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INVITED REVIEW

Abstract Gastroenteropancreatic neuroendocrine tumors (GEP-NETs) are relatively rare and complex 
neoplasms that present many clinical challenges. Most GEP-NETs are sporadic, but they can 
be multiple and a component of a familial syndrome. Assessment of the location and extent 
of GEP-NETs is crucial for management and a number of novel imaging modalities are under 
evaluation with the principal goal of increasing sensitivity for the detection of micro-metas-
tases while retaining specificity. The appropriate diagnosis and treatment of neuroendocrine 
tumors often involves collaboration between specialists in multiple disciplines, using specific 
biochemical, radiologic, and surgical methods. Management strategies include surgery, ra-
diological intervention, cytotoxic chemotherapies, somatostatin analogs and novel biological 
agents such as sunitinib and everolimus. Other biological agents, new chemoteraphy regimens 
and somatostatin-tagged radionuclide therapies are also under investigation. In spite of this, 
comparison between therapeutic modalities is currently difficult. Further studies are warranted 
to individualize and optimize the diagnosis and treatment of these tumors.
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Introduction

Gastroenteropancreatic neuroendocrine tumors (GEP-
NETs), also known as carcinoids and islet cell tumors, are 
tumors derived from neuroendocrine cells that can occur 
anywhere along the gastrointestinal tract and comprise a 
heterogeneous family of neoplasms with a wide and complex 
spectrum of clinical behavior. These tumors have been 
considered rare diseases, although the most recent data from 
the US Surveillance Epidemiology and End Results show an 
impressive increase of more than 400% in the incidence of 
this disease over a period of 29 years, rising from 1.09 per 
100,000 population in 1973 to 5.25 per 100,000 population 
in 2004 [1]. GEP-NETs are more prevalent than many other 
tumors of the gastrointestinal tract, including stomach and 
pancreatic carcinomas combined. Age at diagnosis is generally 
younger than for carcinomas (5th decade) and they may 

arise sporadically or as a result of hereditary predisposition 
syndromes such as multiple endocrine neoplasia type 1, Von 
Hippel-Lindau’s disease or neurofibromatosis type 1. 

GEP-NETs have traditionally been divided into foregut 
(esophagus, stomach, proximal duodenum, liver and pancreas), 
midgut (distal duodenum ileum, jejunum, ascending colon 
and proximal two thirds of transverse colon) and hindgut 
tumors (distal third of transverse colon, descending colon, 
sigmoid colon and rectum).

Survival of patients with GEP-NETs depends on stage and 
histology. Patients with well- and moderately-differentiated 
distant metastases have a 5-year survival probability of 35%; 
conversely, in patients with poorly-differentiated distant 
metastases, the 5-year survival probability drops to only 4% [1].

Treatment has two objectives: 1) remove the tumor, or, 
alternatively, reduce or stop the growth and spread of it; and 
2) relieve symptoms of excessive hormone production. 

Diagnosis

GEP-NETs are characterized by their ability to produce, 
store and secrete a large number of peptide hormones and 
biogenic amines which can lead to the development of 
distinct clinical syndromes. Based on this, GEP-NETs are 
broadly subdivided into “functional” or “non-functional” 
tumors (with or without a clinical syndrome attributable to 
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Table 1 Classification of GEP-NETs by site of origin and by hormonal activity

GEP-NET Secretion product Clinical symptoms/ syndrome

Functional carcinoid Serotonin Carcinoid syndrome (flushing, diarrhea and heart disease)

Gastrinoma Gastrin Zollinger–Ellison syndrome (acid hypersecretion, dudoenal 
ulceration, esophagitis and diarrhea)

Insulinoma Insulin Hypoglicemia

Glucagonoma Glucagon Diabetes and necrolytic migratory erythema

VIPoma VIP Verner-Morrison or WDHA syndrome (watery diarrhea-
hypokalemiaachlorhydria)

GEPNETs, gastroenteropancreatic neuroendocrine tumors; VIP, vasoactive intestinal peptide

Table 2 TNM classification of NETs

GI tract:

– Carcinoid: separate staging by site

– Small cell/large cell: stage as carcinoma

Pancreas: stage as carcinoma

Lung: stage as carcinoma

Skin: separate classification for Merkel cell carcinoma

Adapted from Sobin L, Gospodarowicz M, Wittekind C (eds) (2010) TNM 
classification of malignant tumours, 7th edn. Wiley-Blackwell, Oxford

hormonal hypersecretion, respectively). Most GEP-NETs do 
not secrete biologically active substances and present fairly 
late with symptoms of mass effects or distant metastases 
[2]. Among the “functional” tumors, each of these secreted 
substances causes a specific clinical syndrome, including 
carcinoid, Zollinger-Ellison, insulinoma, Verner-Morrison, 
and glucagonoma syndromes (Table 1). Specific markers 
for these syndromes are basal and/or stimulated levels of 
urinary 5-hydroxyindoleacetic acid, serum or plasma gastrin, 
insulin, vasoactive intestinal polypeptide and glucagon, 
respectively. General markers such as chromogranin A, 
pancreatic polypeptide, serum neuron-specific enolase and 
subunit of glycoprotein hormones have been used for screening 
purposes in patients without distinct clinical hormone-related 
syndromes. The most important general circulating tumor 
marker is chromogranin A, expressed in 80-90% of all patients 
with GEP-NETs. Chromogranin A determination is also 
useful for staging, prognosis and follow up, since the serum 
concentration correlates to the tumor mass.

Tumor location and extent have a decisive role in therapy 
planning. Imaging modalities include conventional radiology, 
such as transabdominal ultrasonography, computerized 
tomography (CT) and magnetic resonance imaging, selective 
angiography, nuclear imaging including somatostatin receptor 
(SSTR) scintigraphy with single-photon emission CT, bone 
scintigraphy, endoscopic ultrasonography and various 
intraoperative methods. For localization of both primary 
and metastatic lesions, the primary imaging method should be 
somatostatin receptor scintigraphy (Octreoscan), a test where 
[111]indium-labeled somatostatin analogs, such as octreotide, 
are used in scintigraphy for detecting tumors expressing 
somatostatin receptors. Hovewer, none of these techniques 
have 100% sensitivity. Currently, several new modalities to 
increase sensitivity are under evaluation [3]. Positron emission 
tomography (PET) with 18-fluorodeoxyglucose ([18F] FDG) 
is mainly useful for highly aggressive GEP-NETs [4]. For 
this reason, other hybrid systems of diagnosis are under 
evaluation. Among these, PET with (68)Ga-DOTATATE or 
(68)Ga-DOTATOC, both with a high affinity to the SSTR 
subtype 2 [5], enables diagnosis of NET with a very high 
sensitivity, but they are not widely available. 

Staging

There are three major classifications in current clinical 
use: 1) the WHO classification [6,7]; 2) the European NET 
Society (ENETS) TNM and grading system [8,9]; and 3) the 
Union for International Cancer Control (UICC) TNM system 
(7th edition, 2010) [10] (Tables 2 and 3).

In 2000, the WHO published a classification, which was 
updated in 2004 and most recently in 2010, differentiating 
between the terms NET and neuroendocrine carcinoma (Table 
4). The grading system is based upon the number of mitoses 
(low [G1]: <2/10 HPF; intermediate [G2]: 2-10/10HPF; high 
[G3]: >10/HPF) and the ki-67 index (≤ 2%, 3-20%, > 20% for 
the G1, G2, G3 tumors, respectively). GEP-NETs were divided 
into well-differentiated NETs (<2 cm in size, <2% Ki-67 
index), well-differentiated neuroendocrine carcinomas (>2 
cm in size, >2% Ki-67 index, or angioinvasive), and poorly-
differentiated neuroendocrine carcinomas (Ki-67 >20%). 
Later the ENETS defined two different guidelines covering 
this issue for foregut NETs first and for midgut and hindgut 
NETs later on. Finally, in 2010 the UICC published another 
TNM system. Both the WHO classification and the TNM 
staging system seem to be of prognostic value, and both of 
them have their own advantages and disadvantages.
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Therapy

Surgery

Surgery is the only potentially curative therapeutic strategy 
in localized disease. Radical oncological surgery is indicated 
except for small carcinoids (<2 cm) of the stomach, appendix 
or rectum, in which more conservative surgical or endoscopic 
resections may be appropriate due to their low malignant 
potential. Small pancreatic insulinomas also have a very good 
prognosis (90% are benign tumors) and tumor enucleation is 
generally sufficient [3]. No adjuvant therapy is recommended 
in completely resected, well-differentiated localized GEP-NETs. 
Adjuvant chemotherapy with platinum and etoposide may be 

Table 3 TNM staging for gastrointestinal NETs

Appendix Stomach

T1 ≤2 cm

T2 >2–4 cm; cecum

T3 >4 cm; ileum

T4 Perforates peritoneum; other organs, structures

Tis <0.5 mm confined to mucosa

T1 Lamina propria or submucosa & ≤1 cm

T2 Muscularis propria or >1 cm

T3 Subserosa

T4 Perforates serosa; adjacent structures

Small intestine Large intestine

T1 Lamina propria/submucosa and ≤1 cm

T2 Muscularis propria or >1 cm

T3 Jejunal, ileal: subserosa. Ampullary, duodenal: pancreas or 
retroperitoneum

T4 Perforates serosa; adjacent structures

T1 Lamina propria or submucosa or ≤2 cm; T1a ≤1 cm; T1b 
1–2 cm

T2 Muscularis propria or >2 cm

T3 Subserosa or pericolorectal tissues

T4 Perforates serosa; adjacent structures

Carcinoid: appendix Carcinoid: other GI sites

Stage I   T1 N0

Stage II  T2, T3 N0

Stage III  T4 N0

Any T N1

Stage IV Any T Any N M1

Stage I   T1 N0

Stage IIA  T2 N0

Stage IIB  T3 N0

Stage IIIA T4 N0

Stage IIIB  Any T N1

Stage IV Any T Any M M1

Adapted from Sobin L, Gospodarowicz M, Wittekind C (eds) (2010) TNM classification of malignant tumours, 7th edn. Wiley-Blackwell, Oxford

Table 4 Comparison of the WHO classifications of gastroenteropancreatic neuroendocrine neoplasms 

WHO 2000 WHO 2010

Highly differentiated neuroendocrine tumor

Highly differentiated neuroendocrine carcinoma

Poorly differentiated (small-cell) neuroendocrine carcinoma

Neuroendocrine tumor G1 (carcinoid) and G2

(Small- or large-cell) neuroendocrine carcinoma G3

Mixed endocrine-exocrine carcinoma Mixed adenoneuroendocrine carcinoma

Tumor-like lesion Hyperplastic and preneoplastic lesion

considered in poorly-differentiated tumors.
Surgery also plays a major role in advance disease. Surgery 

of metastasic disease is recommended if complete resection is 
feasible. Major cytoreductive therapy with palliative purposes 
may be considered even if R0 is not achievable in patients with 
extensive liver metastasis and hormonal syndrome refractory 
to medical therapy. Prophylactic cholecystectomy to prevent 
cholelithiasis is recommended in patients undergoing surgery 
if treatment with somatostatin analogs is anticipated. Surgery 
of the primary tumor may be performed in selected patients 
to avoid obstruction due to the neoplasm or to the fibrotic 
reaction commonly associated with small-bowel carcinoids.

When a functioning tumor is diagnosed before surgery, 
there is a risk of carcinoid crisis when the tumor is operated. 
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This should be prevented by the administration of continuous 
i.v. octreotide at a dose of 50 mg/h for 12 h prior to and at 
least 48 h after surgery [11]. Boluses of 100-200 mg octreotide 
can be given as required. It is also important to avoid drugs 
that release histamine or activate the sympathetic nervous 
system [12]. Similarly, prophylaxis with glucose infusion for 
insulinoma surgery, proton pump inhibitor and octreotide 
for gastrinomas may be required.

Interventional radiology

In patients not suitable candidates for surgery, regional 
control of liver metastases may be achieved by different 
ablative techniques such as radiofrequency ablation, laser 
ablation and cryotherapy, among others [3].

Reduction in tumor burden often leads to a reduction in 
hormone secretion and, consequently, an improvement in 
symptom control. 

Other locoregional approaches include embolization 
of the hepatic artery by particles or cytotoxic agents 
(chemoembolization). These therapeutic strategies are based on 
the fact that, unlike normal hepatocytes, NET liver metastases 
are preferentially supplied by arterial rather than portal 
blood. They are generally employed with palliative purposes 
in patients with slow growing functional tumors refractory 
to medical therapy, but may also be useful to reduce tumor 
burden and control tumor progression in non-functioning 
tumors. Doxorubicin (DOX), streptozocin (STZ), mitomycin 
and fluorouracil (5-FU) are commonly used agents in this 
context, although randomized studies that properly evaluate 
the benefit-risk ratio of chemoembolization with that of 
mechanical embolization are lacking. Clinical responses have 
been reported in up to 80% of the patients and radiological 
responses in about 50%. Median duration of response extends 
up to 18 months [13]. Common adverse events include pain, 
fever or elevation of liver enzymes. Severe complications occur 
in 10% of cases and include acute liver or renal failure, liver 
abscess, cholecystitis or carcinoid crisis.

Although these results have documented the beneficial 
effects of hepatic arterial embolization (HAE) and 
chemoembolization (HACE), doubt remains whether 
chemoembolization offers any therapeutic advantage over 
particulate embolization alone. In a retrospective study of 
Gupta et al [14], the addition of intraarterial chemotherapy 
to embolization did not improve the overall survival (OS) or 
progression-free survival (PFS) in patients with carcinoid 
tumors. In contrast, a tendency toward prolonged survival 
(31.5 vs. 18.2 months) and improved response rate (50% vs. 
25%) was noted in patients with islet cell carcinomas who 
received HACE compared with patients who received HAE, 
although the differences did not reach statistical significance. 
They hypothesized that it is not unreasonable to expect that 
intraarterial chemotherapy will be more effective in patients 
with islet cell carcinomas, because carcinoid tumors are 
generally resistant to systemic chemotherapy, whereas islet 
cell carcinomas generally demonstrate a better response. In 

another retrospective review at three institutions by Pitt et al 
[15] OS was similar in patients managed by HACE or HAE.

Liver transplantation

Unlike other types of tumors, due to the slow growth of 
NET, the possibility of liver transplantation exists. A small group 
of patients with bilobar liver metastases without extrahepatic 
disease can be considered for total tumor hepatectomy with liver 
transplantation in two situations: 1) with the intent to cure; or 2) 
to palliate from life-threatening hormonal disturbances [16]. In 
most series, a high rate of recurrence was reported, with a 5-year 
survival not exceeding series without liver transplantation and 
high morbidity and mortality. Survival is better with metastatic 
small intestinal NETs compared with metastatic pancreatic 
NETs (pNETs). Patients <50 years of age, with low expression 
of Ki-67 and E-cadherin, are most likely to benefit [17].

Somatostatin analogs

The foundation of current NET therapy is based on 
the long-acting somatostatin analogs. They act to alleviate 
symptoms in carcinoid syndrome, stabilize tumor growth 
and improve quality of life. 

There are at least five subtypes of the somatostatin receptor 
(sst1–5), a G-protein-coupled membrane receptor to which 
native somatostatin peptides bind to with high affinity. SSTRs, 
predominantly sst5, are present in the majority of NETs 
(70-95%) but in only half of insulinomas and less in poorly-
differentiated NETs and somatostatinomas. As a result of 
ligand activation, there is inhibition of the release of many 
hormones and impairment of hormonally-mediated exocrine 
function. By this mechanism, somatostatin analogs prevent 
spontaneous and provoked flushing and secretory diarrhea 
in patients with carcinoid syndrome.

The elimination half-life of natural somatostatin peptides 
is only a few minutes, which necessitated the need for a 
synthetic agent, octreotide, with a half-life of several hours, 
and a high affinity for sst2 and sst5. It is administered by s.c. 
injection or i.v. infusion with s.c. dosing starting at 50-100 
µg b.i.d. or t.i.d. to a maximum daily dose of 3000 µg. Other 
short-acting somatostatin analogs include lanreotide. In a 
prospective crossover study, no differences in symptom control 
or biochemical response were seen between octreotide and 
lanreotide [18]. Short-acting somatostatin analogs are used 
in testing patient tolerability, immediate relief of carcinoid 
syndromic symptoms and stabilization of symptoms for 10-14 
days before converting to long-acting therapy [19]. It is also 
used in rescue therapy when carcinoid syndrome symptoms 
occur despite long-acting analogs and also perioperatively to 
prevent and treat carcinoid crises by either s.c. or i.v. routes. 
Nevertheless, the mainstay of NET therapy is in the form of 
long-acting somatostatin analogs. The development of long-
acting depot formulations, octreotide LAR and lanreotide 
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Autogel, has allowed clinically practical administration of these 
drugs by i.m. and deep s.c. routes every 28 days. Biochemical 
response rates with an inhibition of hormone production 
are seen in 30-70% with symptom control in the majority of 
patients [20,21]. Escalation of dose is often required over time 
for symptom control due to poorly understood ‘tachyphylaxis’. 
Minor differences may exist between long-acting octreotide 
and long-acting lanreotide but it has been demonstrated that 
tumors refractory to one analog may respond to the treatment 
of another [22]. 

Recently, it has been confirmed that somatostatin analogs 
have a role in non-functioning small intestinal tumors. Data 
derived from the PROMID phase III study has shown that 
long-term administration of octreotide LAR inhibits tumor 
growth in midgut NETs with low-volume metastatic disease, 
with time to progression twice as long as the placebo arm [23]. 

Few side effects have been reported with somatostatin 
analogs and these include fat malabsorption, gallstones, 
gall bladder dysfunction, vitamins A and D malabsorption, 
headaches, diarrhea, dizziness and hypo- and hyperglycemia.

Interferon-α (IFN-α)

IFN-α was introduced as a treatment for GEP-NETs in the 
early 1980s and exerts an anti-proliferation and anti-secretory 
effect. Apart from inhibiting tumor cell cycle progression, 
it has anti-angiogenic properties. The usual dose is 3-5 
million units s.c., three to five times a week. Symptomatic 
and biochemical responses have been noted in 50% of patients 
with disease stabilization in 60-80% at a follow up of 4 years. 
However, significant tumor reduction only occurs in 10-
15% [24]. Limitations in use of IFN include its side effects 
that include flu-like symptoms, bone marrow suppression, 
thyroid disorders, psychiatric phenomena and chronic fatigue 
syndrome. It has been suggested that patients not responding 
to either somatostatin analogs or IFN-α alone may show an 
improved response with inhibition of tumor growth and 
prolonged survival with the combination treatment of those 
two agents. However, prospective, randomized trials have not 
demonstrated any benefit [25]. 

Peptide-receptor radionuclide therapy (PRRT)

Patients with advanced disease and a positive octreoscan 
may be considered for PRRT. The optimal radionuclide is still 
to be determined, but treatment with 90Yttrium octreotide 
(90YDOTATOC), 90Y-lanreotide and Lu177-DOTA octreotate 
have been reported to achieve not only tumor stabilization but 
also tumor regression (objective partial responses) in up to 30% 
of GEP-NETs [26]. However, experience is limited to single-
institution selected series and randomized controlled trials 
are lacking. In addition, the nonavailability of this therapeutic 
strategy in most countries further limits its widespread use. 
The appropriate timing of this therapeutic intervention or 

the relative long-term benefit-risk ratio compared to other 
treatment options are key questions that remain unanswered. 
Alternatively, 131Iodine-metaiodiobenzylguanidine (MIBG) 
therapy may be considered in advanced tumors with a positive 
MIBG scan (20-50% of NETs).

Chemotherapy

Systemic chemotherapy is widely used, but its precise role 
is not known due to studies including various grades, sites 
and inconsistent response criteria. Thus, there is no standard 
regimen. Systemic chemotherapy has been the standard 
treatment for pNETs based on the data from Moertel et al 
[27] with an objective response of 69%. This study used one 
of the first combinations with STZ and 5-FU. This group also 
demonstrated that the combination of STZ and DOX may be 
better than STZ/FU with a major response rate of 69 vs. 45%, 
respectively, but this was not confirmed in later studies, which 
demonstrates problems with comparing studies. The main 
indication for STZ, 5-FU or DOX includes well-differentiated 
malignant pancreatic NETs. STZ-based combinations in 
pancreatic NETs may help control symptoms and achieve tumor 
response in 40%. A recent study combined 5-FU, cisplatin 
and STZ (FCiSt) in chemo-naïve patients with metastatic or 
locally-advanced NETs [28]. Response rates were 38% for 
pancreatic and 25% for non-pancreatic sites with median 
time to progression 9.1 months and median OS 31.5 months 
with an acceptable toxicity profile and an advantageous 1-day 
outpatient administration.

It is difficult to assess whether subgroups of pancreatic 
NETs respond differentially due to small numbers, inconsistent 
assessment criteria and variable regimens amongst studies. 
Response rates treating pancreatic islet cell tumors with 5-FU, 
STZ and DOX vary between 40 and 70% [29]. However, in 
another study, none of the 11 patients with gastrinomas 
responded to STZ/5-FU/DOX whilst four of the nine (44%) 
patients with other functioning tumors responded according 
to RECIST criteria [30]. 

The use of chemotherapy in midgut and hindgut NETs has 
a much lower response rate, with <20% of patients benefitting, 
which may only last 6-8 months with STZ/5-FU/DOX, 
cyclophosphamide regimens [31]. A retrospective analysis 
found that temozolomide monotherapy achieved radiological 
response in 14% and stable disease in 53% [32]. It is generally 
well tolerated with minimal side effects including leukopenia, 
nausea and abdominal pain. Another more recent retrospective 
study of temozolomide combined with capecitabine in 30 
chemo-naïve pNETs patients reported an objective radiographic 
response rate of 70% and median PFS of 18 months [33].

Side effects were relatively tolerable, with a grade 3/4 
adverse event rate of only 12%.

Poorly-differentiated or anaplastic NETs are more 
aggressive, and etoposide and cisplatin combinations have 
been used to induce response rates of over 50% albeit with 
short median survival rates and significant toxicity [34].
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Novel therapies

Tyrosine kinase and angiogenesis inhibitors

The tyrosine kinase receptor family comprises around 
20 different classes including platelet-derived growth factor 
receptors (PDGFRs), c-kit and epidermal growth factor 
receptor (EGFR). Targeting PDGFR/c-kit, for example, using 
agents that are used in acute myelogenous leukemia such 
as imatinib mesylate, has been disappointing. Sunitinib, an 
oral tyrosine kinase inhibitor with action against all vascular 
endothelial growth factor (VEGF) receptor (VEGFR), PDGFR, 
stem cell factor receptor and FMS-like tyrosine kinase-3, has 
shown some promise in phaseII studies [35]. One hundred 
and seven patients received sunitinib with 16.7% of pancreatic 
NETs achieving objective response, 68% achieving stable 
disease; median time to progression 7.7 months in pNETs, 
10.2 months in midgut NETs. The recent phase III study of 
sunitinib versus placebo in slowly progressing pNETs was 
halted due to an unplanned early analysis showing significant 
benefit with PFS of 11.4 months with Sunitinib versus 5.5 
months with placebo [36].

Sorafenib, a small molecule inhibitor of Raf kinase, 
VEGFR-2 and PDGFR tyrosine kinase domains, has been 
explored in metastatic NETs with 10% partial response and 
29% minor response in 41 patients. However, 43% in this 
study developed grade 3-4 toxicity [37].

NETs are highly vascular and express VEGF, a promoter 
of angiogenesis. A small phase II study looking at octreotide 
and bevacizumab versus octreotide and PEG-IFN found that 
18% in the bevacizumab arm had partial response and 95% 
PFS at 18 weeks compared with one partial response and 
68% PFS at 18 weeks in the IFN arm [38]. A phase II study 
looking at bevacizumab and temozolomide has also shown 
promising results [39].

Mammalian target of rapamycin (mTOR) inhibitors

mTOR is a threonine kinase and part of the 
phosphatidylinositol-3-kinase/AKT/mTOR pathway, which 
is crucial in regulation of cell survival and proliferation. It also 
mediates signalling downstream to growth factor receptors 
including insulin-like growth factor (IGF) receptor and 
EGFR. It has been shown that mTOR has a role to play in 
islet cell tumors in patients with tuberous sclerosis as well as 
in sporadic NETs [40]. Rapamycin and RAD001, inhibitors 
of mTOR, lead to a decrease in IGF1 and NET cell growth 
in studies on pancreatic neuroendocrine cell lines (BON-1) 
[41]. Thirty-six patients with advanced NETs and evidence 
of progressive disease were treated with the mTOR inhibitor, 
temsirolimus, as a single agent in a phase II study. Disease 
stabilization occurred in 58 cases and partial radiological 
response in two cases (6%) with median time to progression 
of 6 months [42]. This modest effect was balanced by adverse 
events such as fatigue, rash and hyperglycemia experienced 
in a number of patients.

Yao et al published the results of RAD001 in Advanced 
NETs-1 (RADIANT 1), a phase II study evaluating everolimus 
alone versus everolimus and depot octreotide in patients with 
advanced pancreatic NET who had progressed on first-line 
chemotherapy. In the combined treatment arm, 80% achieved 
stable disease and 4.4% partial response with a median PFS 
of 16.7 months [43]. In the arm with everolimus alone, 
partial responses were seen in 9.6% and stable disease in 
67.8%; median PFS of 9.7 months. These promising results 
led to two everolimus trials, RADIANT-2 and RADIANT-3. 
RADIANT-2 was a randomized, double-blind, placebo-
controlled, multicenter, phase III study of octreotide combined 
with everolimus or placebo in patients with advanced NETs. 
The RADIANT 2 trial demonstrated an improvement in PFS 
from 11 months on the placebo arm to 16 months on the 
active treatment arm. 

On central radiologic review, the statistical significance of 
this trial was borderline (P = 0.026) [44]. RADIANT-3 was a 
randomized, double-blind, placebo-controlled, multicenter phase 
III study of everolimus plus best supportive care versus placebo 
and best supportive care in patients with progressive advanced 
pancreatic NETs. Results from the latter have recently been 
published and demonstrated a statistically and clinically significant 
PFS improvement with medians of 11.0 months with RAD001 
(everolimus) compared with 4.6 months with placebo [45].

Conclusions

NETs are increasing in incidence. Perhaps in part the 
increased incidence is due to improvements in diagnostic 
imaging with detection of smaller lesions in addition to 
the incidental diagnosis of asymptomatic cases. However, 
delayed diagnosis is typical (5-7 years on average) mainly in 
“nonfunctional” GEP-NETs, resulting in excessive morbidity 
and mortality and increased probability of metastatic disease. 
Assessment of the location and extent in these heterogeneous 
tumors is crucial for management and it may also provide 
prognostic information. Novel hybrid functional tests may 
improve the diagnosis and extent of GEP-NETs in the near 
future. 

In recent years there has been significant progress in the 
treatment of these tumors. Recently two targeted agents have 
been approved by the FDA for the treatment of progressive 
pNET [46]. Everolimus is an mTOR inhibitor, which inhibits 
cell growth, proliferation, and angiogenesis. Sunitinib is a 
multi-kinase inhibitor thought to have an effect in pNET 
through inhibition of VEGF, which plays a significant role 
in angiogenesis. Furthermore, several other targeted drugs 
are under investigation both in carcinoids and pNETs. 
Thus, the number of therapies against this neoplasms will 
probably increase in the next years. In this era of expanding 
treatment options, understanding how to best sequence and 
combine treatments becomes increasingly important (Fig. 1). 
Future randomized trials comparing various therapies and 
evaluating combination or sequential approaches may help 
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in the development of treatment algorithms. But all this must 
be accompanied by further studies on the molecular biology 
of these tumors which also allows us to individualize optimal 
treatment or sequence of treatment in each case. 
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