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Neuroendocrine tumours require dedicated interventions to con-
trol their capacity to secrete hormones but also, antitumour
growth strategies. Recommendations for early interventions in
NET include the management of hormone-related symptoms and
poorly differentiated neuroendocrine carcinomas. In contrast,
prognostic heterogeneity is a key feature of well differentiated NET
that complexified the antitumour strategy whatever the stage in
this subgroup of tumour. In this review, timely therapeutic in-
terventions to control hormone-related symptoms and tumour
growth in GEP NET patients are discussed. The necessity of
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Table 1
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pNET ¼ pancreatic neuroendocrine tumour.
controlling hormone-related symptoms as the first step of any
strategy affects also the tumour growth control strategy. In the
absence of cure at the metastatic stage, progresses are expected in
the recognition of well differentiated NET subgroups that display
either excellent or poor prognosis.

� 2013 Published by Elsevier Ltd.
Introduction

Gastro-enteropancreatic neuroendocrine tumours (GEP NET) constitute a heterogeneous group of
tumours responding to a common definition i.e. the expression of specific markers associated with the
granules and vesicules characteristic of peptide-producing neuroendocrine cells. They also express
common characteristics, including the secretion of hormones, their association as part of inherited
syndromes, the existence of common activated molecular pathways but also the expression of speci-
alized membrane receptors like the somatostatin receptors, the presence of a hypervascularized
stroma [1,2]. These characteristics translate into a common characterization process but also into
common therapeutic targeting [3]. The primary location but also the pathological differentiation,
recently incorporated along with the proliferative capacities as part of grading for digestive NET,
strongly influence their presentation but also correlate with the stage at diagnosis [1,4–15] (Table 1).

Although NETs were initially thought to pursue an indolent course, successive standardization of
pathological and TNM classifications were of major help in outlining the prognostic heterogeneity of
this group of tumours. Indeed, even at the metastatic stage, survival ranges between 0 and 100% at five
years according to the characteristics of the tumour. In the absence of curative tools at this advanced
stage [16] and due to the fact that a large number of randomized trials have not been carried out,
prognostic parameters balanced with safety issues remain the decisive elements of the antitumour
therapeutic intervention, nowadays.

In this review, the term well differentiated neuroendocrine tumour will apply to G1 and G2
digestive NET but also to typical and atypical bronchial carcinoids. Poorly differentiated neuro-
endocrine tumour will apply to G3 digestive NEC but also to large cell bronchial carcinoma. The issue of
small cell lung carcinoma will not be specifically addressed. Data issued from expert centres, that
provide a multivariate analysis, constitute the basis of this review since they provide the most com-
prehensive and standardized characterization of patients. We will discuss therapeutic interventions to
control hormone-related symptoms first and then, tumour growth in GEP NET patients and show how
the necessity of controlling hormone-related symptoms as the first step of any strategy affects the
tumour growth control strategy.

Intervention in GEP NET for the control of hormone-related symptoms

Functioning syndrome a typical feature of well differentiated NET

One of the most specific features of NETs in oncology is their ability to secrete hormones, creating
hormone-related symptoms, also named functioning syndromes. The presence of hormone-related
t metastasis and probability of poorly differentiated carcinoma at diagnosis.

al differentiation-grading

of poorly differentiated
�1%

Probability of poorly differentiated
carcinoma >1%

a-gastrinoma
Bronchus
Rectum
Gastric

tioning pNET
Pancreas (non-functioning)



E. Baudin et al. / Best Practice & Research Clinical Gastroenterology 26 (2012) 855–865 857
symptoms depends on NETs pathological differentiation (recently incorporated in tumour grading),
TNMstage andprimary location; it is also influenced by tumour load. In brief, functioning syndromes are
mainly diagnosed in well differentiated NET, potentially at an early stage in foregut (lung, pancreas,
duodenum)-derived NET, but mainly at an advanced metastatic stage especially in midgut (ileum)-
derived NET [1,2]. Functioning syndromes affect the quality of life and prognosis of these patients.
Indeed, historical reports have clearly demonstrated that presence of hormone secretions may alter the
survival of patients before the tumour growth does [17]. Interestingly, in recent prognostic studies,
the presence of hormone-related symptoms or increased hormone-related markers together with
the TNMstage,were themost powerful prognostic parameters found in some reports dealingwith ileum
primary [9,18,19] but not pancreatic NET primary [12,20–26]. This result suggests that the prognostic
information related to the presence of a functioning syndrome may differ according to the primary.

Functioning syndrome, a typical feature of well differentiated NET that requires dedicated interventions

Major medical therapeutic progress has been made in the control of hormone-related symptoms.
When such functioning syndromes occur, starting dedicated medical interventions to control
hormone-related symptoms are recommended before any antitumour therapeutic intervention [17]
(Fig. 1). Somatostatin analogue therapy is given to control carcinoïd, VIPoma, glucagonoma, acrome-
galy syndromes. Dedicatedmedical agents such as proton pump inhibitors, cortisol secretion inhibitors,
diazoxide are given in the case of gastrinoma, Cushing syndromes or insulinoma, respectively. Recently,
promising results have been shown with everolimus in patients with malignant insulinoma to control
refractory hypoglycemia [27]. However, it remains that these antisecretory agents allow complete
symptomatic response in only rare cases, like in the case of gastrinoma treated with proton pump
inhibitors. Therefore, in the case of localized well differentiated NET, surgery remains the only curative
option when hormone-related symptoms occur.

In the vast majority of advanced NET, therapeutic dedicated medical interventions to control
hormone-related symptoms remain palliative. The absence of hormone level normalization, persistent
hormone-related comorbid conditions like the carcinoid heart syndrome or the poor prognosis of
malignant insulinomas are evidence that cure of hormone secretions is still an unmet need in NET
[17,28,29]. As a consequence, lifelong medical interventions to control hormone-related symptoms are
maintained in most cases of functioning unresectable NET. Furthermore, additional tools that typically
NET characterization
including, 

WHO Classification 

WELL
DIFFERENTIATED

LOCALIZED ADVANCED
GODD PROGNOSIS

TREAT IF, 
Cure expected,uncertain

benign behavior,  
Symptomatic/ Fucntioning

safe<1%mortality

TREAT IF, 
Progressive tumor

Symptomatic/ Functioning
High Tumor burden 
Safe<3% mortality

ADVANCED
POOR PROGNOSIS *

POORLY
DIFFERENTIATED or

G3 NEC
= TREAT always

= TREAT always 

FUNCTIONING
SYNDROME

= TREAT always

Fig. 1. Interventions in NET. *¼ G2 (Ki67 > 10–15%) or atypical (mitotic count >5 10 HPF) well differentiated NET and high tumour
burden or, ENETS G3 neoplasms.
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consist in strategy dedicated to decrease the tumour burden are required to improve such hormone-
related symptoms. At that point in time, both antisecretory and antitumour strategieswill be combined
and the question of the synergism of these combined medical interventions will be raised. The relative
contribution of each option in the control of hormone-related symptoms or tumour growth will be
unclear if started, concurrently.

Functioning syndrome, a typical feature of NET that requires dedicated interventions that affect antitumour
strategy and the design of trials

If the prerequisite of a therapeutic intervention when functioning syndromes are present is widely
accepted, it should be kept inmind that such interventionmayaffect tumour growth. Some examples of
this are somatostatin analogue therapy which is used in patients with carcinoid syndrome or ever-
olimus therapy used in patients with malignant insulinomas. Both drugs have antitumour activity as
recently demonstrated in placebo-controlled phase III trials [28,30]. Therefore in functioning NET pa-
tients, the control of hormone secretion affects directly or indirectly the control of tumour growth, at
least in subgroups of patients such as through anti-angiogenic effects [31]. On a routine basis, these
results signify that both the antisecretory and antitumour efficacy of each single intervention should be
evaluated in each patient but also, should not be considered as separate and independent interventions.

Concerning trial design, a new strategy emerging in NET patients is dedicated to better under-
standing the respective antisecretory and antitumour roles of each single intervention. Indeed, the
recently published RADIANT 2 trial and the ongoing RADIANT 4 trial address the question of the
antitumour role of a medical agent, i .e everolimus, in two different populations of well differentiated
non-pancreatic NET patients, classified according to their history of functioning syndrome (RADIANT 2)
[32] or not (RADIANT4) (NCT01524783). Indeed, in the RADIANT 2 trial, patients with a history of
functioning carcinoid syndrome were randomized for: somatostatin analogue therapy combined with
everolimus or best supportive care. This study showed a five-month non-significant improvement of
PFS in the somatostatin analogue-everolimus arm and leaves unanswered the question of the specific
antitumour and or antisecretory roles of everolimus, alone. In addition the potential synergism of the
combination of somatostatin analogue therapy and everolimus in these patients could not be deter-
mined sincemost patients received somatostatin analogue therapy prior to the enrolment in the trial to
control the functioning syndrome. To get further insights into the antitumour role of Everolimus, as
a single agent, the RADIANT 4 trial is ongoing, in non-functioning well differentiated non-pancreatic
NET patients, randomized for everolimus alone or best supportive care. Due to the enrolment of non-
functioning patients, somatostatin analogue therapy is no longer mandatory and the antitumour
efficacy of everolimus alone will be better understood. However, one question at issue is how this new
selection of patients, in functioning or non-functioning subgroups, will affect the characteristic of the
population enrolled. Indeed, since functioning syndrome has been reported to affect in a negative way
the prognosis of non-pancreatic well differentiated NET like ileum NET, it could be hypothesized that
the RADIANT 4 trial will enrol patients with less advanced disease in comparison to the RADIANT 2 trial.
This hypothesis is reinforced by the analysis of the PROMID study, a placebo phase III trial which
evaluated the antitumour impact of somatostatin analogue therapy in midgut NET. In this study,
patients enrolled experienced no or mildly functioning ileum NET. Finally, it emerged that 75% of
the patients enrolled in the PROMID study experienced a low liver involvement below 10% and low
proliferative index in 97% of cases and could finally be therefore classified as ‘good prognosis’ [28].
A precise characterization of all relevant prognostic parameters is expected to supply answers on this
issue and allow comparisons between different trials in the future. This example illustrates how the
need to better understand the antisecretory and or antitumour roles of each single therapeutic inter-
vention in NET patients, affects the trial design but also potentially the selection of patients enrolled.

Interventions in GEP NET for the control of tumour growth

One of the most challenging features of NET consists in their heterogeneous prognosis. Indeed,
within the spectrum of well differentiated NET, 100% survival at five-years is achievable whatever the
TNM stage, at least in subgroups of patients [33]. In addition, no means exist that procide cure at this
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stage [16]. These simple observations make clear the fact that the decisive elements of any therapeutic
decision in NETs should be based on the adequate balance between benefits expected from therapeutic
intervention and safety. The low number of randomized trials and therefore the low level of evidence-
based medicine, also argue in favour of the benefit–risk ratio as a critical parameter in the therapeutic-
making decision. Finally, a few predictors of tumour response are used in NET and no one is definitely
validated.
Prognostic heterogeneity as a key feature of NET even at the metastatic stage: refinements
expected per WHO subgroups and TNM stages

Due tomultiple facets of NET but also multiple primary locations and only recently established TNM
classifications, the key prognostic determinants of this group of tumours were difficult to establish.
Indeed, parameters playing a putative prognostic role are numerous in NET and include at least,
parameters like: functioning syndromes and/or hormone levels, inherited syndromes, pathological
differentiation and/or grading, TNM stage and finally, the primary location. Interestingly, the fact that
NET definition describes a network of tumours and not a single organ tumour creates a unique level of
complexity. Indeed, specific features of NET are highly interrelated with the primary location, as
illustrated in Table 1 [7,8,11–14]. Taking into account studies from expert centres, that characterized in
a standardized manner most of these parameters, pathological differentiation renamed grading for
digestive primaries and, TNM stage emerged as the two most important prognostic parameters. Poorly
differentiated NEC are characterized by a poorer outcome in comparison with well differentiated NET
whatever the TNM stage and the primary location [11,12,15,23,34–38]. In this subgroup of poorly
differentiated NEC, a homogeneous aggressive prognostic course has been described, as illustrated by
a five-year overall survival below 10% in the case of metastatic presentation. As a result, urgent ther-
apeutic intervention is recommended, as soon as, the diagnosis is ascertained on adequate specimen by
skilled pathologists [3,39] (Fig. 1). TMM stage constitutes the second most powerful prognostic
parameter whatever the primary [18,40–42].

In contrast, with poorly differentiated NEC, the prognosis of well differentiated metastatic NET
remains broadly heterogeneous. Interestingly, in recent recommendations, watch and see policy is
considered an option in subgroups of well differentiated GEP NET [3]. The heterogeneity of well dif-
ferentiated GEP NET is illustrated inmetastatic patients by a five-year survival of 30%–78 % or, a median
overall survival that ranges from of 10.8–74 months from the time of diagnosis or therapeutic inter-
vention [33,43–59] (Table 2). This heterogeneity in prognosis makes comparison of historical results
impossible and, the timely decision to initiate the treatment a critical question in well differentiated
NET. Recently, placebo-controlled trials in metastatic well differentiated NET reported in placebo arms,
a 74-months median OS in ileum well differentiated NET and, median OS in progressive pancreatic
NETs superior to 26 months [28,60]. Further prognostic studies are therefore expected to refine, stage
by stage, the prognostic outcome of this subgroup of patients.
Towards the recognition of NET subgroups that display either excellent or poor prognosis as
defined by more than 90% or less than 30% survival at five-year: preliminary results

Well differentiated Grade 1 (G1) digestive NET or typical bronchial carcinoid [61], without lymph
node extension and distant metastasis experience the best outcome. Surgery is recommended when
cure is expected but, is also key to refining the pTNM and pathological classifications [62,63]. After
surgery, patients with lowproliferative index, absence of angioinvasion, N0 and R0 resections constitute
the most favourable subgroup of patients in terms of prognostic behaviour [8,11,12,24,26,34–36,64–69].
However, the absence of a routine use of lymph node dissection in digestive NET, the evolving classi-
fications or, recent implementation of R0 status in studies together with the prolonged survival of these
patients explain why no single NET prognostic study has taken into account such a comprehensive
panel of markers. Interestingly, the excellent survival of these patients, more than 95% probability at ten
years, challenges the routine use of surgery. Such challenges happen for instance, when, the preclinical
condition highly suggests a benign behaviour like in type 1 gastric carcinoids or, in patients inwhom the



Table 2
Survival of stage IV well differentiated NET at the time of diagnosis or therapeutic intervention.

Author Patients
(n)

Primary
location

Therapeutic setting Overall survival (%) Median overall
survival (months)

Yu et al 1999 [52] 37 Gastrinoma Diag of stage IV Five-year OS: 61% ND
Clancy et al 2006 [45] 137 Various Diag of stage IV Six-year OS: 67% Six years
Ahmed et al 2009 [9] 112 Ileum Diag of stage IV Five-year OS: 78% 5.95 years
Durante et al 2009 [33] 118 Various Diag of stage IV Five-year OS: 54% ND
Stosberg et al 2011 [12] 146 Ileum Diag of stage IV Five-year OS: 57% 69 mo
Hentic et al 2011 [43] 63 Various Diag of stage IV Five-year OS: 52% ND
Kölby et al 2003 [55] 68 Midgut Octreotide or, IFN

Randomized trial
Five-year OS:
46.5% (Oc: 36%,
Oc þ IFN: 56%)

ND

Arnold et al 2005 [80] 109 Various Octreotide or
IFN-octreotide
randomized

ND Oc: 35 mo
Oc þ IFN: 51 mo

Rinke et al 2009 [28] 90 Midgut Octreotide or placebo
randomized

ND Octreotide: 73.7 mo
Placebo: Not
estimated

Que et al 1995 [81] 74 Various Liver surgery Four-year OS: 73% Not reached
Elias et al 2003 [82] 47 Various Liver surgery Five-year OS: 71% 91 mo
Sarmiento et al 2003 [53] 170 Various Liver surgery Five-year OS: 61% 81 mo
Mayo et al 2011 [83] 753 Various Liver surgery or liver

intra-arterial therapy
Five-year OS 61.7 %
(Surgery: 74%,
IAT: 30%)

54.9 mo

Bushnell et al 2010 [84] 90 Carcinoïds PRRT phase II ND 26.9 mo
Moertel et al 1979 [46] 89 Various STZ-EDX or STZ-5FU

randomized
ND STZ-EDX: 12.5 mo

STZ-5FU: 11.2 mo
Moertel et al 1980 [47] 103 Pancreas STZ or 5FU-STZ

randomized
ND STZ: 16 mo

5FU-STZ: 26 mo
Engstrom et al 1984 [48] 172 Carcinoids 5Fu-STZ or Dox

randomized
ND 5FU-STZ: 16 mo

Doxorubicin: 12 mo
Bukowski et al 1987 [49] 65 Carcinoids 5-FU-EDX-STZ þ/� Dox

phase II
ND 10.8 mo

Moertel et al 1992 [78] 125 Pancreas CZT or 5FU-STZ or
Doxo-STZ randomized

ND CZT: 1.4 year
5FU-STZ: 1.5 year
Doxo-STZ: 2.2 years

Bukowski et al 1992 [85] 51 Pancreas 5FU-CZT phase II ND 25 mo
Ramanathan et al 2001 [86] 54 Pancreas DTIC phase II ND 19.3 mo
Delaunoit et al 2004 [56] 45 Pancreas DDR STZ retrospective Three-year OS: 24.4% 24 mo
Kouvaraki et al 2004 [76] 84 Pancreas STZ, 5FU-DXR

retrospective
Two-year OS: 74% 37 mo

Sun et al 2005 [79] 176 Various
Non
pancreas

5FU-dox or 5FU-STZ
randomized

ND Overall: 18.4 mo
Dox-STZ: 16 mo
5FU-STZ: 24 mo

Dahan et al 2009 [57] 64 Various
Non
pancreas

5FU-STZ or IFN
randomized

Overall:
Two-year OS: 70%

5FU-STZ: 30 mo
IFN: 44 mo

Meyer T et al [59] 86 Various Cap-STZ-CDDP or
Cap-STZ randomized

OS-one yr 72 or 73% –

Raymond et al 2011 [58,60] 171 Pancreas Sunitinib or placebo
randomized phase III

ND Sunitinib: 33.0 mo
Placebo: 26.7 mo
NS

OS¼Overall survival, Oc¼ octreotide, IFN¼ interferon, LR¼ lanreotide, Oc LAR¼ octreotide long-acting release, PRRT¼ peptide
receptor radionuclide therapy, STZ ¼ streptozotocin, EDX ¼ cyclophosphamide, 5FU ¼ 5 fluorouracil, Dox ¼ doxorubicin,
CZT ¼ chlorozotocin, Cap ¼ capecitabine, CDDP ¼ cisplatinum, pts ¼ patients, NA ¼ not applicable, NR ¼ not reported, ND¼ not
determined.
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mortality rate of the surgery is expected to be above 1%, like in patients with a sporadic or inherited
pancreatic NET localized in the head of the pancreas [63,70].

Remarkably, a good prognosis as defined by an expected five-year survival above 90% at five-years,
can also be achieved in subgroups of patients with metastatic well differentiated G1 digestive NET or,
typical bronchial carcinoid [8,11,24,26,34–36,64–68,71,72]. However, the uncertain reproducibility of
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the proliferative index determination at the metastatic stage makes additional parameters required to
secure the very good prognostic classification of this subgroup [33]. The growth curve of the tumour
shown by the imaging procedures at three to six-month intervals can be used to refine the prognostic
classification [33,52]. In addition, the tumour burden defined by the number of tumour organs and/or
tumour liver involvement allows a better identification of patients in whom such a watchful strategy
can be confirmed and maintained [28,33,43–45]. Typically, asymptomatic patients with ileum well
differentiated NET or typical bronchial carcinoid as defined by low mitotic count and/or Ki 67 index
(in the range of G1 digestive NET or typical bronchial carcinoid), non progressive at two morphological
evaluations at threemonths should be considered as belonging to this group of patients. Indeed within
the scope of digestive NET, metastatic midgut primary have been shown to pursue a less aggressive
course than hindgut or foregut-derived NET including pancreatic primary [33,40,43,73,74]. Other
prognostic parameters like the control of hormone-related symptoms [17,18,29,33,44], low level of
chromogranin A [18,33], absence of bone metastases, primary resectability help confirming the good
prognosis of this subgroup of patients. Of note, although the classifications of lung or digestive NETs use
strict thresholds of proliferative indexes to categorize each tumour subgroups, it may be anticipated
that patients who present with proliferative indexes in the low range of the G2 classification of
digestive NET or atypical bronchial carcinoid subgroup definitions may also benefit from such a cau-
tious management [11,75]. In these patients, watchful follow up plus or minus locoregional options,
constitute an adequate strategy. A constant effort to avoid the risk of definitive toxicity and to assure
a mortality rate below 3% should drive the strategy.

By contrast, metastatic poorly differentiated NEC patients indisputably constitute the subgroup of
most aggressive neuroendocrine tumours, in which early therapeutic intervention is mandatory
whatever the primary location as strongly suggested by recommendations [3,39] (Fig. 1). Similarly,
subgroups of patientswithmetastatic well differentiated G2NETand high liver tumour burdenmay also
require early therapeutic intervention when a poor outcome is expected as illustrated by a five-year
survival below 30%. Definitions of significant liver involvement such as more than ten metastases,
bilateral liver involvement, increased alkaline phosphatase levels or, >25–75% liver involvement have
been proposed which require further standardization [33,43–45,76]. In addition, a mitotic index above
ten or Ki67 index above 10–20% have also been proposed as thresholds to qualify aggressive subgroups
of well differentiated tumours [11,15,33,43,72]. A combination of these parameters: markers of high
tumour burden and high proliferative index or, a progressive slope in a given patient constitute themost
accurate definition of a poor prognosis in well differentiated NET defined by a five-year survival below
30%. Metastatic G2 pancreatic or rectum digestive NET or atypical bronchial or thymic carcinoid with
such high tumour burden and proliferative index constitute examples of subgroups of NET candidates
for an early therapeutic intervention. Recent studies suggest that advanced NEN with high proliferative
indexes, in the G3 ENETS grading range, whatever the pathological differentiation should also be
considered as of poor prognostic NET requiring an early therapeutic intervention [8,9,12,15] (Fig. 1).

Analysis of the results of therapeutic interventions are based on low level of evidence

Surgery remains the only curative option in localized NET and strategy at the metastatic stage
remains palliative. The number of randomized studies in NET remains low and only two have enrolled
more than 100 patients per arm [30,77]. Improved overall survival has been reported in well differ-
entiated pancreatic NET treated with the doxorubicin–streptozotocin combination and, in functioning
well differentiated NET treated with the fluorouracil–streptozotocin combination but the results were
never confirmed [78,79]. Finally, strategies in NET are mainly based on expert-based recommenda-
tions. Absence of a large number of randomized trials in NETcan be considered a direct consequence of
its historical complexity but also of heterogeneous prognosis and prolonged survivals that make this
group of tumours one of the most complex to treat. Nowadays, the number of predictors that can help
to select the best strategy in these patients is still limited. Prescription of cisplatinum-based regimen in
case of poorly differentiated NEC, higher response rate to cytotoxic chemotherapy inwell differentiated
NET of pancreatic origin, higher response rate to peptide receptor radionuclide therapy in case of high
uptake at the somatostatin receptor scintigraphy and low tumour burden as a predictor of response to
locoregional therapy or somatostatin analogue therapy are the most frequently cited predictors [3].
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Summary

Objectives of interventions in NET patients are both to control hormone-related symptoms and
tumour growth. This is best achieved in localized well differentiated NET by surgery which remains the
only curative option. The aggressiveness of poorly differentiated neuroendocrine carcinoma warrants
early medical interventions. Interventions in advanced well differentiated NET should take into ac-
count presence of functioning syndromes but also their strong heterogeneous prognosis, and absence
of curative options. Prognostic factors for each TNM stage according to WHO classification, level evi-
dence associated with each intervention, predictors of response remain major unanswered questions.
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Practice points

The standardized characterization of NET patients in expert centres for the following pa-
rameters: functioning syndrome, chromogranin A levels, inherited syndromes,WHO pathological
differentiation and or grading, TNM stage, tumour burden and slope at the metastatic stage and
finally, the primary location is a prerequisite before any therapeutic intervention.

Therapeutic interventions for functioning syndromes and poorly differentiated neuro-
endocrine carcinoma constitute consensual recommendations.

In well differentiated NET, the benefit over risk ratio is the main determinant of the treatment
initiation : surgery is proposed in most localized NET.

Research agenda

Randomized trials in well characterized NET patients.
Prognostic studies according to each TNM stage and WHO classification categories.
Common terminologies whatever the primary location.
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