cent Italian multicenter observational study  [15]  showed 
that 32% of NF pancreatic NETs present liver metastases 
at first diagnosis although this rate is slightly lower than 
those currently reported in the literature where rates 
ranging from 46 to 73% are described  [3, 5, 16–23] . Ac-
cording to SEER data  [3] , localized, regional, and distant 
stages corresponded to 14, 23, and 54% of cases. Similar 

rates for staging at diagnosis were 35, 32 and 44% for the 
Spanish registry  [5] . A recent selective European series 
staged 131 pancreatic NETs as: stage I (5%), stage II (15%), 
stage III (22%) and stage IV (55%)  [24] .

  Prognosis 
 In a population-based study the median overall sur-

vival for patients with NF pancreatic NET was found to 
be 38 months  [3] . The survival is mostly affected by the 
presence of distant metastases  [25–34] . Particularly, pa-
tients with distant metastases have a median survival of 
23 months compared with 124 and 70 months of those 
with localized and regional disease, respectively  [3] . Tu-
mor grade has also been implicated as a significant pre-
dictor of survival  [17, 31, 33–35] . Patients with G2 and G3 
neoplasms showed significantly shorter 5- and 10-year 
survival and a respective 2- and 10-fold higher risk of 
death  [36] . Others factors that negatively affect the sur-
vival are age  1 40 years  [17, 34]  and positive surgical mar-
gins  [17, 22] . Rapid progression of liver metastases (more 
than 25% volume increase within 6–12 months) and the 
development of bone metastases also confer a poor prog-
nosis  [37] . Criteria for assessing the prognosis of endo-
crine pancreatic tumors are shown in  table 1 .

  Minimal Consensus Statements on Clinical 
Presentation and Prognosis 

 NF pancreatic NETs were formerly thought to present as large 
tumors, with signs and symptoms related to the tumor burden; 
however, more recent data reveals that these tumors increased 
incidence appears related to smaller incidental tumors. At first 
diagnosis the incidence of liver metastases ranges from 32 to 
73%. The median overall survival of NF pancreatic NETs is 38 
months with a 5-year survival rate of 43%. The presence of dis-
tant metastases and the degree of differentiation are the most 
powerful predictor of poor survival.

  Hereditary Tumor Syndromes 
  Multiple Endocrine Neoplasia Type 1 (MEN-1).  MEN-1 

is a rare autosomal dominant condition characterized by 
the development of well-differentiated tumors of the 
parathyroids, pancreas, duodenum and pituitary. MEN-1 
patients are also prone to develop bronchial and thymic 
NETs, adrenal tumors, dermal lesions, thyroid disease, 
and meningeal tumors  [38–42] .

  Although only a small number of patients with pan-
creatic NF-NETs have MEN-1 syndrome, these neo-
plasms occur in the 19% of patients diagnosed with MEN-
1 with an incidence of 3, 34 and 53% of patients at age 20, 
50, and 80 years. In the setting of MEN-1 syndrome, pa-
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tients with NF tumors had a poorer survival than that of 
patients without pancreatic involvement. Moreover, the 
tumor size significantly correlates with the presence of 
metastasis and patients with smaller tumors had a sig-
nificantly better prognosis  [43] .

   Von Hippel-Lindau Disease (VHL).  VHL is an autoso-
mal dominant syndrome that predisposes individuals to 
a variety of neoplasms. VHL is associated with tumors in 
a variety of organs including kidney (renal cell carcinoma 
of clear cell type), the adrenal glands (pheochromocyto-
ma), the central nervous system (hemangioblastoma), the 
eye (retinal angioma), the inner ear (endolymphatic sac 
neoplasm), the epididymis (epididymal cystadenoma), 
and the pancreas (serous cystic neoplasms and solid well-
differentiated NETs). The frequency of pancreatic in-
volvement in the largest series of VHL patients studied by 
imaging methods varied from 17 to 56%  [44–46] . Spe-
cifically, the incidence of NF pancreatic NETs ranges 
from 11 to 17%  [47, 48] . NETs in VHL have a good prog-
nosis although a small fraction of patients have an aggres-
sive disease.

   Tuberous Sclerosis . Pancreatic NF-NETs may also be 
associated with tuberous sclerosis  [49, 50] .

  Minimal Consensus Statements on the Manifestation 
of Non-Functioning Pancreatic NETs in Hereditary 
Tumor Syndromes 

 NF-NETs occur in association with the MEN-1 syndrome (up 
to 50% and greater some series). They usually appear at an ear-
lier age than do sporadic pancreatic NETs, may precede other 
manifestations of the syndrome and determine the prognosis of 
the patients. Pancreatic NF-NETs occur in 13–17% of patients 
with VHL and may be seen in patients with tuberous sclerosis.

  Diagnostic Procedures: Imaging, Nuclear Medicine 

and Laboratory Tests 

 Somatostatin-Receptor Scintigraphy (SRS)  
 SRS has a sensitivity and specificity for pancreatic 

NETs of 90 and 80%, respectively  [51, 52] . SRS is the cen-
tral modality for localization of the primary and defini-
tion of the extent of the disease. Whole-body imaging al-
lows for detection of distant metastases and thus influ-
ences therapeutic decisions  [53] . SRS is indicated as the 
first staging procedure and whenever the demonstration 
of extrahepatic metastases is necessary for therapeutic de-
cisions. The following details indicate the recommended 
standard procedure: a double- or triple-head gamma cam-
era and a medium-energy, parallel-hole collimator, peaks 
at 172 and 245 keV with a window of 20%.  111 In-octreotide 
200 MBq for planar, 200–220 MBq for SPECT images. At 
an acquisition time of 15 min and 4 h postinjection (p.i.) 
anterior and posterior abdominal views, at 24 h p.i. ante-
rior and posterior views of the upper abdomen, head, chest 
and pelvis, as well as left and right lateral, anterior and 
posterior oblique views of the upper abdomen. Optional 
delayed images at 30–48 h p.i. are recommended. Whole-
body imaging should be performed with a scanning speed 
of 3 cm/min. SPECT images should be acquired at 24 h p.i. 
with a 6 ° step rotation for 360 ° /40–60 s  [54] .

  In comparison to scintigraphy, positron emission to-
mography (PET) has a 2- to 3-fold higher spatial resolu-
tion (3–6 vs. 10–15 mm) and facilities quantification of 
tracer uptake. PET with the  68 Ga-labelled somatostatin 
analogue DOTA- D -Phe 1 -Tyr 3 -octreotide (DOTATOC) is 
superior to  18 F-fluorodeoxyglucose PET in the detection 
of NENs  [55] . Moreover,  68 Ga-DOTATOC PET is better 
with respect to  111 In-DTPA-octreotide ( 111 In-DTPAOC) 

Table 1.  Criteria for assessing the prognosis of endocrine pancreatic neoplasms

Biological 
behavior

WHO classification (2000) WHO classifica-
tion (2010)

Metas-
tases

Inva-
sion

Tumor 
size, cm

Angio-
invasion

Ki67, %

Benign Well-differentiated endocrine tumor NET G1 or NET G2 – – ≤2 – usually 
around 2

Benign or
low-grade malignant

Well-differentiated endocrine tumor NET G1 or NET G2 – – >2 8 usually 
around 2

Low-grade malignant Well-differentiated endocrine carcinoma NET G1 or G2 + + any + usually >2

High-grade malignant Poorly-differentiated endocrine carcinoma NEC or G3 + + any + >20

N ET = Neuroendocrine tumor; NEC = neuroendocrine carcinoma.
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SPECT in imaging NEN manifestations, and  68 Ga-DOT-
ATOC PET findings are more clinically relevant. Never-
theless,  68 Ga-DOTATOC PET and  111 In-DTPAOC SPECT 
have similar accuracy regarding the imaging of pancre-
atic region although firm data are not available  [56] .

  PET using the catecholamine precursor 6-[fluoride-18]
fluoro-levodopa ( 18 F-DOPA) has emerged as a new imag-
ing method for NENs  [57] . The sensitivity of  18 F-DOPA in 
staging and identification of carcinoid tumors, compared 
with SRS, is higher  [58] . In comparison with another PET 
tracer for NENs, 11-carbon-5-hydroxytryptophan (5-
HTP)  [59] , 5-HTP-PET was the optimal imaging modality 
for staging of pancreatic NENs, whereas F-DOPA PET 
showed a higher sensitivity in carcinoids  [60] . Since   F-DO-
PA PET is more available, it could add important informa-
tion on tumor localizations and prognosis and be used to 
aid research in the response to new molecular-targeted 
drugs, possibly even replacing SRS. However, further stud-
ies are needed to confirm these preliminary results.

  Ultrasound and Contrast-Enhanced Ultrasonography 
 Ultrasound (US) is an operator-sensitive modality 

leading to wide variation regarding sensitivity and speci-
ficity. For pancreatic NET diagnosis, a mean 39% detec-
tion rate was found  [61] . The recent introduction of con-
trast-enhanced ultrasonography (CEUS) has led to im-
provement in the diagnostic capabilities of B-mode 
sonography, mainly of the liver  [62]  and the pancreas  [63, 
64] . The use of second-generation blood-poor contrast 
agents combined with low acoustic-pressure insonation 
technique has facilitated dynamic continuous evaluation 
of tumor enhancement patterns in the arterial, venous, 
and late phases, enabling depiction of the micro- and 
macrocirculation of pancreatic tumors. CEUS therefore 
allows continuous dynamic observation of contrast en-
hancement phases, enabling identification of hypervas-
cular lesions, even in case of fast-flow tumoral circula-
tion, as in NF pancreatic NETs. The CEUS is significant-
ly superior to B-mode sonography in the diagnosis of NF 
pancreatic NETs with a correlation between CEUS en-
hancement pattern and the Ki67 index  [65] . Moreover, 
CEUS is more sensitive than US in the detection of liver 
metastases that are visualized at CEUS as hyperenhanc-
ing inhomogeneous lesions  [66]  

  Endoscopic Ultrasound-Guided Fine-Needle 
Aspiration 
 Endoscopic ultrasound (EUS) provides high-resolution 

images of structures within or just beyond the wall of the 
gastrointestinal tract  [67, 68] . EUS is an effective tool and 

a better modality with which to identify pancreatic NENs. 
The EUS-guided fine-needle aspiration (FNA) is a useful 
method for the diagnosis of pancreatic NENs  [69–71] . The 
typical cytological findings, along with immunocyto-
chemical stains, allow the accurate identification of NETs.

  CT Scan 
 NF pancreatic NENs appear typically as hypervascu-

lar lesions at CT scan with enhancement, but are fre-
quently moderately hypervascular particularly when the 
lesions are large in size  [61] . They may have calcifications. 
In addition, areas of cystic degeneration are visualized as 
regions of reduced vascularity by contrast-enhanced 
computed tomography (CT). Images should be obtained 
with multidetector CT (1 mm or sub-millimeter section 
thickness) at the peak arterial phase of contrast enhance-
ment and reconstructed at several thickness, allowing 
also reconstruction in three-dimensional volumes  [54, 
61, 72, 73] . In the evaluation of NF pancreatic NETs, the 
combination of arterial dominant-phase (AP) and portal 
venous-phase (PVP) CT improves the detection of hepat-
ic metastases and primary tumors  [74] . 

  Particularly, multiphase (especially PVP) CT and 
magnetic resonance imaging (MRI) have similar effec-
tiveness in the detection of islet cell tumors if fat-saturat-
ed T 1 -weighted and delayed enhanced T 1 -weighted MRI 
are included  [75] . The sensitivity and specificity of CT 
scan in diagnosis pancreatic NET are 73 and 96%, respec-
tively  [61] .

  Magnetic Resonance Imaging 
 MRI plays an important role in the detection of pan-

creatic NETs, in particular with the use of fast spin echo 
and fat saturation techniques. MR with diffusion-weight-
ed sequences are widely used, showing a high sensitivity 
for detecting all cellular lesion. Fat-suppressed T 1 -weight-
ed sequences are particularly useful in imaging pancre-
atic lesions. Pancreatic NENs are of lower signal intensity 
than normal pancreatic tissue and this explains the great-
er detection rate with fat-suppressed T 1 -weighted images 
 [76] . Additionally, T 2 -weighted MR images differentiate 
the hyperintense neuroendocrine pancreatic tumor from 
the frequently scirrhous, and thus hypointense, adeno-
carcinoma. The sensitivity of CT and MRI is in the range 
of 75–79%, using comparable technical standards and 
equipment  [75] . The technique which best visualizes the 
individual tumor should be used for follow-up. An algo-
rithm of different diagnostic options for the identifica-
tion, typing and staging of NF pancreatic NETs is given 
in  figure 1 .
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  Minimal Consensus Statement on Imaging 

 US combined with state-of-the-art contrast-enhanced CT/
MRI (including MRCP) is recommended. The decision whether 
to use CT or MRI depends on the preference, skill and expertise 
of the radiologist and the availability of the different techniques 
at each institution. Somatostatin receptor scintigraphy has been 
the mainstay single-screening method for extrahepatic disease 
manifestation although PET using  68 Ga and  18 F-DOPA appears 
to be challenging and may give better resolution and detect more 
lesions. Patients with small NF pancreatic NETs may be assessed 
using EUS, and EUS-FNAB has shown good results in confirm-
ing a diagnosis. Contrast-enhanced US appears to improve 
characterization of NET liver metastases and CE-EUS may 
prove effective in characterizing pancreatic NETs.

  Laboratory Tests 
 The diagnosis and staging of NETs are significantly 

improved by the introduction of the CgA assay in plasma 
or serum, as a tumor marker  [77, 78] . Human CgA is a 
glycoprotein belonging to the family of the chromogra-
nins, also known as secretogranins, which are present in 
the secretory granules storing peptide hormones and cat-
echolamine throughout the neuroendocrine system. CgA 
is the best circulating neuroendocrine marker available 
for the management of differentiated NETs and its deter-
mination is useful to evaluate the response to therapy and 
to follow-up patients with liver metastases  [79–82] . The 

combined assessment of CgA and pancreatic polypeptide 
(PP) (quite often both the substances are immunohisto-
chemically positive in the tumor;  fig. 2 a, b) leads to a sig-
nificant increase in the diagnosis of pancreatic NETs with 
an increasing in sensitivity from 74 to 90%  [83, 84] . Pa-
tients with pancreatic NETs as part of a MEN-1 syndrome 
have raised basal serum PP and gastrin levels  [84] . On the 
contrary, the determination of serum PP and gastrin lev-
els after a meal stimulation test in patients with MEN-1 
adds no information about the presence of pancreatic en-
docrine tumors over that provided by basal values of the 
two peptides.

  Minimal Consensus Statement on Laboratory Tests 
 CgA is a recommended tumor marker, while the sensitivity 

and specificity of meal-stimulated PP are controversial. PP may 
be useful for early detection of pancreatic tumors in MEN-1. Ex-
tensive hormonal screening is not justified unless the patient dur-
ing follow-up starts presenting hormonal symptoms.

  Pathology and Genetics 

 Histopathology 
 Most NF-NENs are well-differentiated tumors show-

ing various histological patterns (i.e. solid, trabecular, 

Abdominal US

EUS (± EUS-FNAC/B)

Resectable disease Unresectable disease

EUS or US-guided FNAC/BSurgery ± IOUS

Follow-up: CT/SRS

US endoscopy/hepatocyte-specific
MRI

Abdominal CT/MRI

SRS or 68Ga PET

  Fig. 1.  Suggested algorithm of different 
diagnostic options for the identification, 
typing and staging of non-functioning 
pancreatic NENs. US = Ultrasound; EUS = 
endoscopic ultrasound; FNAC/B = fine-
needle aspiration cytology/biopsy; CT = 
computerized tomography; MRI = mag-
netic resonance imaging; SRS = soma-
tostatin-receptor scintigraphy; PET = pos-
itron emission tomography; IOUS = intra-
operative ultrasound. 
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glandular and others). While FNS cytology is not recom-
mended as a standard diagnostic procedure, it may be 
helpful in establishing the correct pre- or intraoperative 
diagnosis. Immunostaining with general neuroendo-
crine markers (synaptophysin and CgA) establishes the 
neuroendocrine nature of the tumor  [86, 87] . A variety of 
prognostic or treatment-related biomarkers (i.e. CK19) 
has been investigated, and some may have significant 
utility in the future, but currently, are not recommended 
to be routinely used outside of specific research settings 
 [86] . According to the WHO classification the diagnostic 
report should include: (1) the histological classification of 
the lesion (as NET or NEC, small or large cell type), (2) 
the grade (G1, G2 or G3), (3) the relevant TNM stage (ac-
cording to ENETS and UICC 2009), and (4) and expres-
sion of hormones, transcription factors or somatostatin 
receptors. The examination of the latter factors is option-
al and may be performed in order to establish functional 
activity, help to find the primary (in case of a CUP) and/
or to identify somatostatin receptors for diagnosis and 
therapy of NETs  [1] .

  Genetics 
 The genetic molecular diagnosis of MEN-1 syndrome 

should be considered only in selected cases  [88] . When a 
VHL syndrome is suspected, all patients should be inves-
tigated for germline alterations in the VHL gene  [89] . Mu-
tational analysis should be performed to test for menin or 
VHL mutations.

  Minimal Consensus Statement on Histopathology and 
Genetics 
 The pathological report should contain a detailed description 

of the macroscopic, microscopic and immunohistochemical find-
ings, in order to support the diagnosis of a NET and to allow for 
its correct classification, according to the current WHO criteria. 
Germline DNA testing, e.g. mutational analysis, is only justified 
in clinical situations strongly suggesting MEN-1 or VHL.

  Surgical Therapy 

 Curative Surgery 
  Indication  
 Surgery represents the treatment of choice for any lo-

calized pancreatic neoplasm since it is associated with sig-
nificant benefits in terms of survival  [90] . Nevertheless, 
the improvement of cross-sectional imaging techniques 
significantly increases the detection of small NF-NET and 
it is now debated if all the small and asymptomatic lesions 
should be routinely resected  [91] . Most of neoplasms  ̂  2 
cm are likely benign or intermediate-risk lesions and only 
6% of NF pancreatic NETs  ̂  2 cm are malignant when 
incidentally discovered  [92] . In this setting, a non-opera-
tive approach could be advocated in selected cases for tu-
mors  ̂  2 cm that are discovered incidentally. An intensive 
3-month follow-up for the first year and the 6 months up 
to 3 years could be recommended in these patients. More-
over, the choice of the appropriate management of these 
small tumors should be well balanced with the short- and 
long-term sequelae of pancreatic resection procedures.

a b

  Fig. 2.  Non-functioning pancreatic NETs: ( a ) well-differentiated solid tumor cell nests ( b ) with immunostaining for PP. 
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  An early diagnosis and surgical excision of MEN-1-
related pancreatic NETs improve survival preventing or 
delaying the development of distant metastases  [93] . It is 
mandatory to operate MEN-1-related NF pancreatic tu-
mors with (1) metastases, (2)  1 2 cm, and (3) with a yearly 
increased size  1 0.5 cm  [94] . On the contrary, pancreatic 
NETs  ̂  2 cm seem to have a more indolent behavior and 
their appropriate management is still debated.

   Type of Surgery  
 The surgical treatment of localized endocrine pancre-

atic tumors includes typical and atypical resections. They 
differ according to the tumor site: lesions of the pancre-
atic head are treated with a pancreaticoduodenectomy 
(PD) while lesions of the body and tail with a left pancre-
atectomy (LP) with or without spleen preservation. Typi-
cal pancreatic resections are associated with a high inci-
dence of perioperative complications  [95]  as well as exo-
crine and endocrine insufficiency. Atypical resections 
have been proposed in the management of NF pancreatic 
NETs, especially when well demarcated and small in size. 
Presently, no consensus exists on the diameter cutoff. Al-
though the risk of malignancy cannot be completely ex-
cluded, a 2-cm cutoff should be sufficiently safe  [96] . 
Middle pancreatectomy is performed only for small tu-
mors of the pancreatic body, whereas an enucleation 
should be considered only if the main pancreatic duct can 
be safely preserved. The main advantage for atypical re-
sections is that they are associated with a decreased long-
term endocrine/exocrine impairment when compared to 
standard resections  [97, 98] . On the other side, atypical 
resections are associated with a high rate of pancreatic 
fistulas although they are mostly transient and with a low 
clinical impact. Moreover, negative margins cannot be 
obtained after enucleation and in both enucleation and 
middle pancreatectomy a lymphadenectomy is not usu-
ally performed. As a consequence, a nodal sampling 
should be always performed and atypical resection con-
sidered only for small lesions with benign or uncertain 
behavior. Laparoscopic procedures play an important 
role in the treatment of pancreatic endocrine tumors. It 
has been demonstrated that laparoscopic distal pancre-
atectomy and enucleation are safe and feasible in patients 
with pancreatic endocrine tumors  [99] .

  Surgical Strategies for Multiple Non-Functioning 
Pancreatic Neuroendocrine Tumors in MEN1 
 The surgical management of MEN-1-associated pan-

creatic NETs remains controversial for two main reasons. 
First, MEN-1-associated pancreatic NETs are almost al-

ways multifocal and, second, they are usually distributed 
throughout the pancreatic parenchyma  [93, 100] . In this 
setting, careful microdissection of the pancreas demon-
strates multiple, small microadenomas  [100] . While only 
a minority of the microadenomas acquires the potential 
to grow unrestrictedly, larger lesions may be genetically 
unstable, develop secondary mutations and will grow 
into clinically relevant lesions. Prophylactic surgery 
could remove these lesions before malignancy develops. 
However, while recent data show that early diagnosis and 
surgery improve survival  [93] , others suggest a more con-
servative approach, as their data indicate that only tu-
mors  1 2 cm are associated with an increased risk of ma-
lignancy  [94] . When surgery is indicated, the potential 
operations range from enucleation to total pancreatec-
tomy  [101] . An intraoperative US is always mandatory 
due to the high rate of multicentric lesions. The potential 
high postoperative and long-term morbidity of this pro-
cedure is commonly compared to the increasing evidence 
of good long-term survival (100% at 15 years) of patients 
with gastrinomas  ! 2 cm after conservative treatment 
 [102] .

  Minimal Consensus Statement on Curative Surgery 

 Localized, small, malignant tumors should be operated on 
aggressively, while in small ( ! 2 cm) possibly benign tumors the 
surgical risk-benefit ratio should be carefully weighted. In 
MEN-1 patients with multiple tumors, prophylactic surgery 
aims to remove the lesions before malignancy develops although 
this approach for small tumors is still controversial.

  Palliative Surgery 
  Surgery of Locally Advanced Pancreatic NETs  
 An aggressive surgical approach is justified for pan-

creatic NECs in selected patients. In this setting, criteria 
for surgical resection include the presence of nearby or-
gan invasion (stomach, spleen, colon, kidney, adrenal 
gland) or the invasion of vascular structures. Prior stud-
ies confirmed the survival advantages of an aggressive 
resection of pancreatic NETs when no residual macro-
scopic disease is left and no differences in terms of sur-
vival were observed in the comparison of R0 or R1 resec-
tion  [103] . The resectability of NF pancreatic NETs should 
be assessed preoperatively excluding the surgical resec-
tion under the following conditions: (1) circumferential 
invasion of portal vein system with portal cavernoma (tu-
mor thrombus excluded), and (2) circumferential inva-
sion of superior mesenteric artery. 

  The presence of celiac trunk invasion is not an abso-
lute limitation for distal pancreatectomy. The treatment 
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of choice is always a typical resection combined with 
lymphadenectomy and associated, if necessary, to nearby 
organs resection. Nevertheless, all available data are ret-
rospective analyses from mixed series – functioning and 
non-functioning – and surgery is only part of a multi-
modal approach. No data support debulking surgery for 
unresectable, locally advanced NF pancreatic tumor al-
though in selected cases surgery could alleviate mass-re-
lated symptoms by reducing tumor burden. 

  Surgery in Metastatic Non-Functioning Pancreatic 
NETs 
  Surgery of the Primary . In metastatic NF carcinomas, 

an advantage in terms of survival after primary tumor 
resection is not clearly demonstrated  [104, 105] . Addi-
tionally, surgery of primary tumor is only recommended 
for G1 and G2 tumors. However, resection of the primary 
tumor allows focusing the treatment on liver metastases 
including liver transplantation. In those NF tumors, a 
pancreatic resection could be only justified to prevent 
life-threatening and obstructive complications, includ-
ing bleeding or acute pancreatitis, jaundice or gastric ob-
struction. When the resection of primary pancreatic tu-
mor is indicated, a standard resection eventually extend-
ed to nearby structures and regional lymphadenectomy 
should be provided. A two-step surgery for bilobar liver 
metastases has been proposed  [106] . At first step, the pri-
mary tumor is resected along with part of liver metastases 
allowing liver hypertrophy for a second operation. This 
approach has an acceptable morbidity with no mortality.

   Surgery for Liver Metastases  
 Whenever a resection leaves no residual disease, an 

aggressive approach, including liver resection, is recom-
mended  [107] . Nevertheless, there are some criteria that 
should be met before proposing any surgical resections. 
In particular, the conditions that have to be assessed pre-
operatively are (1) the absence of extra-abdominal dis-
ease, (2) the presence of low proliferative index (Ki67) by 
FNB (G1 or G2), and (3) the existence of somatostatin re-
ceptors in order to deliver radiolabelled therapies as they 
resulted effective after cytoreductive surgery  [108] . Due 
to the high incidence of multifocal and bilateral metasta-
ses, a radical liver resection (90% of tumor removal) is 
possible only in 10% of the patients  [109] . The 5-year sur-
vival of patients treated with hepatic resection ranges 
from 47 to 76% and this compares well with the 30–40% 
5-year survival in untreated patients  [110–112] . However, 
the rate of tumor recurrence is high, up to 76%  [113, 114] . 
The type of hepatic resection depends on the number of 

liver metastases, site and hepatic reserve itself. It can 
range from simple enucleation to segmental resection or 
to hepatectomy. An intraoperative US has to be routinely 
performed for detecting all the liver lesions.

  In those patients with bilobar metastases or more than 
75% of liver involvement, radical surgery can be rarely 
performed. In this light, medical, ablative and emboliz-
ing techniques can be provided in order to allow radical 
resection  [114] . An algorithm of different treatment op-
tions for liver metastases in NF pancreatic NETs is given 
in  figure 3 .

  Minimal Consensus Statement on Palliative Surgery 

 Debulking of an unresectable primary is advisable in selected 
patients to avoid tumor-related complications. Surgery of liver 
metastases may be justified if at least 90% of the tumor mass can 
be reduced. This may be the case in only 10% of the patients and 
the rate of tumor recurrence is high.

  Locoregional Ablative Therapy  

 Selective (Chemo)Embolization 
 Hepatic arterial embolization (HAE) represents a val-

id palliative option in patients with pancreatic NETs with 
liver metastases who are not candidates for surgical re-
section  [115] . Many authors have favored hepatic artery 
chemoembolization (HACE) over HAE for tumors al-
though no studies have compared HAE with HACE in 
the treatment of metastatic NETs  [116] . The improvement 
in techniques has reduced the incidence of complications 
related to embolization that is now a generally safe pro-
cedure  [116] . HAE and HACE are effective in reducing 
tumor size, however, most of the studies have had rela-
tively small populations  [117–119] . Regarding HACE, the 
type of drug (5-FU, doxorubicin and mitomycin C), the 
appropriate dosage intervals and timing of the procedure 
are still controversial. 

  Radiofrequency Ablation 
 Various ablation techniques have been described, in-

cluding cryoablation, alcohol ablation, and radiofrequen-
cy ablation (RFA)  [120–122] . RFA involves conversion of 
radiofrequency waves to heat using a high alternating 
current that causes ionic vibration after the change in the 
current direction. RFA is an alternative treatment limited 
to patients with unresectable metastases  1 5–7 cm in di-
ameter. Depending on the tumor location, RFA can be 
performed laparoscopically or percutaneously with a low 
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morbidity and mortality  [122–127] . In some patients, 
RFA may be used to convert an unresectable disease into 
a resectable one  [128] . However, there are no data regard-
ing a prolonged survival in patients who undergo ablative 
procedures.

  Radioembolization 
 A novel approach to hepatic metastases involves arte-

rial embolization of yttrium-90 microspheres, following 
intra-arterial hepatic injection. This technique enables di-
rect delivery of radionuclide with a long-range tissue pen-
etration of up to 11 mm to hepatic metastases. Early expe-
riences with this technique seem to be encouraging, al-
though certain data are lacking  [129–131] . An algorithm 
for the treatment of liver metastases is given in  figure 2 .

  Minimal Consensus Statement on Locoregional 
Ablative Therapy  

 (Chemo)embolization and RAF have been used as locore-
gional ablative therapy per se or as an adjunct to palliative sur-
gery. Experience is limited, however, palliation seems possible 
in patients with a tumor burden of less than 75%, small metas-
tases ( ! 5 cm) and no extrahepatic metastases.

  Liver Transplantation  
 In a few, highly selected cases, liver transplantation 

may be an option. However, experience with liver trans-

plantation is limited. Patients considered for transplanta-
tion have to be free of extrahepatic metastases, unrespon-
sive to medical therapy, or not otherwise treatable. Pa-
tients with aggressive carcinomas should be excluded 
from liver transplantation. Most transplanted patients 
have recurrences within months to years, possibly due to 
postoperative immunosuppressive treatment and/or un-
diagnosed extrahepatic metastases prior to the proce-
dure. Hence, improved methods for the detection of ex-
trahepatic metastases are necessary before liver trans-
plantation can be used or recommended  [132–143] .

  Minimal Consensus Statement on Liver 
Transplantation  

 Liver transplantation may be an option in a patient without 
extrahepatic metastases, and low proliferation rate when all oth-
er therapeutic options have failed.

  Medical Therapy in Advanced Disease 

 Treatment of advanced disease is updated in a separate 
and comprehensive chapter  [144] . Here is a brief sum-
mary.

  Somatostatin analogues may be of value also in sub-
groups of patients with slowly progressive low prolifera-
tive NET (G1) of pancreatic and gastroduodenal origin 

Surgery for liver metastases in 
non-functioning pancreatic NETs

Synchronous

* Liver transplantation for selected cases

Unilobar

Resection of
primary +
hepatectomy

Resection of primary 
+ hepatectomy
(1- or 2-stage ±
ablative RFA)

• Systemic therapy
• Ablative strategies
  (RFA)
• HA(C)E

Hepatectomy ±
ablative treatment
• RFA

Bilobar Unresectable* Resectable

Metachronous
(or hepatic recurrence)

  Fig. 3.  Suggested algorithm of different 
treatment options for liver metastases in 
non-functioning pancreatic NETs. RFA = 
Radiofrequency ablation; HA(C)E = he-
patic arterial (chemo)embolization.     
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and its use is supported by literature data on retrospective 
and non-randomized prospective trials in more than 500 
patients  [145–148] . In patients with gastric carcinoids, so-
matostatin analogues have been shown to exert antipro-
liferative effects in animals and in man, however, data is 
not available in cases of liver metastases  [149] .

  Two prospective randomized trials in metastatic gas-
troenteropancreatic NET have shown that somatostatin 
analogues, IFN or the combination of both have compa-
rable antiproliferative effects when used after prior dis-
ease progression  [145, 146] .

  Chemotherapy is recommended in pancreatic NET, 
G2 foregut NET of the extrapancreatic site, and in NEC 
(G3) of any site.

  Systemic cytotoxic drugs are indicated in patients with 
inoperable progressive liver metastases from well-differ-
entiated NET of pancreatic tumor origin using combina-
tions of streptozotocin and 5-FU and/or doxorubicin 
with objective response rates in the order of 35–40% 
 [150–152] . These response rates are considerably lower 
than the 69% reported by Moertel et al.  [153]  in 1992. 
There is long-standing experience with streptozotocin-
based chemotherapy since the 1980s.

  PRRT is considered in both functioning and non-
functioning NET and irrespective of the primary tumor 
site. Based upon small phase II trials and retrospective 
data, partial remission rates range between 0 and 33% 
 [154] .

  Both everolimus and sunitinib are novel treatment op-
tions in advanced pancreatic NET. Everolimus is thus a 
treatment option after failure of chemotherapy in pancre-
atic NET, but can be considered as first-line therapy in 
selected cases as an alternative treatment to locoregional 
therapies or chemotherapy. The RADIANT-3 study in-
cluded 40% therapy-naive patients, and efficacy was 
equally good in therapy-naive patients as in patients with 
previous therapies  [155] . An early unselected use of the 
drug cannot be recommended, because long-term toxic-
ity data are lacking.

  Results from a phase III placebo-controlled trial sup-
port the efficacy of sunitinib  [156] , a multiple tyrosine 
kinase inhibitor that targets PDGF-R, VEGF-R, c-kit, 
RET and FLT-3, in progressive pancreatic NETs. The ma-
jority of the patients had undergone prior systemic ther-
apy, especially systemic chemotherapy. The objective re-
sponse rate was 9.3% in 8 patients who received sunitinib, 
7 had NF tumors and in 1, tumor function was unknown. 
The main indication of sunitinib is its use as a second- or 
third-line therapy. Sunitinib should be considered as 
first-line therapy only in selected cases as an alternative 

treatment option if somatostatin analogues, chemother-
apy and/or locoregional therapies are not feasible or 
promising. The efficacy of sunitinib appears to be similar 
regardless of the number of previous treatments or previ-
ous exposure to somatostatin analogues.

  Minimal Consensus Statement on Medical Therapy in 
Advanced Disease 

 The early combination use of SSA and IFN for antiprolifera-
tive purposes is not recommended.

  The use of PRRT cannot be recommended as first-line thera-
py, but after failure of medical therapy. The presence of a strong 
expression of sstr2 as visualized by somatostatin receptor imag-
ing is a prerequisite for the use of PPRT. The minimum require-
ments for PRRT are reported in a separate consensus guideline 
 [142] .

  Everolimus and sunitinib represent novel therapeutic options 
in patients with surgically non-resectable progressive pancre-
atic NET as an alternative or after progression following strep-
tozotocin-based chemotherapy.

  Follow-Up 

 The aim of the surveillance after resection for pancre-
atic NETs is to evaluate the surgical results as well as oth-
er treatments. A follow-up program could be avoided in 
those patients with localized NET G1 (WHO 2010) who 
underwent radical pancreatic resection. Although no 
studies investigated the patterns of recurrence according 
to the latest WHO classification, disease recurrence in 
patients with NET G2 (WHO 2010) is likely. The follow-
up program should include clinical, laboratory (CgA) 
and radiological examinations  [157, 158] . Current imag-
ing procedures encompass US with or without contrast 
medium, endoscopy, endoscopy US, CT, MRI, octreotide 
scintigraphy (Octreoscan � ) and in some centers PET im-
aging with different tracers  [159] . A possible scheme of 
surveillance could consist of a US or MRI/CT scans along 
with biochemical markers (CgA) on a yearly basis  [157, 
158] . Patients with pancreatic NEC should be strictly fol-
lowed up since the high risk of early relapse even when 
the tumor is radically resected. These patients should be 
followed up every 6 months with biochemical markers 
(CgA) and CT/MRI scans.

  The vast majority of patients with advanced pancre-
atic NETs undergo disease progression during follow-up 
after diagnosis. The proliferative index Ki67 is the major 
factor to predict tumor progression, with an increasing 
risk of progression of 2% for each increasing Ki67 unit 
 [160] . The Ki67 index should be evaluated in order to plan 
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tailored follow-up programs in patients with advanced 
pancreatic NETs.

  Minimal Consensus Statements on Follow-Up 

 Follow-up investigations should be adjusted to the type of tu-
mor (G1, G2 or G3) and the stage of the disease (radically re-
sected or advanced disease). Clinical examination, CgA deter-
mination and radiological investigations (US, CT/MRI) are rec-
ommended with appropriate scheme according to the stage of 
disease.

  Complete List of Participants 

 List of Participants of the Consensus Conference on the 2011 
Consensus Guidelines for the Management of Patients with 
Digestive Neuroendocrine Tumors: An Update 2 

  Martin Anlauf, Germany (Martin.Anlauf @   gmx.de)
Rudolf Arnold, Germany (arnoldr @   staff.uni-marburg.de)
Detlef Bartsch, Germany (bartsch @   med.uni-marburg.de)
Eric Baudin, France (baudin @   igr.fr)
Richard Baum, Germany (info @   rpbaum.de)
Maria Luisa Brandi, Italy (m.brandi @   dmi.unifi.it)
Guillaume Cadiot, France (gcadiot @   chu-reims.fr)
Frederico Costa, Brazil (frederico.costa @   hsl.org.br)
Martyn Caplin, UK (m.caplin @   medsch.ucl.ac.uk)
Anne Couvelard, France (anne.couvelard @   bjn.aphp.fr)
Wouter de Herder, The Netherlands (w.w.deherder @   erasmusmc.nl)
Gianfranco Delle Fave, Italy (gianfranco.dellefave @   uniroma1.it)
Timm Denecke, Germany (timm.denecke @   charite.de)
Barbro Eriksson, Sweden (barbro.eriksson @   medsci.uu.se)
Massimo Falconi, Italy (massimo.falconi @   univr.it)
Thomas Gress, Germany (gress @   med.uni-marburg.de)
David Gross, Israel (gross @   vms.huji.ac.il)
Ashley Grossman, UK (a.b.grossman @   qmul.ac.uk)
Robert Jensen, USA (robertj @   bdg10.niddk.nih.gov)
Gregory Kaltsas, Greece (gkaltsas @   endo.gr)

Fahrettin Kelestimur, Turkey (fktimur @   erciyes.edu.tr)
Reza Kianmanesh, France (reza.kianmanesh @   lmr.ap-hop-paris.fr)
Günter Klöppel, Germany (guenter.kloeppel @   alumni.uni-kiel.de)
Klaus-Jochen Klose, Germany (klose @   med.uni-marburg.de)
Ulrich Knigge, Denmark (knigge @   mfi.ku.dk)
Paul Komminoth, Switzerland (paul.komminoth @   triemli.stzh.ch)
Beata Kos-Kudla, Poland (beatakos @   ka.onet.pl)
Eric Krenning, The Netherlands (e.p.krenning @   erasmusmc.nl)
Dik Kwekkeboom, The Netherlands 

(d.j.kwekkeboom @   erasmusmc.nl)
Jose Manuel Lopes, Portugal (jmlopes @   ipatimup.pt)
Bruno Niederle, Austria (bruno.niederle @   meduniwien.ac.at)
Ola Nilsson, Sweden (ola.nilsson @   llcr.med.gu.se)
Kjell Öberg, Sweden (kjell.oberg @   medsci.uu.se)
Juan O’Connor, Argentina (juanoconnor @   hotmail.com)
Dermot O’Toole, Ireland (dermot.otoole @   tcd.ie)
Ulrich-Frank Pape, Germany (ulrich-frank.pape @   charite.de)
Mauro Papotti, Italy (mauro.papotti @   unito.it)
Andreas Pascher, Germany (andreas.pascher @   charite.de)
Marianne Pavel, Germany (marianne.pavel @   charite.de)
Aurel Perren, Switzerland (aurel.perren @   pathology.unibe.ch)
Ursula Plöckinger, Germany (ursula.ploeckinger @   charite.de)
Guido Rindi, Italy (guido.rindi @   rm.unicatt.it)
Philippe Ruszniewski, France

(philippe.ruszniewski @   bjn.aphp.fr)
Ramon Salazar, Spain (ramonsalazar @   iconcologia.net)
Hironobu Sasano, Japan (hsasano @   patholo2.med.tohoku.ac.jp)
Alain Sauvanet, France (alain.sauvanet @   bjn.aphp.fr)
Jean-Yves Scoazec, France (jean-yves.scoazec @   chu-lyon.fr)
Thomas Steinmüller, Germany

(t.steinmueller @   drk-kliniken-westend.de)
Anders Sundin, Sweden (anders.sundin @   radiol.uu.se)
Babs Taal, The Netherlands (b.taal @   nki.nl)
Paola Tomassetti, Italy (paola.tomassetti @   unibo.it)
Eric Van Cutsem, Belgium (eric.vancutsem @   uzleuven.be)
Marie-Pierre Vullierme, France

(marie-pierre.vullierme @   bjn.aphp.fr)
Bertram Wiedenmann, Germany

(bertram.wiedenmann @   charite.de). 

 References 

  1 Bosman FT: WHO Classification of Tumor 
of the Digestive System. Lyon, IARC Press, 
2010. 

  2 Halfdanarson TR, Rabe KG, Rubin J, Peters-
en GM: Pancreatic neuroendocrine tumors 
(PNETs): incidence, prognosis and recent 
trend toward improved survival. Ann Oncol 
2008;   19:   1727–1733. 

  3 Yao JC, Hassan M, Phan A, et al: One hun-
dred years after ‘carcinoid’: epidemiology of 
and prognostic factors for neuroendocrine 
tumors in 35,825 cases in the United States. 
J Clin Oncol 2008;   26:   3063–3072. 

  4 Hauso O, Gustafsson BI, Kidd M, et al: Neu-
roendocrine tumor epidemiology: contrast-
ing Norway and North America. Cancer 
2008;   113:   2655–2664. 

  5 Garcia-Carbonero R, Capdevila J, Crespo-
Herrero G, et al: Incidence, patterns of care 
and prognostic factors for outcome of gastro-
enteropancreatic neuroendocrine tumors 
(GEP-NETs): results from the National Can-
cer Registry of Spain (RGETNE). Ann Oncol 
2010;   21:   1794–1803. 

  6 Lepage C, Bouvier AM, Phelip JM, et al: In-
cidence and management of malignant di-
gestive endocrine tumours in a well-defined 
French population. Gut 2004;   53:   549–553. 

  7 Ito T, Sasano H, Tanaka M, et al: Epidemio-
logical study of gastroenteropancreatic neu-
roendocrine tumors in Japan. J Gastroenter-
ol 2010;   45:   234–243. 

  8 Vagefi PA, Razo O, Deshpande V, et al: 
Evolving patterns in the detection and out-

comes of pancreatic neuroendocrine neo-
plasms: the Massachusetts General Hospital 
experience from 1977 to 2005. Arch Surg 
2007;   142:   347–354. 

  9 Kimura W, Kuroda A, Morioka Y: Clinical 
pathology of endocrine tumors of the pan-
creas. Analysis of autopsy cases. Dig Dis Sci 
1991;   36:   933–942. 

 10 Cheslyn-Curtis S, Sitaram V, Williamson 
RC: Management of non-functioning neuro-
endocrine tumours of the pancreas. Br J Surg 
1993;   80:   625–627. 

 11 Madura JA, Cummings OW, Wiebke EA, et 
al: Nonfunctioning islet cell tumors of the 
pancreas: a difficult diagnosis but one worth 
the effort. Am Surg 1997;   63:   573–577; discus-
sion 577–578. 



 ENETS Consensus Guidelines Neuroendocrinology 2012;95:120–134 131

 12 Matthews BD, Heniford BT, Reardon PR, et 
al: Surgical experience with nonfunctioning 
neuroendocrine tumors of the pancreas. Am 
Surg 2000;   66:   1116–1122;discussion 1122–
1113. 

 13 White TJ, Edney JA, Thompson JS, et al: Is 
there a prognostic difference between func-
tional and nonfunctional islet cell tumors? 
Am J Surg 1994;   168:   627–629; discussion 
629–630. 

 14 Chu QD, Hill HC, Douglass HO Jr, et al: Pre-
dictive factors associated with long-term 
survival in patients with neuroendocrine tu-
mors of the pancreas. Ann Surg Oncol 2002;  
 9:   855–862. 

 15 Zerbi A, Falconi M, Rindi G, et al: Clinico-
pathological features of pancreatic endo-
crine tumors: a prospective multicenter 
study in Italy of 297 sporadic cases. Am J 
Gastroenterol 2010;   105:   1421–1429. 

 16 Kazanjian KK, Reber HA, Hines OJ: Resec-
tion of pancreatic neuroendocrine tumors: 
results of 70 cases. Arch Surg 2006;   141:   765–
770. 

 17 Madeira I, Terris B, Voss M, et al: Prognostic 
factors in patients with endocrine tumours 
of the duodenopancreatic area. Gut 1998;   43:  
 422–427. 

 18 Panzuto F, Nasoni S, Falconi M, et al: Prog-
nostic factors and survival in endocrine tu-
mor patients: comparison between gastroin-
testinal and pancreatic localization. Endocr 
Relat Cancer 2005;   12:   1083–1092. 

 19 Tomassetti P, Campana D, Piscitelli L, et al: 
Endocrine pancreatic tumors: factors corre-
lated with survival. Ann Oncol 2005;   16:  
 1806–1810. 

 20 Broughan TA, Leslie JD, Soto JM, Hermann 
RE: Pancreatic islet cell tumors. Surgery 
1986;   99:   671–678. 

 21 Sarmiento JM, Farnell MB, Que FG, Nago-
rney DM: Pancreaticoduodenectomy for is-
let cell tumors of the head of the pancreas: 
long-term survival analysis. World J Surg 
2002;   26:   1267–1271. 

 22 Jarufe NP, Coldham C, Orug T, et al: Neuro-
endocrine tumours of the pancreas: predic-
tors of survival after surgical treatment. Dig 
Surg 2005;   22:   157–162. 

 23 Pape UF, Bohmig M, Berndt U, et al: Sur-
vival and clinical outcome of patients with 
neuroendocrine tumors of the gastroentero-
pancreatic tract in a German referral center. 
Ann NY Acad Sci 2004;   1014:   222–233. 

 24 Pape UF, Jann H, Muller-Nordhorn J, et al: 
Prognostic relevance of a novel TNM classi-
fication system for upper gastroenteropan-
creatic neuroendocrine tumors. Cancer 
2008;   113:   256–265. 

 25 Lo CY, van Heerden JA, Thompson GB, et al: 
Islet cell carcinoma of the pancreas. World J 
Surg 1996;   20:   878–884. 

 26 Phan GQ, Yeo CJ, Hruban RH, et al: Surgical 
experience with pancreatic and peripancre-
atic neuroendocrine tumors: review of 125 
patients. J Gastrointest Surg 1998;   2:   473–
482. 

 27 Thompson GB, van Heerden JA, Grant CS, et 
al: Islet cell carcinomas of the pancreas: a 
twenty-year experience. Surgery 1988;   104:  
 1011–1017. 

 28 Schindl M, Kaczirek K, Kaserer K, Niederle 
B: Is the new classification of neuroendo-
crine pancreatic tumors of clinical help? 
World J Surg 2000;   24:   1312–1318. 

 29 Venkatesh S, Ordonez NG, Ajani J, et al: Islet 
cell carcinoma of the pancreas. A study of 98 
patients. Cancer 1990;   65:   354–357. 

 30 Solorzano CC, Lee JE, Pisters PW, et al: Non-
functioning islet cell carcinoma of the pan-
creas: survival results in a contemporary se-
ries of 163 patients. Surgery 2001;   130:   1078–
1085. 

 31 Hochwald SN, Zee S, Conlon KC, et al: Prog-
nostic factors in pancreatic endocrine neo-
plasms: an analysis of 136 cases with a pro-
posal for low-grade and intermediate-grade 
groups. J Clin Oncol 2002;   20:   2633–2642. 

 32 Ferrone CR, Tang LH, Tomlinson J, et al: De-
termining prognosis in patients with pancre-
atic endocrine neoplasms: can the WHO 
classification system be simplified? J Clin 
Oncol 2007;   25:   5609–5615. 

 33 Schurr PG, Strate T, Rese K, et al: Aggressive 
surgery improves long-term survival in neu-
roendocrine pancreatic tumors: an institu-
tional experience. Ann Surg 2007;   245:   273–
281. 

 34 Bilimoria KY, Talamonti MS, Tomlinson JS, 
et al: Prognostic score predicting survival af-
ter resection of pancreatic neuroendocrine 
tumors: analysis of 3,851 patients. Ann Surg 
2008;   247:   490–500. 

 35 Bettini R, Boninsegna L, Mantovani W, et al: 
Prognostic factors at diagnosis and value of 
WHO classification in a mono-institutional 
series of 180 non-functioning pancreatic en-
docrine tumours. Ann Oncol 2008;   19:   903–
908. 

 36 Scarpa A, Mantovani W, Capelli P, et al: Pan-
creatic endocrine tumors: improved TNM 
staging and histopathological grading per-
mit a clinically efficient prognostic stratifi-
cation of patients. Mod Pathol 2010;   23:   824–
833. 

 37 Mignon M. Natural history of neuroendo-
crine enteropancreatic tumors. Digestion 
2000;   62(suppl 1):51–58. 

 38 Shepherd JJ: The natural history of multiple 
endocrine neoplasia type 1. Highly uncom-
mon or highly unrecognized? Arch Surg 
1991;   126:   935–952. 

 39 Skogseid B, Eriksson B, Lundqvist G, et al: 
Multiple endocrine neoplasia type 1: a 10-year 
prospective screening study in four kindreds. 
J Clin Endocrinol Metab 1991;   73:   281–287. 

 40 Larsson C, Skogseid B, Oberg K, et al: Mul-
tiple endocrine neoplasia type 1 gene maps to 
chromosome 11 and is lost in insulinoma. 
Nature 1988;   332:   85–87. 

 41 Chandrasekharappa SC, Guru SC, Manick-
am P, et al: Positional cloning of the gene for 
multiple endocrine neoplasia type 1. Science 
1997;   276:   404–407. 

 42 Lin FC, Lin CM, Hsieh CC, et al: Atypical 
thymic carcinoid and malignant so-
matostatinoma in type I multiple endocrine 
neoplasia syndrome: case report. Am J Clin 
Oncol 2003;   26:   270–272. 

 43 Triponez F, Dosseh D, Goudet P, et al: Epide-
miology data on 108 MEN-1 patients from 
the GTE with isolated nonfunctioning tu-
mors of the pancreas. Ann Surg 2006;   243:  
 265–272. 

 44 Choyke PL, Glenn GM, Walther MM, et al: 
Von Hippel-Lindau disease: genetic, clinical, 
and imaging features. Radiology 1995;   194:  
 629–642. 

 45 Hough DM, Stephens DH, Johnson CD, 
Binkovitz LA: Pancreatic lesions in von Hip-
pel-Lindau disease: prevalence, clinical sig-
nificance, and CT findings. AJR Am J Roent-
genol 1994;   162:   1091–1094. 

 46 Neumann HP, Dinkel E, Brambs H, et al: 
Pancreatic lesions in the von Hippel-Lindau 
syndrome. Gastroenterology 1991;   101:   465–
471. 

 47 Hammel PR, Vilgrain V, Terris B, et al: Pan-
creatic involvement in von Hippel-Lindau 
disease. The Groupe Francophone d’Etude 
de la Maladie de von Hippel-Lindau. Gastro-
enterology 2000;   119:   1087–1095. 

 48 Blansfield JA, Choyke L, Morita SY, et al: 
Clinical, genetic and radiographic analysis 
of 108 patients with von Hippel-Lindau dis-
ease (VHL) manifested by pancreatic neuro-
endocrine neoplasms (PNETs). Surgery 
2007;   142:   814–818; discussion 818 e811–812. 

 49 Verhoef S, van Diemen-Steenvoorde R, Ak-
kersdijk WL, et al: Malignant pancreatic tu-
mour within the spectrum of tuberous scle-
rosis complex in childhood. Eur J Pediatr 
1999;   158:   284–287. 

 50 Francalanci P, Diomedi-Camassei F, Purifi-
cato C, et al: Malignant pancreatic endocrine 
tumor in a child with tuberous sclerosis. Am 
J Surg Pathol 2003;   27:   1386–1389. 

 51 Lebtahi R, Cadiot G, Sarda L, et al: Clinical 
impact of somatostatin receptor scintigra-
phy in the management of patients with neu-
roendocrine gastroenteropancreatic tumors. 
J Nucl Med 1997;   38:   853–858. 

 52 Krenning EP, Kwekkeboom DJ, Bakker WH, 
et al: Somatostatin receptor scintigraphy 
with [ 111 In-DTPA- D -Phe 1 ]- and [ 123 I-Tyr 3 ]-
octreotide: the Rotterdam experience with 
more than 1,000 patients. Eur J Nucl Med 
1993;   20:   716–731. 

 53 Ricke J, Klose KJ: Imaging procedures in 
neuroendocrine tumours. Digestion 2000;  
 62(suppl 1):39–44. 

 54 Ricke J, Klose KJ, Mignon M, et al: Standar-
disation of imaging in neuroendocrine tu-
mours: results of a European delphi process. 
Eur J Radiol 2001;   37:   8–17. 

 55 Koukouraki S, Strauss LG, Georgoulias V, et 
al: Comparison of the pharmacokinetics of 
 68 Ga-DOTATOC and [ 18 F]FDG in patients 
with metastatic neuroendocrine tumours 
scheduled for  90 Y-DOTATOC therapy. Eur J 
Nucl Med Mol Imaging 2006;   33:   1115–1122. 



 Falconi et al. Neuroendocrinology 2012;95:120–134132

 56 Buchmann I, Henze M, Engelbrecht S, et al: 
Comparison of  68 Ga-DOTATOC PET and 
 111 In-DTPAOC (Octreoscan) SPECT in pa-
tients with neuroendocrine tumours. Eur J 
Nucl Med Mol Imaging 2007;   34:   1617–1626. 

 57 Hoegerle S, Altehoefer C, Ghanem N, et al: 
Whole-body  18 F-DOPA PET for detection of 
gastrointestinal carcinoid tumors. Radiolo-
gy 2001;   220:   373–380. 

 58 Koopmans KP, de Vries EG, Kema IP, et al: 
Staging of carcinoid tumours with  18 F-DO-
PA PET: a prospective, diagnostic accuracy 
study. Lancet Oncol 2006;   7:   728–734. 

 59 Orlefors H, Sundin A, Garske U, et al: 
Whole-body  11 C-5-hydroxytryptophan pos-
itron emission tomography as a universal 
imaging technique for neuroendocrine tu-
mors: comparison with somatostatin recep-
tor scintigraphy and computed tomography. 
J Clin Endocrinol Metab 2005;   90:   3392–
3400. 

 60 Koopmans KP, Neels OC, Kema IP, et al: Im-
proved staging of patients with carcinoid 
and islet cell tumors with  18 F-dihydroxy-
phenyl-alanine and  11 C-5-hydroxytrypto-
phan positron emission tomography. J Clin 
Oncol 2008;   26:   1489–1495. 

 61 Sundin A, Vullierme MP, Kaltsas G, Plock-
inger U: ENETS Consensus Guidelines for 
the Standards of Care in Neuroendocrine 
Tumors: radiological examinations. Neuro-
endocrinology 2009;   90:   167–183. 

 62 Quaia E, Stacul F, Gaiani S, et al: Compari-
son of diagnostic performance of unen-
hanced vs. SonoVue-enhanced ultrasonog-
raphy in focal liver lesions characterization. 
The experience of three Italian centers. Ra-
diol Med 2004;   108:   71–81. 

 63 D’Onofrio M, Mansueto G, Falconi M, 
Procacci C: Neuroendocrine pancreatic tu-
mor: value of contrast-enhanced ultrasonog-
raphy. Abdom Imaging 2004;   29:   246–258. 

 64 D’Onofrio M, Caffarri S, Zamboni G, et al: 
Contrast-enhanced ultrasonography in the 
characterization of pancreatic mucinous 
cystadenoma. J Ultrasound Med 2004;   23:  
 1125–1129. 

 65 Malago R, D’Onofrio M, Zamboni GA, et al: 
Contrast-enhanced sonography of nonfunc-
tioning pancreatic neuroendocrine tumors. 
AJR Am J Roentgenol 2009;   192:   424–430. 

 66 Hoeffel C, Job L, Ladam-Marcus V, et al: De-
tection of hepatic metastases from carcinoid 
tumor: prospective evaluation of contrast-
enhanced ultrasonography. Dig Dis Sci 2009;  
 54:   2040–2046. 

 67 Rosch T, Lightdale CJ, Botet JF, et al: Local-
ization of pancreatic endocrine tumors by 
endoscopic ultrasonography. N Engl J Med 
1992;   326:   1721–1726. 

 68 McLean AM, Fairclough PD: Endoscopic ul-
trasound in the localisation of pancreatic is-
let cell tumours. Best Pract Res Clin Endo-
crinol Metab 2005;   19:   177–193. 

 69 Chatzipantelis P, Salla C, Konstantinou P, et 
al: Endoscopic ultrasound-guided fine-nee-
dle aspiration cytology of pancreatic neuro-

endocrine tumors: a study of 48 cases. Can-
cer 2008;   114:   255–262. 

 70 Caudill JL, Humphrey SK, Salomao DR: Islet 
cell tumor of the pancreas: increasing diag-
nosis after instituting ultrasonography-
guided fine needle aspiration. Acta Cytol 
2008;   52:   45–51. 

 71 Jani N, Khalid A, Kaushik N, et al: EUS-
guided FNA diagnosis of pancreatic endo-
crine tumors: new trends identified. Gastro-
intest Endosc 2008;   67:   44–50. 

 72 Nino-Murcia M, Tamm EP, Charnsangavej 
C, Jeffrey RB Jr: Multidetector-row helical 
CT and advanced postprocessing techniques 
for the evaluation of pancreatic neoplasms. 
Abdom Imaging 2003;   28:   366–377. 

 73 Tamm EP, Silverman PM, Charnsangavej C, 
Evans DB: Diagnosis, staging, and surveil-
lance of pancreatic cancer. AJR Am J Roent-
genol 2003;   180:   1311–1323. 

 74 Chung MJ, Choi BI, Han JK, et al: Function-
ing islet cell tumor of the pancreas. Localiza-
tion with dynamic spiral CT. Acta Radiol 
1997;   38:   135–138. 

 75 Ichikawa T, Peterson MS, Federle MP, et al: 
Islet cell tumor of the pancreas: biphasic CT 
versus MR imaging in tumor detection. Ra-
diology 2000;   216:   163–171. 

 76 Owen NJ, Sohaib SA, Peppercorn PD, et al: 
MRI of pancreatic neuroendocrine tumours. 
Br J Radiol 2001;   74:   968–973. 

 77 Nobels FR, Kwekkeboom DJ, Coopmans W, 
et al: Chromogranin A as serum marker for 
neuroendocrine neoplasia: comparison with 
neuron-specific enolase and the  � -subunit of 
glycoprotein hormones. J Clin Endocrinol 
Metab 1997;   82:   2622–2628. 

 78 Baudin E, Gigliotti A, Ducreux M, et al: Neu-
ron-specific enolase and chromogranin A as 
markers of neuroendocrine tumours. Br J 
Cancer 1998;   78:   1102–1107. 

 79 Seregni E, Ferrari L, Bajetta E, et al: Clinical 
significance of blood chromogranin A mea-
surement in neuroendocrine tumours. Ann 
Oncol 2001;   12(suppl 2):S69–S72. 

 80 Stivanello M, Berruti A, Torta M, et al: Cir-
culating chromogranin A in the assessment 
of patients with neuroendocrine tumours. A 
single institution experience. Ann Oncol 
2001;   12(suppl 2):S73–S77. 

 81 Nikou GC, Marinou K, Thomakos P, et al: 
Chromogranin a levels in diagnosis, treat-
ment and follow-up of 42 patients with non-
functioning pancreatic endocrine tumours. 
Pancreatology 2008;   8:   510–519. 

 82 O’Toole D, Grossman A, Gross D, et al: EN-
ETS Consensus Guidelines for the Standards 
of Care in Neuroendocrine Tumors: bio-
chemical markers. Neuroendocrinology 
2009;   90:   194–202. 

 83 Panzuto F, Severi C, Cannizzaro R, et al: 
Utility of combined use of plasma levels of 
chromogranin A and pancreatic polypeptide 
in the diagnosis of gastrointestinal and pan-
creatic endocrine tumors. J Endocrinol In-
vest 2004;   27:   6–11. 

 84 Langer P, Wild A, Celik I, et al: Prospective 
controlled trial of a standardized meal stim-
ulation test in the detection of pancreatico-
duodenal endocrine tumours in patients 
with multiple endocrine neoplasia type 1. Br 
J Surg 2001;   88:   1403–1407. 

 85 Migliori M, Tomassetti P, Campana D, et al: 
A meal stimulation test in the diagnosis of 
pancreatic endocrine tumors in multiple en-
docrine neoplasia type 1. Endocrine 2002;   17:  
 229–232. 

 86 Klimstra DS, Modlin IR, Coppola D, et al: 
The pathologic classification of neuroendo-
crine tumors: a review of nomenclature, 
grading, and staging systems. Pancreas 2010;  
 39:   707–712. 

 87 Kloppel G, Couvelard A, Perren A, et al: EN-
ETS Consensus Guidelines for the Standards 
of Care in Neuroendocrine Tumors: towards 
a standardized approach to the diagnosis of 
gastroenteropancreatic neuroendocrine tu-
mors and their prognostic stratification. 
Neuroendocrinology 2009;   90:   162–166. 

 88 Brandi ML, Gagel RF, Angeli A, et al: Guide-
lines for diagnosis and therapy of MEN type 
1 and type 2. J Clin Endocrinol Metab 2001;  
 86:   5658–5671. 

 89 Corcos O, Couvelard A, Giraud S, et al: En-
docrine pancreatic tumors in von Hippel-
Lindau disease: clinical, histological, and ge-
netic features. Pancreas 2008;   37:   85–93. 

 90 Hill JS, McPhee JT, McDade TP, et al: Pancre-
atic neuroendocrine tumors: the impact of 
surgical resection on survival. Cancer 2009;  
 115:   741–751. 

 91 La Rosa S, Klersy C, Uccella S, et al: Im-
proved histologic and clinicopathologic cri-
teria for prognostic evaluation of pancreatic 
endocrine tumors. Hum Pathol 2009;   40:   30–
40. 

 92 Bettini R, Partelli S, Boninsegna L, et al: Tu-
mor size correlates with malignancy in non-
functioning pancreatic endocrine tumor. 
Surgery 2011;   150:   75–82. 

 93 Kouvaraki MA, Shapiro SE, Cote GJ, et al: 
Management of pancreatic endocrine tu-
mors in multiple endocrine neoplasia type 1. 
World J Surg 2006;   30:   643–653. 

 94 Triponez F, Goudet P, Dosseh D, et al: Is sur-
gery beneficial for MEN-1 patients with 
small ( !  or = 2 cm), nonfunctioning pancre-
aticoduodenal endocrine tumor? An analy-
sis of 65 patients from the GTE. World J Surg 
2006;   30:   654–664. 

 95 Smith JK, Ng SC, Hill JS, et al: Complications 
after pancreatectomy for neuroendocrine 
tumors: a national study. J Surg Res 2010;   163:  
 63–68. 

 96 Falconi M, Zerbi A, Crippa S, et al: Parenchy-
ma-preserving resections for small nonfunc-
tioning pancreatic endocrine tumors. Ann 
Surg Oncol 2010;   17:   1621–1627. 

 97 Falconi M, Mantovani W, Crippa S, et al: 
Pancreatic insufficiency after different re-
sections for benign tumours. Br J Surg 2008;  
 95:   85–91. 



 ENETS Consensus Guidelines Neuroendocrinology 2012;95:120–134 133

  98 Aranha GV, Shoup M: Nonstandard pan-
creatic resections for unusual lesions. Am J 
Surg 2005;   189:   223–228. 

  99 Fernandez-Cruz L, Blanco L, Cosa R, Ren-
don H: Is laparoscopic resection adequate 
in patients with neuroendocrine pancreatic 
tumors? World J Surg 2008;   32:   904–917. 

 100 Anlauf M, Schlenger R, Perren A, et al: Mi-
croadenomatosis of the endocrine pancreas 
in patients with and without the multiple 
endocrine neoplasia type 1 syndrome. Am 
J Surg Pathol 2006;   30:   560–574. 

 101 Jensen RT, Berna MJ, Bingham DB, Norton 
JA: Inherited pancreatic endocrine tumor 
syndromes: advances in molecular patho-
genesis, diagnosis, management, and con-
troversies. Cancer 2008;   113:   1807–1843. 

 102 Norton JA, Alexander HR, Fraker DL, et al: 
Comparison of surgical results in patients 
with advanced and limited disease with 
multiple endocrine neoplasia type 1 and 
Zollinger-Ellison syndrome. Ann Surg 
2001;   234:   495–505. 

 103 Fischer L, Kleeff J, Esposito I, et al: Clinical 
outcome and long-term survival in 118 con-
secutive patients with neuroendocrine tu-
mours of the pancreas. Br J Surg 2008;   95:  
 627–635. 

 104 Bettini R, Mantovani W, Boninsegna L, et 
al: Primary tumour resection in metastatic 
nonfunctioning pancreatic endocrine car-
cinomas. Dig Liver Dis 2009;   41:   49–55. 

 105 Capurso G, Bettini R, Rinzivillo M, et al: 
Role of resection of the primary pancreatic 
neuroendocrine tumour only in patients 
with unresectable metastatic liver disease: a 
systematic review. Neuroendocrinology 
2011;   93:   223–229. 

 106 Kianmanesh R, Sauvanet A, Hentic O, et al: 
Two-step surgery for synchronous bilobar 
liver metastases from digestive endocrine 
tumors: a safe approach for radical resec-
tion. Ann Surg 2008;   247:   659–665. 

 107 Fendrich V, Langer P, Celik I, et al: An ag-
gressive surgical approach leads to long-
term survival in patients with pancreatic 
endocrine tumors. Ann Surg 2006;   244:  
 845–851. 

 108 Bloomston M, Muscarella P, Shah MH, et 
al: Cytoreduction results in high periopera-
tive mortality and decreased survival in pa-
tients undergoing pancreatectomy for neu-
roendocrine tumors of the pancreas. J Gas-
trointest Surg 2006;   10:   1361–1370. 

 109 Chamberlain RS, Canes D, Brown KT, et al: 
Hepatic neuroendocrine metastases: does 
intervention alter outcomes? J Am Coll 
Surg 2000;   190:   432–445. 

 110 Chen H, Hardacre JM, Uzar A, et al: Iso-
lated liver metastases from neuroendocrine 
tumors: does resection prolong survival? J 
Am Coll Surg 1998;   187:   88–92. 

 111 Nave H, Mossinger E, Feist H, et al: Surgery 
as primary treatment in patients with liver 
metastases from carcinoid tumors: a retro-
spective, unicentric study over 13 years. 
Surgery 2001;   129:   170–175. 

 112 Sarmiento JM, Heywood G, Rubin J, et al: 
Surgical treatment of neuroendocrine me-
tastases to the liver: a plea for resection to 
increase survival. J Am Coll Surg 2003;   197:  
 29–37. 

 113 House MG, Cameron JL, Lillemoe KD, et al: 
Differences in survival for patients with re-
sectable versus unresectable metastases 
from pancreatic islet cell cancer. J Gastro-
intest Surg 2006;   10:   138–145. 

 114 Touzios JG, Kiely JM, Pitt SC, et al: Neuro-
endocrine hepatic metastases: does aggres-
sive management improve survival? Ann 
Surg 2005;   241:   776–783. 

 115 Steinmuller T, Kianmanesh R, Falconi M, 
et al: Consensus guidelines for the manage-
ment of patients with liver metastases from 
digestive (neuro)endocrine tumors: fore-
gut, midgut, hindgut, and unknown pri-
mary. Neuroendocrinology 2008;   87:   47–62. 

 116 Gupta S, Johnson MM, Murthy R, et al: He-
patic arterial embolization and chemoem-
bolization for the treatment of patients with 
metastatic neuroendocrine tumors: vari-
ables affecting response rates and survival. 
Cancer 2005;   104:   1590–1602. 

 117 Drougas JG, Anthony LB, Blair TK, et al: 
Hepatic artery chemoembolization for 
management of patients with advanced 
metastatic carcinoid tumors. Am J Surg 
1998;   175:   408–412. 

 118 Ruszniewski P, Rougier P, Roche A, et al: 
Hepatic arterial chemoembolization in pa-
tients with liver metastases of endocrine tu-
mors. A prospective phase II study in 24 pa-
tients. Cancer 1993;   71:   2624–2630. 

 119 Yao KA, Talamonti MS, Nemcek A, et al: 
Indications and results of liver resection 
and hepatic chemoembolization for meta-
static gastrointestinal neuroendocrine tu-
mors. Surgery 2001;   130:   677–682. 

 120 Ruszniewski P, O’Toole D: Ablative thera-
pies for liver metastases of gastroentero-
pancreatic endocrine tumors. Neuroendo-
crinology 2004;   80(suppl 1):74–78. 

 121 Henn AR, Levine EA, McNulty W, Zagoria 
RJ: Percutaneous radiofrequency ablation 
of hepatic metastases for symptomatic re-
lief of neuroendocrine syndromes. AJR Am 
J Roentgenol 2003;   181:   1005–1010. 

 122 Hellman P, Ladjevardi S, Skogseid B, et al: 
Radiofrequency tissue ablation using 
cooled tip for liver metastases of endocrine 
tumors. World J Surg 2002;   26:   1052–1056. 

 123 Machi J, Uchida S, Sumida K, et al: Ultra-
sound-guided radiofrequency thermal ab-
lation of liver tumors: percutaneous, lapa-
roscopic, and open surgical approaches. J 
Gastrointest Surg 2001;   5:   477–489. 

 124 Bilchik AJ, Rose DM, Allegra DP, et al: Ra-
diofrequency ablation: a minimally inva-
sive technique with multiple applications. 
Cancer J Sci Am 1999;   5:   356–361. 

 125 Siperstein A, Garland A, Engle K, et al: Lo-
cal recurrence after laparoscopic radiofre-
quency thermal ablation of hepatic tumors. 
Ann Surg Oncol 2000;   7:   106–113. 

 126 Siperstein AE, Berber E: Cryoablation, per-
cutaneous alcohol injection, and radiofre-
quency ablation for treatment of neuroen-
docrine liver metastases. World J Surg 2001;  
 25:   693–696. 

 127 Siperstein AE, Rogers SJ, Hansen PD, Git-
omirsky A: Laparoscopic thermal ablation 
of hepatic neuroendocrine tumor metasta-
ses. Surgery 1997;   122:   1147–1154. 

 128 Ahlman H, Wangberg B, Jansson S, et al: 
Interventional treatment of gastrointesti-
nal neuroendocrine tumours. Digestion 
2000;   62(suppl 1):59–68. 

 129 Dhabuwala A, Lamerton P, Stubbs RS: Rela-
tionship of technetium-99m-labelled mac-
roaggregated albumin ( 99m Tc-MAA) uptake 
by colorectal liver metastases to response 
following selective internal radiation thera-
py (SIRT). BMC Nucl Med 2005;   5:   7. 

 130 Andrews JC, Walker SC, Ackermann RJ, et 
al: Hepatic radioembolization with yttri-
um-90 containing glass microspheres: pre-
liminary results and clinical follow-up. J 
Nucl Med 1994;   35:   1637–1644. 

 131 Rhee TK, Lewandowski RJ, Liu DM, et al: 
 90 Y radioembolization for metastatic neu-
roendocrine liver tumors: preliminary re-
sults from a multi-institutional experience. 
Ann Surg 2008;   247:   1029–1035. 

 132 Anthuber M, Jauch KW, Briegel J, et al: Re-
sults of liver transplantation for gastroen-
teropancreatic tumor metastases. World J 
Surg 1996;   20:   73–76. 

 133 Arnold JC, O’Grady JG, Bird GL, et al: Liver 
transplantation for primary and secondary 
hepatic apudomas. Br J Surg 1989;   76:   248–
249. 

 134 Bechstein WO, Neuhaus P: Liver transplan-
tation for hepatic metastases of neuroendo-
crine tumors. Ann NY Acad Sci 1994;   733:  
 507–514. 

 135 Cahlin C, Friman S, Ahlman H, et al: Liver 
transplantation for metastatic neuroendo-
crine tumor disease. Transplant Proc 2003;  
 35:   809–810. 

 136 Lang H, Oldhafer KJ, Weimann A, et al: Liv-
er transplantation for metastatic neuroendo-
crine tumors. Ann Surg 1997;   225:   347–354. 

 137 Le Treut YP, Delpero JR, Dousset B, et al: 
Results of liver transplantation in the treat-
ment of metastatic neuroendocrine tu-
mors. A 31-case French multicentric report. 
Ann Surg 1997;   225:   355–364. 

 138 Lehnert T: Liver transplantation for meta-
static neuroendocrine carcinoma: an anal-
ysis of 103 patients. Transplantation 1998;  
 66:   1307–1312. 

 139 Olausson M, Friman S, Cahlin C, et al: In-
dications and results of liver transplanta-
tion in patients with neuroendocrine tu-
mors. World J Surg 2002;   26:   998–1004. 

 140 Rosenau J, Bahr MJ, von Wasielewski R, et 
al: Ki67, E-cadherin, and p53 as prognostic 
indicators of long-term outcome after liver 
transplantation for metastatic neuroendo-
crine tumors. Transplantation 2002;   73:  
 386–394. 



 Falconi et al. Neuroendocrinology 2012;95:120–134134

 141 Pascher A, Klupp J, Neuhaus P: Endocrine 
tumours of the gastrointestinal tract. 
Transplantation in the management of 
metastatic endocrine tumours. Best Pract 
Res Clin Gastroenterol 2005;   19:   637–648. 

 142 Ahlman H, Friman S, Cahlin C, et al: Liver 
transplantation for treatment of metastatic 
neuroendocrine tumors. Ann NY Acad Sci 
2004;   1014:   265–269. 

 143 Ringe B, Lorf T, Dopkens K, Canelo R: 
Treatment of hepatic metastases from gas-
troenteropancreatic neuroendocrine tu-
mors: role of liver transplantation. World J 
Surg 2001;   25:   697–699. 

 144 Pavel M, Baudin E, Couvelard A, Krenning 
E, Öberd K, et al: ENETS consensus guide-
lines for the management of patients with 
liver and other distant metastases from 
neuroendocrine neoplasms of foregut, 
midgut, hindgut, and unknown primary. 
Neuroendocrinology 2012;95:157–176.  

 145 Faiss S, Pape UF, Bohmig M, et al: Prospec-
tive, randomized, multicenter trial on the 
antiproliferative effect of lanreotide, inter-
feron alfa, and their combination for thera-
py of metastatic neuroendocrine gastroen-
teropancreatic tumors – the International 
Lanreotide and Interferon Alfa Study 
Group. J Clin Oncol 2003;   21:   2689–2696. 

 146 Arnold R, Rinke A, Klose KJ, et al: Octreo-
tide versus octreotide plus interferon- �  in 
endocrine gastroenteropancreatic tumors: 
a randomized trial. Clin Gastroenterol 
Hepatol 2005;   3:   761–771. 

 147 Modlin IM, Gustafsson BI, Pavel M, et al: A 
nomogram to assess small-intestinal neu-
roendocrine tumor (‘carcinoid’) survival. 
Neuroendocrinology 2010;   92:   143–157. 

 148 Butturini G, Bettini R, Missiaglia E, et al: 
Predictive factors of efficacy of the soma-
tostatin analogue octreotide as first-line 
therapy for advanced pancreatic endocrine 
carcinoma. Endocr Relat Cancer 2006;   13:  
 1213–1221. 

 149 Delle Fave G, Kwekkeboom DJ, Van Cut-
sem E, Rindi G, et al: ENETS consensus 
guidelines for the management of patients 
with gastroduodenal neoplasms. Neuroen-
docrinology 2012;95:74–87.  

 150 Kouvaraki MA, Ajani JA, Hoff P, et al: Flu-
orouracil, doxorubicin, and streptozocin in 
the treatment of patients with locally ad-
vanced and metastatic pancreatic endo-
crine carcinomas. J Clin Oncol 2004;   22:  
 4762–4771. 

 151 Delaunoit T, Ducreux M, Boige V, et al: The 
doxorubicin-streptozotocin combination 
for the treatment of advanced well-differ-
entiated pancreatic endocrine carcinoma; a 
judicious option? Eur J Cancer 2004;   40:  
 515–520. 

 152 Fjallskog ML, Janson ET, Falkmer UG, et al: 
Treatment with combined streptozotocin 
and liposomal doxorubicin in metastatic 
endocrine pancreatic tumors. Neuroendo-
crinology 2008;   88:   53–58. 

 153 Moertel CG, Lefkopoulo M, Lipsitz S, et al: 
Streptozocin-doxorubicin, streptozocin-
fluorouracil or chlorozotocin in the treat-
ment of advanced islet-cell carcinoma. N 
Engl J Med 1992;   326:   519–523. 

 154 Kwekkeboom DJ, de Herder WW, Kam BL, 
et al: Treatment with the radiolabeled so-
matostatin analog [ 177 Lu-DOTA 0 ,Tyr 3 ]oc-
treotate: toxicity, efficacy, and survival. J 
Clin Oncol 2008;   26:   2124–2130. 

 155 Yao JC, Shah MH, Ito T, et al: Everolimus 
for advanced pancreatic neuroendocrine 
tumors. N Engl J Med 2011;   364:   514–523. 

 156 Raymond E, Dahan L, Raoul JL, et al: Suni-
tinib malate for the treatment of pancreatic 
neuroendocrine tumors. N Engl J Med 
2011;   364:   501–513. 

 157 Aparicio T, Ducreux M, Baudin E, et al: An-
titumour activity of somatostatin ana-
logues in progressive metastatic neuroen-
docrine tumours. Eur J Cancer 2001;   37:  
 1014–1019. 

 158 Nehar D, Lombard-Bohas C, Olivieri S, et 
al: Interest of chromogranin A for diagno-
sis and follow-up of endocrine tumours. 
Clin Endocrinol (Oxf) 2004;   60:   644–652. 

 159 Arnold R, Chen YJ, Costa F, et al: ENETS 
Consensus Guidelines for the Standards of 
Care in Neuroendocrine Tumors: follow-up 
and documentation. Neuroendocrinology 
2009;   90:   227–233. 

 160 Panzuto F, Boninsegna L, Fazio N, et al: 
Metastatic and locally advanced pancreatic 
endocrine carcinomas: analysis of factors 
associated with disease progression. J Clin 
Oncol 2011;   29:   2372–2377. 

  




