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Gastroenteropancreatic neuroendocrine tumours
 Irvin M Modlin, Kjell Oberg, Daniel C Chung, Robert T Jensen, Wouter W de Herder, Rajesh V Thakker, Martyn Caplin, Gianfranco Delle Fave, 
Greg A Kaltsas, Eric P Krenning, Steven F Moss, Ola Nilsson, Guido Rindi, Ramon Salazar, Philippe Ruszniewski, Anders Sundin

Gastroenteropancreatic (GEP) neuroendocrine tumours (NETs) are fairly rare neoplasms that present many clinical 
challenges. They secrete peptides and neuroamines that cause distinct clinical syndromes, including carcinoid 
syndrome. However, many are clinically silent until late presentation with mass eff ects. Investigation and management 
should be highly individualised for a patient, taking into consideration the likely natural history of the tumour and 
general health of the patient. Management strategies include surgery for cure (which is achieved rarely) or for 
cytoreduction, radiological intervention (by chemoembolisation and radiofrequency ablation), chemotherapy, and 
somatostatin analogues to control symptoms that result from release of peptides and neuroamines. New biological 
agents and somatostatin-tagged radionuclides are under investigation. The complexity, heterogeneity, and rarity of 
GEP NETs have contributed to a paucity of relevant randomised trials and little or no survival increase over the past 
30 years. To improve outcome from GEP NETs, a better understanding of their biology is needed, with emphasis on 
molecular genetics and disease modeling. More-reliable serum markers, better tumour localisation and identifi cation 
of small lesions, and histological grading systems and classifi cations with prognostic application are needed. 
Comparison between treatments is currently very diffi  cult. Progress is unlikely to occur without development of 
centers of excellence, with dedicated combined clinical teams to coordinate multicentre studies, maintain clinical and 
tissue databases, and refi ne molecularly targeted therapeutics.

Introduction
Although neuroendocrine tumours (NETs) have been 
regarded as fairly rare diseases, the US Surveillance 
Epidemiology and End Results (SEER) database suggests 
that their prevalence has increased substantially over 
the past three decades as awareness and diagnostic 
techniques have improved. However, analyses of UK and 
US databases also suggest no improvement in outcome 
over a similar period. On the basis of this database 
information, the US National Cancer Institute and US 
congressional committee for the National Institutes of 
Health appropriations have elevated NET disease and 
carcinoid tumours to number two in the priority for 
funding, after autism. Furthermore, the National Cancer 
Institute has mandated a summit conference to add ress 
the current status of the disease and to give recom-
mendations for development of strategies for early 
diagnosis, identifi cation of new targets, and eff ective 
management. Here, we review NETs from a biological 
and clinical perspective, and we give recommendations 
that take into account current scientifi c and clinical 
limitations that need to be addressed to facilitate 
improvement in management and outcome.

Nomenclature
Tumours that are derived from the diff use neuroendocrine 
system of the gastrointestinal tract and pancreas are fairly 
rare. They share some common clinical features, 
frequently have unpredictable and unusual biological 
behaviour, and frequently present late after delayed 
diagnosis. Targeted treatment is limited and management 
challenging because little is known about the cell biology 
and mechanistic regulation of these tumours.1 

The understanding of gastroenteropancreatic (GEP) 
NETs has remained rudimentary since Siegfried 
Oberndorfer in 1907 fi rst commented on tumours of the 

small intestine and coined the term karzinoide (carcinoid, 
or cancer-like; fi gure 1).2 Most GEP NETs arise from the 
gut or bronchopulmonary system, and these endocrine 
tumours are commonly called carcinoid tumours. 
Carcinoid is also a generic term for a characteristic 
syndrome that results from the intermittent release of 
bioactive amines into the systemic circulation that occurs 
in a few patients with GEP NET. Substantial confusion 
over the terminology for GEP NETs (such as their former 
classifi cation as APUDomas) refl ects past debate over the 
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Figure 1: Siegfried Oberndorfer fi rst described and depicted carcinoid tumors 
in 1907 
He initially considered them benign and “carcinoma-like”, before detailing their 
malignant behaviour in 1929.
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origins of gut neuroendocrine cells.3 Greater appreciation 
of the origins, heterogeneity, and molecular signatures of 
GEP NETs—and the various bioactive products they 
secrete—has given better insight into their biological and 
clinical heterogeneity. 

Epidemiology
GEP NETs are substantially rarer than adenocarcinomas; 
incidence is about 2·5 to 5 cases per 100 000.4 About 
0·46% of all malignant diseases are so-called carcinoid 
tumours of bronchopulmonary or gastrointestinal  
origin.4 The incidence and prevalence of carcinoid 
tumours has increased substantially (fi gure 2), which 
may partly refl ect increased diagnosis of benign and 
incidentally identifi ed lesions due to increased availability 
of advanced endoscopic and radiological imaging. 
Clinical behaviour of GEP NETs varies strikingly, both in 
terms of symptoms and outcome. For example, overall 
5-year survival for pancreatic NETs varies from 97% for 
benign insulinomas to 30% for those that are 
non-functioning and clinically silent.6 These data 
necessitate reconsideration of the idea that GEP NETs 
are slow growing, fairly benign lesions.

Although some specialist centres report increased 
survival over time for GEP NETs, the SEER database 
(which refl ects the standard of care for the average US 
individual) shows that the age-adjusted incidence of 
carcinoids of the small intestine and digestive system has 
increased by 460% and 720%, respectively, over 30 years. 
Furthermore, SEER shows increased prevalence over this 
period in white people (274%) and in black people (500%; 
213% for men of all ethnicities and 286% for women of 
all ethnicities), an overall increase of 2·4-times in white 
people and four-times in black people. Although overall 
5-year survival for carcinoid tumours of the small 

intestine is about 60%, this proportion has not changed 
substantially since 1973 (fi gure 3). This fi nding is 
disappointing and worthy of further investigation, and 
might be explained at least in part by a substantial lack of 
funding for this tumour type (fi gure 4).4

Cell biology of gut neuroendocrine cells
Neuroendocrine cells occur throughout the length of the 
gut, and are the largest group of hormone-producing cells 
in the body (table 1).8 They derive from local multipotent 
gastrointestinal stem cells, rather than by migration from 
the neural crest as fi rst thought.3 The mechanisms that 
underlie diff erentiation of cells of the diff use endocrine-cell 
system are poorly understood. Transcription factors with 
a role in neuroendocrine-cell diff erentiation include 
protein atonal homolog 1 and neurogenin-3 (which also 
play a part in the diff erentiation of other granulocytic 
lineages), and neuroD. Loss-of-function mutations in 
neurogenin-3 in patients with congenital malabsorptive 
diarrhoea exemplify the importance of neurogenin-3 for 
enteroendocrine cell specifi cation: mutant neurogenin-3 
in these patients failed to promote neuroD transcription, 
resulting in specifi c loss of intestinal enteroendocrine 
cells.9 At least 13 gut neuroendocrine cells exist, all of 
which produce various bioactive peptides or amines 
including serotonin, somatostatin, histamine, and gastrin 
(table 1). Secretory products are stored in large dense-core 
vesicles and small synaptic-like vesicles, and proteins of 
these vesicles (eg, chromogranin-A and synaptophysin) 
are markers of neuroendocrine cells.10

Secretion is regulated by G-protein-coupled receptors, 
ion-gated receptors, and receptors with tyrosine-kinase 
activity. Peptide hormones for regulated secretion are 
packaged into secretory granules (large dense-core 
secretory granules) that bud from the trans-Golgi network 
where prohormones and proneuropeptides are stored 
and processed before regulated secretion. Chromo-
granin-A regulates the biogenesis of dense-core secretory 
granules. Other granins (eg, chromogranin-B) regulate 
proteolytic processing of peptide precursors and promote 
aggregation-mediated sorting into mature secretory 
granules, enabling granules to mature into regulatable 
exocytotic carriers. Secretagogue-evoked stimulation 
induces actin reorganisation through sequential ordering 
of carrier proteins at the interface between granules and 
the plasma membrane. This calcium-dependent step is a 
prerequisite for regulated exocytosis, and it allows 
granule membrane traffi  cking and release of 
neuroendocrine contents.

Enterochromaffi  n cells are the major neuroendocrine 
cell type of the small intestine. They secrete various 
products in response to mechanical and chemical stimuli 
(table 1). Activating pathways for secretion of bioactive 
products include adenylyl cyclase, β-adrenoreceptors, 
and pituitary adenylate cyclase-activating polypeptide, 
whereas somatostatin (via somatostatin receptor 2), 
acetylcholine (via muscarinic M4 receptors), and 
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Figure 2: Increased incidence of carcinoid tumours, US population 1973–2005 
Overall increase recorded for all primary sites during this period. Data from SEER database, US National Cancer 
Institute.5
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gamma-aminobutyric acid (via gamma-aminobutyric 
acid A receptors) inhibit secretion.11 Several receptor 
subtypes (1–7) for serotonin mediate its eff ects 
(eg, proliferation of epithelial cells and contraction of 
intestinal smooth muscle). Rapid inactivation of serotonin 
is crucial to limit its actions, which is achieved by uptake 
into neighbouring enterocytes and reuptake into 
enterochromaffi  n cells,11 followed by intracellular 
conversion to 5-hydroxyindoleacetic acid by monoamine 
oxidase type A. 

 The apical part of the neuroendocrine cell frequently 
communicates with the gut through thin cytoplasmic 
extensions, which act as mechanosensors and chemo-
sensors that project into the glandular lumen. The size, 
shape, and electron density of the secretory granules vary, 
representing important means for characterising diff er-
ent neuroendocrine cell types. Generally, diff erent 
granules store individual peptide hormones; however, in 
some neuroendocrine cells, several diff erent peptides or 
amines may colocalise in the same granule.12

Enterochromaffi  n-like cells of the gastric fundus are 
part of the gastric neuroendocrine cell system and 
interact with antral G cells, which secrete gastrin and 
activate enterochromaffi  n-like cells to produce histamine 
which in turn drives the parietal cells of the fundus to 
produce acid. Loss of parietal cells (eg, in atrophic 
gastritis) or acid suppression can lead to increased gastrin 
secretion, proliferation of enterochromaffi  n-like cells, 
and neoplasia (ie, gastric carcinoids).13

Animal studies and cell lines
Animals that develop NETs and cell lines derived from 
human NETs might give insight into the pathogenesis of 
human GEP NET disease and enable rational development 
of molecularly targeted therapies, particularly if molecular 
pathogenesis in animals or cell lines mimics that of 
human GEP NETs. To date, preclinical fi ndings have not 
successfully translated to the clinic, and most studies 
have had substantial limitations. 

For example, expression of simian virus 40 (SV40) 
T antigen under the control of the insulin gene promoter 
results in pancreatic islet-cell tumours in mice,14 but this 
model has limited clinical relevance because this antigen 
is not a driving force in human NETs. Mice with 
constitutively active cyclin-dependent kinase 4,15 and 
double p18 and p27 knockout mice,16 show NET 
phenotypes, suggesting cell-cycle dysregulation in 
human NET disease. Pancreatic neuroendocrine 
carcinomas have been induced in transgenic zebrafi sh 
that express N-myc.17 Although there are several mouse 
models for pancreatic NETs, there are few for 
gastrointestinal carcinoids. Two small rodent species, 
Mastomys natalensis and the cotton rat, develop gastric 
carcinoids spontaneously—a propensity that can be 
accentuated substantially by acid suppression or elevation 
of plasma gastrin.18,19 However, the use of these animals is 
limited by poor understanding of their genomes. 

A fi nding that is more relevant to the molecular 
pathogenesis of GEP NETs in humans is that mice with 
targeted deletion of the menin gene show key features of 
human multiple endocrine neoplasia 1 (MEN1) syndrome, 
which is caused by germline menin mutations.20–22 
Therefore, these mice are important physiological models 
of pancreatic NETs. 

A scarcity of cultured human neuroendocrine cell lines 
has hindered the development of xenografts for 
therapeutic testing and modeling of clinical phenotypes. 
Two cell lines frequently used are BON1, derived from 
human pancreatic carcinoid,23 and GOT1, derived from 
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liver metastasis of a human midgut carcinoid.11,24 However, 
BON1 is not a pure neuroendocrine cell line and has 
probably acquired additional mutations in vitro, and 
GOT1 is maintained as a mouse xenograft. Of considerable 
interest is the recent characterisation of a pure human 
ileal carcinoid enterochromaffi  n cell line.11 Establishment 
of a core cell-culture facility in a medical centre with high 
surgical volume may aid xenograft development. 

Molecular genetics
Studies have shown that the development of foregut, 
midgut, and hindgut NETs might involve diff erent genes 
that are associated with distinct abnormalities, including 
point mutations, deletions, methylation, and chromo-
somal losses and gains.25–27

Foregut NETs have frequent deletions and mutations 
of the menin gene, encoding a protein of 610 aminoacids. 
Menin mutations cause most cases of MEN1 and a small 
proportion of sporadic foregut and non-gastrointestinal 
endocrine tumours. Menin is mainly a nuclear protein, 
but in dividing cells it interacts in the cytoplasm with 
several proteins that control transcription regulation, 
genome stability, and cell division.28 Despite extensive 
information about menin, the genes involved in 
neuroendocrine tumorigenesis and the cellular roles of 
their proteins in proliferation or apoptotic pathways 
remain unknown. By contrast, hindgut NETs express 
transforming growth factor alpha and epidermal growth 
factor receptor.29

Given the emergence of functional genomics, 
expression profi ling, and proteomics, both animal and 

cellular models are necessary to investigate the molecular 
and genetic biology of NETs.

Pathology
The 2000 WHO classifi cation of endocrine tumours30 
clearly defi ned NET phenotypes by degree of 
diff erentiation, with specifi c related clinicopathological 
features according to tumour site of origin. Although this 
framework is helpful—especially for stomach, pancreatic, 
and duodenal tumours30,31—defi nitions of hyperplastic 
and dysplastic lesions and associated prognostic features 
are absent for the ileum and colon, and lesions of 
uncertain behaviour are poorly defi ned. 

Furthermore, there is absence of uniformity and 
reproducibility of diagnosis between pathologists and 
institutions, mainly due to lack of adherence to the WHO 
classifi cation (perhaps because it does not have a reliable 
and reproducible grading system). 

Development of improved markers for individual 
stages of GEP NET tumorigenesis is needed to identify 
specifi c tissue or organ markers, and to integrate these 
markers with standard histological features. Such 
development might be achieved through emerging 
genomic and proteomic analyses.

Clinical presentation
GEP NETs are fairly rare: diagnosis needs a high index of 
suspicion. These tumours synthesise, store, and secrete 
various peptides and neuroamines that might produce 
distinct syndromes.26,32 Most GEP NETs are sporadic, but 
they can be multiple and part of a familial syndrome 
such as MEN1, von Hippel-Lindau syndrome, and 
neurofi bromatosis type 1. 

Clinical presentation depends on the site of the primary 
tumour and whether they are so-called functioning 
tumours—ie, whether the peptides secreted produce 
symptoms. Most GEP-NETs are non-functioning and 
present fairly late, with symptoms of mass eff ects or distant 
(usually hepatic) metastases, or both.26,32 Although 
functioning tumours cause distinct clinical syndromes, 
individual symptoms are commonly mundane or not 
recognised as a complex. Delayed diagnosis is typical 
(5–7 years on average), increasing the probability of 
metastatic disease.

Gastric carcinoids are typically multiple, small, localised 
tumours associated with hypergastrinaemia, either 
secondary to chronic atrophic gastritis (type 1) or as part of 
Zollinger-Ellison syndrome (type 2). These tumours are 
benign or have low malignant behaviour; less than 2–5% 
metastasise. By contrast, large solitary gastric carcinoids 
(type 3) are not associated with hypergastrinaemia and 
commonly metastasise.26,32 Most duodenal NETs are 
gastrin-secreting, causing Zollinger-Ellison syndrome and 
occurring in patients with MEN1.32

Carcinoid tumours derive from enterochromaffi  n cells 
of the diff use neuroendocrine system and are mostly 
non-functioning.26 The small intestine and appendix are 

Cell type Localisation Products Factors that regulate 
secretion

D Gastrointestinal tract Somatostatin Hormones, neural factors, 
and acid

Enterochromaffi  n Gastrointestinal tract Serotonin, substance P, guanylin, 
and melatonin

Luminal factors, hormones, 
and neural factors

Enterochromaffi  n-
like

Stomach Histamine Hormones, gastrin, and 
neural factors

G Stomach and 
duodenum

Gastrin Amino acids, neural factors, 
and acid

Gr Gastrointestinal tract Ghrelin Luminal factors and 
hormones

I Duodenum Cholecystokinin, gastrin, etc Lipids and neural factors

K Duodenum and 
jejunum

Gastric inhibitory polypeptide Nutrients and hormones

L Small intestine Glucagon-like peptide, peptide YY, 
and neuropeptide Y

Glucose and hormones

Motilin Duodenum Motilin Neural factors and luminal 
factors

N Small intestine Neurotensin Lipids

S Duodenum Secretin Acid

VIP Gastrointestinal tract Vasoactive intestinal peptide Neural

X Stomach Amylin Not defi ned

Table 1: Types of gastrointestinal neuroendocrine cells and luminal, paracrine, neural, and hormonal 
factors that regulate secretion of their bioactive products
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the commonest primary sites. Appendiceal carcinoids are 
usually small (ie, confi ned to the appendix) and identifi ed 
incidentally during unrelated surgery or during acute 
appendicitis. Colon carcinoids are large tumours and have 
the poorest prognosis of all GEP NETs; patients commonly 
present with liver metastases. Rectal carcinoids are usually 
diagnosed incidentally during colonoscopy and are 
typically small, localised, non-functioning tumours that 
rarely metastasise (perhaps because of early detection).26,32 

Most pancreatic NETs are large, up to 40% are 
non-functioning, and about 50% have hepatic metastases 
at diagnosis.32,33 Functioning pancreatic NETs might 
secrete several peptide hormones and lead to diverse 
symptomatology. Insulinomas are typically small benign, 
functioning tumours, and patients present with 
hypoglycaemia.6,32 Pancreatic gastrinomas are less 
common than duodenal gastrinomas, but are usually 
malignant; about 25% are associated with MEN1.6,32 
Glucagonomas, which cause diabetes and a characteristic 
rash (necrolytic migratory erythema), and VIPomas, 
which are associated with severe diarrhoea, are large 
tumours with metastases when diagnosed.32 Other rare 
functioning tumours that secrete adrenocorticotropic 
hormone, growth hormone releasing hormone, 
parathyroid hormone-related protein, and somatostatin 
have been reported.32 They may be diffi  cult to diagnose 
because of intermittent peptide release, unusual 
symptoms, and fl uctuating plasma hormone levels.6,32 

Carcinoid tumours that originate in the distal jejunum 
and ileum commonly metastasise to the liver. Tumour 
size is an unreliable predictor of metastatic potential, and 
metastases can occur with primary tumours that are 
smaller than 1 cm in diameter. Typical carcinoid 
syndrome occurs in about 18% of patients with jejuno-ileal 
enterochromaffi  n tumours and is evident on identifi cation 
of liver metastases. In the presence of liver metastases, 
serotonin, tachykinins, and other bioactive substances 
can reach the systemic circulation and cause carcinoid 
syndrome, characterised by cutaneous fl ushing, 
diarrhoea, and abdominal pain.26,32 Moreover, liver 
involvement from metastatic disease might cause 
symptoms related to tumour bulk and capsular invasion. 

A distinct feature of enterochromaffi  n tumours is their 
propensity to cause extensive mesenteric fi brosis and, 
occasionally, mesenteric ischaemia. Fibrosis might 
involve the endocardium of the right side of the heart 
and the tricuspid and pulmonary valves, with impairment 
of cardiac function. 10–20% of patients with carcinoid 
syndrome have heart disease at presentation. Treatment 
options for these patients include balloon valvuloplasty 
and bioprosthetic valve replacement, which can increase 
survival signifi cantly.34

Biochemical and tissue markers
Diagnosis of NETs is based on clinical presentation, 
hormone assays, and pathology. Some biochemical 
markers that are identifi able in body fl uids suggest 

specifi c tumours, whereas others are common to several 
GEP NET types (table 2).32,33 Correlation of serum markers 
with symptomatology and lesion location is important to 
facilitate accurate diagnosis.

For carcinoid tumours of the gastrointestinal tract, the 
breakdown product of serotonin, 5-hydroxyindoleacetic 
acid, can be measured in a urine sample obtained over 
24 h; food and drug restrictions are necessary for 
standardisation. For pancreatic NETs, serum markers 
relate to specifi c clinical syndromes. For insulinomas, 
these markers include insulin and proinsulin C-peptide 
(table 2); fasting for 24–72 h can increase the sensitivity 
of these markers, but might provoke severe hypo-
glycaemia. Plasma gastrin levels are elevated in most 
gastrinomas, and the sensitivity of this measurement can 
be increased by secretin or infusion of calcium.35

Markers common to many types of GEP NETs include 
chromogranin-A—a soluble secretory glycoprotein 
normally contained in neuroendocrine cell vesicles 
(table 2). Plasma assays for intact chromogranin-A and 
cleavage products released by specifi c NETs are available. 
Levels of circulating chromogranin-A are increased in 
60–80% of GEP NETs and are especially useful in the 
diagnosis of non-functioning tumours. However, 
increased levels of this marker also occur with renal 
failure and with hyperplasia of enterochromaffi  n-like 
cells caused by proton-pump inhibitors and chronic 
atrophic gastritis.32,33,36 

Other serum markers that are frequently elevated in 
NETs include neuron-specifi c enolase and chorionic 
gonadotropin (the latter can suggest a more-malignant 
phenotype).32,33 Pancreatic polypeptide, which is produced 
by normal pancreatic islets, by pancreatic NETs, and 

Serum markers Specifi city

General diagnostic use

Various Chromogranin-A, chromogranin-B High

Pancreatic polypeptide, neuron-specifi c enolase Intermediate

Choriogonadotropin α chain, choriogonadotropin β chain Low

Specifi c diagnostic use

Thymus Adrenocorticotropic hormone Intermediate

Bronchus Adrenocorticotropic hormone, antidiuretic hormone, serotonin (urinary 5-
hydroxyindoleacetic acid) 

Intermediate

Histamine (U-methylimidazole acetic acid), gastrin-releasing peptide, growth 
hormone releasing hormone, vasoactive intestinal peptide, parathyroid 
hormone related protein

Low

Stomach Histamine, gastrin High

Ghrelin Low

Pancreas Gastrin, insulin, pro-insulin, glucagon, somatostatin High

Proinsulin C-peptide, neurotensin, vasoactive intestinal peptide, parathyroid 
hormone related protein, calcitonin

Intermediate

Duodenum Somatostatin, gastrin High

Ileum Serotonin (urinary 5-hydroxyindoleacetic acid), High

Neurokinin A, neuropeptide K, substance P Intermediate

Colorectum Peptide YY, somatostatin Intermediate

Table 2: Serum markers with diagnostic and prognostic use in GEP-NET
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sometimes by gastrointestinal carcinoids, is raised in 
40–80% of pancreatic tumours. Adrenomedullin, a 
polypeptide hormone involved in angiogenesis, has some 
prognostic use in neuroendocrine carcinomas.37,38

Useful immunohistochemical tumour-tissue markers 
include many serum peptides and others that can be 
identifi ed only in the tumour (eg, synaptophysin and the 
related markers synaptic vesicle glycoprotein 2 and 
synaptobrevin 1, neural cell adhesion molecule 1, CDX2, 
transcription termination factor 1, and peptide-hormone 
receptors; table 3).37 The proliferation marker KI-67 
antigen helps determine tumour grade and prognosis. 
Synaptophysin, an integral membrane glycoprotein found 
in presynaptic neuronal vesicles and in the small clear 
vesicles of normal and neoplastic neuroendocrine cells, is 
expressed independently of other neuroendocrine 
markers in poorly diff erentiated NETs. Neural cell 
adhesion molecule 1, a cell-surface glycoprotein neural-cell 
adhesion molecule, is expressed by neuronal cells and 
NETs. The transcription factor CDX2, which regulates 
intestine development, is a reliable marker of gut 
enterochromaffi  n-cell NETs, and transcription termination 
factor 1, which activates surfactant production in the lung, 
is a marker for aggressive pulmonary NETs.39

Although NET markers exist, sensitive and specifi c 
markers that predict tumour growth and behaviour are 
absent. Ideally, such markers should be able to detect 
lesions of fewer than 1 million cells and circulating 
tumour cells. Studies that use proteomics and tissue 
arrays are needed to develop new sensitive biochemical 
and tissue markers. 

Topographic diagnosis
Assessment of the location and extent of GEP NETs is 
crucial for management. Commonly used imaging moda-
lities include: conventional radiology (ie, transabdominal 
ultrasonography, CT, and MRI); selective angiography, 
with or without hormonal sampling; nuclear imaging 
(eg, somatostatin-receptor scintigraphy [SRS] with single 
photon emission CT [SPECT], and bone scanning); 

endoscopic ultrasonography; and various intraoperative 
methods (fi gure 5). No technique is 100% sensitive, and 
multiple imaging modalities might be needed to detect 
small, biochemically diagnosed tumours. Several new 
modalities to increase sensitivity for identifi cation of 
micrometastasis while retaining specifi city are under 
assessment.

At present, the primary tumour is not localised in 
20–50% of GEP NETs; gastrinomas and carcinoids of 
the small intestine are particularly elusive. Conventional 
imaging for pancreatic NETs localises only 10–60% of 
primary tumours. Generally, detection frequency for 
MRI or CT is about 22–45%, which is higher than ultra-
sonography (13–27% detection frequency).40 Angio-
graphy locates about 40–75% of lesions, and SRS has a 
sensitivity of 57–77% for non-insulinomas and 25% for 
insulinomas. Endoscopic ultrasonography can detect 
45–60% of duodenal lesions and 90–100% of pancreatic 
lesions;41 assessment of hormonal gradients during 
angiography is 80–100% sensitive.42,43 For identifi cation 
of hepatic metastases, SRS is the most-sensitive 
modality (81–96%, compared with 50–90% for 
angiography, 55–70% for MRI, and 14–63% for 
ultrasonography).42,43 All modalities can frequently miss 
small liver metastases (ie, tumours <0·5 cm in 
diameter), underestimating true disease extent. 
The sensitivity of scintigraphy by use of 
meta-iodobenzylguanidine (MIBG) is inferior to SRS.42 
An important limitation of all available imaging 
modalities is that they give little prognostic information. 
Overall, a higher tumour burden and negative SRS scan 
are associated with a worse prognosis.

The recent introduction of SPECT–CT and PET–CT 
hybrid systems gives fusion images to correlate anato-
mical location with function. PET with 18-fl uoro-
deoxyglucose ([¹⁸F]FDG) is not useful for NETs, except 
for highly aggressive tumours.44 NETs take up 
de carboxylate amine precursors, and thus 
carbon-11 [¹¹C]-labelled and ¹⁸F-labelled amine 
precursors such as serotonin and levodopa can be 

Role Use Sensitivity

Chromogranin-A, synaptophysin, neuron-specifi c enolase Histopathological 
identifi cation and classifi cation

Identifi cation of neuroendocrine neoplasia High

KI-67 antigen Proliferation index Assessment of rate of cell proliferation High

Protein families of: transforming growth factor α; 
transforming growth factor β; vascular endothelial growth 
factor; and epidermal growth factor

Growth factors and regulators 
of proliferation

Assessment of regulatory mechanisms and potential 
targets of novel therapeutic agents

Intermediate

Receptors for: somatostatin (subtypes 1–5); cholecystokinin; 
vasoactive intestinal peptide; pituitary adenylate cyclase-
activating polypeptide; tachykinin; serotonin; and dopamine

Hormone receptors Assessment of receptor-specifi c treatment; for somatostatin, 
assessment of therapeutic eff ectiveness with somatostatin 
analogues (either cold or radioisotopically labelled)

Somatostatin receptors: high; 
serotonin receptors: intermediate; 
other receptors: low to unproven

AF-10, insulin-like growth factor binding protein 3, P21 
(cyclin-dependent kinase inhibitor 1), P27, CD99 antigen, 
transcription factor jun-D

Oncoproteins or cell-cycle 
control proteins

Indicators of proliferation and potential for aggressive 
behaviour and metastasis 

Low to unproven

Neural cell adhesion molecule 1, CDX2, transcription 
termination factor 1, synaptic vesicle glycoprotein

Regulators of cell function Indicators of neuroendocrine diff erentiation and potential 
for aggressive behaviour

Low to unproven

Table 3: Tissue markers with diagnostic and prognostic use in GEP-NET
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used.45,46 In carcinoid tumours, PET with [¹⁸F]levodopa 
performs better than does SRS, with the reverse 
situation for non-carcinoid NETs.46 PET with 
[¹¹C]serotonin is more eff ective than CT and SRS, gives 
complementary diagnostic information about small 
tumours, detects possible recurrences, and visualises 
occult tumours.47 Gallium-68 [⁶⁸Ga] is a generator-
produced positron emitter that does not need an 
in-house cyclotron. Current data suggest that PET with 
[⁶⁸Ga-DOTA]-D-Phe(1)-Tyr(3)-octreotide eff ectively iden-
ti fi es metastatic NETs;48 however, [⁶⁸Ga] generators are 
not widely available. Moreover, PET can be done 1 h 
after injection of a [⁶⁸Ga]-labelled somatostatin analogue 
compared with 24–48 h for SRS, and spatial resolution 
of PET is better than with SRS-SPECT.

Technical developments in ultrasonography with 
intravenous contrast media have facilitated the 
characterisation and detection of liver metastases 
and primary pancreatic NETs.49 Dynamic examination 
allows assessment of the temporal and spatial 
contrast-enhancement pattern in the tumour in arterial, 
venous, and late phases. Liver metastases as small as 
3 mm in diameter might be detected and equivocal 
fi ndings characterised. Dynamic MRI with new contrast 
agents such as ultrasmall superparamagnetic iron oxide 
can analyse early perfusion and late reticuloendothelial 
uptake, and can assess lymph nodes, leading to improved 
detection of metastasis.50 Molecular MRI with antibodies 
or gadolinium-labelled peptides can detect receptors on 
tumours and identify specifi c tumoral antigens such as 
ERBB2, which might give prognostic information.51 

Furthermore, molecular MRI might enable assessment 
of the effi  cacy of antitumour agents.52 However, neither 
contrast-enhanced ultrasonography nor dynamic MRI 
has been assessed in the setting of NETs. Video capsules 
and small-bowel endoscopy can identify primary NETs of 
the small intestine and are useful in patients with 
metastatic disease from unknown primaries after CT and 
enteroclysis studies.53 An endoscopic strategy that uses 
double-balloon enteroscopy, although more invasive, has 
potential.54

Treatment
Treatment should be highly individualised based on the 
diverse range of tumour burden and symptoms. The best 
therapeutic choice for individual patients will depend on 
whether the main aim of treatment is to slow tumour 
growth or ameliorate symptoms by inhibition of the 
secretion of bioactive agents. Critical assessment of every 
treatment option is diffi  cult because of the limited 
number of patients in a centre and the inability to classify 
accurately a heterogeneous group of lesions.

Furthermore, there are no clearly defi ned measures to 
predict which tumours will respond to a particular 
modality or to assess rigorously therapeutic effi  cacy. 
Management algorithms have been proposed for several 
GEP NETs,55 but their assessment will take at least 5 years. 

Establishment of regional centres for disease manage-
ment, multicentre studies that assess prospective 
translational endpoints, and blood and tissue banking 
are needed to address therapeutic strategies. 

Surgery
Surgery is essential in many phases of GEP NET 
management, and in those with limited disease remains 
the primary method of cure.6,26,56 For patients with advanced 
disease, cytoreductive surgery is recommended for 
palliation and increased survival; however data for these 
recommendations are not robust and need multicentre 
prospective assessment.56,57 For those with unresectable 
disease, surgery can obviate bowel obstruction from 
small-bowel carcinoid fi brosis,58 and extensive surgery can 
be done with acceptable morbidity and mortality (range 
0–5%).59

The main limitation of surgery is that more than 80% 
of patients have liver or lymph-node metastases, or both; 
contemporary methods before or during surgery that 
give information about micrometastases or localised 
metastases smaller than 0·5 cm in diameter are 
inadequate. Intraoperative radionuclide detection after 
SRS is not useful, particularly in the upper abdomen, 
because of the high background radiation count and lack 
of collimators with adequate discriminatory capability. 
These issues frequently render decisions about the extent 
of surgery arbitrary. 

Insulinomas
90–100% of patients have enucleation and occasionally 
resection, and 85–95% are cured. More than 99% of 
insulinomas are intrapancreatic and therefore a thorough 
search of the pancreas with intraoperative ultrasonography 
is recommended.56

Gastrinomas
45–65% of patients are disease-free after surgery, and 
35% remain so at 5 years. 60–80% of tumours are 
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duodenal and therefore routine duodenotomy and 
duodenal transillumination are important.60 Duodenal 
lesions are characteristically small (ie, <0·1 cm in 
diameter) and not usually detected on imaging. Standard 
surgery is enucleation or local resection.61

Other pancreatic NETs and carcinoids of the small bowel and colon
Most patients present with extensive metastatic disease, 
limiting the likelihood of curative surgery; however, 
resection to avoid obstruction or bleeding may benefi t 
patients.6

Primary gastrointestinal carcinoids
Many of these tumours of the stomach, duodenum, or 
rectum are smaller than 1 cm in diameter and can be 
cured endoscopically if they are uninvasive. Otherwise, 
en bloc resection is needed.26

Liver metastases
Hepatic spread occurs in 50–75% of small-bowel 
carcinoids, 5–70% of foregut carcinoids, and 14% of 
hindgut carcinoids.4,6 30–85% of pancreatic NETs have 
hepatic metastasis6 and are potentially completely 
resectable in only 7–15% of patients.59 The presence of 
liver metastases worsens surgical outcome. Enucleation, 
or extensive hepatic resections with or without ablations 
are usually needed, but less than 15% of patients are 
cured. In rare individuals, such as young patients with 
metastatic NETs limited to the liver, liver transplantation 
might be necessary for cure.62

Improved outcomes
Two main goals need to be accomplished to improve 
surgical outcomes. First, to individualise surgical 
approach, methods are needed to determine precisely 
the tumour extent (eg, presence of micrometastases, 

regional lymph-node involvement, or distant metastases) 
and the tumoral prognostic factors before and during 
surgery. Intraoperative hand-held radiation detectors to 
image micrometastases by use of labelled monoclonal 
antibodies or other tumour-specifi c molecules is available 
for other cancer types.63 Detection of photofors or 
sensitisers that specifi cally target neoplastic lesions 
might be possible intraoperatively, but these approaches 
need development of probes that are specifi c for NET 
antigens. Second, there is a need to develop methods to 
reduce the burden of liver metastases to enable 
all patients to become candidates for cytoreductive 
surgery. 

Interventional radiology
Most liver metastases from NETs are hypervascular, and 
embolisation of the hepatic artery by particles or cytotoxic 
agents eff ectively generates necrosis. Combination of 
cytotoxic agents with 10 mL iodised oil can be injected 
into the branches of the hepatic artery distal to the 
gastroduodenal artery. Embolisation with gelatine sponge 
particles or microspheres is used until evidence of a 
marked decrease in blood fl ow. However, randomised 
controlled trials that compare the benefi ts and risks of 
mechanical embolisation with that by cytotoxic agents 
are lacking. 

Contraindications for embolisation are complete 
portal-vein thrombosis, liver insuffi  ciency, and previous 
Whipple procedure. Concomitant antibiotics and 
somatostatin analogues are used to avert a carcinoid 
crisis and diminish the possibility of hepatic abscess. 
Although chemoembolisation with doxorubicin, 
streptozocin, mitomycin, and fl uorouracil has been 
used for 15 years, there are no randomised studies of 
this technique.64 Long-lasting complete or partial 
clinical responses (ie, improved symptoms or 
performance status) have been noted in about 80% of 
patients given chemoembolisation. Median time to 
progression is about 15 months; 5-year survival is about 
50%. Adverse events include a postembolisation 
syndrome of pain, fever, and elevated liver enzymes, 
which occurs in 90% of patients. Severe events, 
including acute liver or renal failure, carcinoid crisis, 
cholecystitis, or bleeding peptic ulcers, occur in about 
10% of patients;65,66 treatment-related deaths are very 
rare.

Whether chemotherapy given with embolisation has 
an advantage over embolisation alone is unclear. 
Particles or spheres that contain the cytotoxic drug 
might facilitate an all-in-one procedure. Moreover, 
radionuclide-labelled microspheres or coupling of 
embolisation with radioactive somatostatin analogues 
might improve outcome. In patients with large tumours 
(ie, more than >3 cm in diameter), radiofrequency 
ablation in conjunction with chemoembolisation might 
be more eff ective than chemoembolisation alone. 
However, the role of radiofrequency ablation in the 
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overall management of NET disease remains poorly 
defi ned.67 The use of large so-called umbrella 
radiofrequency ablation tips for large tumours up to 
5 cm in diameter, and the combination of radiofrequency 
ablation with intratumoral injection of cytotoxic agents, 
antiangiogenic agents, or alcohol, might further aid 
tumour destruction. 

Medical treatment
The aims of medical treatment can be defi ned broadly as 
amelioration of symptoms and suppression of tumour 
growth and spread. Symptom relief can be achieved with 
somatostatin analogues. However, various chemo-
therapeutic agents alone or in combination have been 
fairly ineff ective for suppression of tumour growth and 
spread (fi gure 6).

Somatostatin analogues and interferon
Somatostatin analogues remain the mainstay of 
symptomatic treatment for GEP NETs. To date, the most 
eff ective formulations include lanreotide autogel (60 mg, 
90 mg, or 120 mg) and long-acting octreotide (10 mg, 
20 mg, or 30 mg), which are widely accepted as eff ective in 
controlling tumour-related symptoms in about 75% of 
patients and in reducing serum concentration of tumour 
markers. These drugs are well tolerated and safe, with mild 
adverse eff ects and high tolerability after sustained use. 
Their eff ects on tumour growth are limited: less than 5% 
of patients have objective radiological tumour regression, 
although about 50% of patients have stabilisation of 
tumour size.68,69

Interferon has a high response frequency in terms of 
symptomatic and biological response (about 80% of 
patients), but has substantial concomitant adverse eff ects. 
There is no evidence that addition of interferon to 
somatostatin analogues increases tumour response. 

However, this combination leads to a signifi cantly lower 
risk of progressive disease compared with somatostatin 
analogues alone, and has a higher median survival (51 vs 
35 months).70

Chemotherapy
Cytotoxics are regarded the fi rst-line treatment for poorly 
diff erentiated or rapidly progressive GEP NETs. Etoposide 
plus cisplatin has some eff ectiveness in poorly 
diff erentiated tumours, whereas streptozocin with 
fl uorouracil or doxorubicin benefi ts patients with 
pancreatic NETs by reducing radiological tumour load by 
more than 30% in about a third of patients.71

The crucial issue with rigorous assessment of medical 
treatment is that most studies are retrospective, assess 
heterogeneous tumours, commonly lack standardised 
entry criteria, refl ect single-centre experience, and are 
underpowered.

Target and mechanism Type of trial Partial response 
(proportion of patients)*

Reference

Bevacizumab Monoclonal antibody against vascular endothelial growth 
factor

Randomised phase II trial 18% 72

Sunitinib Tyrosine kinase inhibitor of vascular endothelial growth factor 
receptors 1–3, platelet-derived growth factor receptor, KIT, RET 
ligand 1, and FLT 3,

Phase II trial of patients with 
carcinoid tumours or islet- cell 
tumours

2% (carcinoid); 
15% (islet cell)

73

Sorafenib Tyrosine kinase inhibitor of vascular endothelial growth factor 
receptors 2–3, platelet-derived growth factor receptor, FLT3, 
BRAF, KIT, and fi broblast growth factor receptor 1

Phase II trial Ongoing trial NA

Vatalanib Tyrosine kinase inhibitor of vascular endothelial growth factor 
receptors 1–3, platelet-derived growth factor receptor, and KIT

Phase II trial Ongoing trial NA

Temsirolimus Protein kinase inhibitor of mTOR Phase II trial of patients with 
carcinoid tumours or islet-cell 
tumours

5% (carcinoid); 
7% (islet cell)

74

Everolimus Protein kinase inhibitor of mTOR Phase II trial of patients with 
carcinoid tumours or islet-cell 
tumours

12% (carcinoid); 
15% (islet cell)

75

*Defi ned according to WHO or RECIST (Response Evaluation Criteria in Solid Tumors)76 criteria. NA=not available.

Table 4: New treatments for GEP-NET

Panel: Requirements for an improvement in NET outcome

• Refi nement of universal classifi cation and grading system
• Elucidation of cell biology
• Development of cell lines and animal models
• Acquisition of genetic information
• Identifi cation of serum markers for early diagnosis
• Defi nition of tissue markers to identify tumour origin
• Development of molecular pathological profi ling to defi ne prognosis
• Precise identifi cation of topographic information (before and during surgery)
• Identifi cation of molecular therapeutic targets
• Development of improved (adjuvant) treatment for residual disease
• Establishment of centres of excellence and multidisciplinary speciality NET clinical 

teams
• Construction of central clinical and tissue database resources
• Government focus on clinical and research funding for an orphan disease
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New drugs and targets
Traditional DNA-damaging cytotoxic drugs are of limited 
effi  cacy in GEP NETs. Several proangiogenic molecules 
are overexpressed in NETs—eg, vascular endothelial 
growth factor and its receptors, and related 
signalling-pathway components such as epithelial 
growth factor receptor, insulin-like growth factor 1 
receptor, phosphoinositide-3-kinase, RAC-alpha serine/
threonine-protein kinase (AKT), and mammalian target 
of rapamycin (mTOR). New drugs that target some of 
these molecules are under assessment in early clinical 
trials (table 4).72–75 Angiogenesis and mTOR inhibitors 
might have potential, although less than 20% of patients 
have a radiological response.

Although strategies that use these biological agents 
might advance the management of GEP NETs, they were 
fi rst developed for other tumour types. The development 
of more eff ective drugs for GEP NETs will need improved 
understanding of GEP NET biology and perhaps the 
discovery of a molecular target specifi c to all or some 
subtypes of GEP NETs. Use of somatostatin receptors to 
target so-called passenger drugs (ie, active cytotoxic drugs 
that are physically linked to agents that bind to 
somatostatin receptors) might hold potential. 

Peptide-receptor radionuclide therapy
This new treatment has proven to be safe and eff ective77 
and might become an important treatment strategy for 
lesions that express adequate densities of somatostatin 
receptors. GEP NETs overexpress these receptors, mainly 
subtype 2, which become internalised after ligand 
binding. Therefore, they are targets for cytotoxic drugs 
coupled to somatostatin (eg, radiolabelled somatostatin 
analogues). Diagnostic SRS with indium-111-labelled 
DTPA0-octreotide ([¹¹¹In]octreotide) can identify tumours 
that express somatostatin receptors and that are thus 
suitable for peptide-receptor radionuclide therapy. 
Initially, this treatment used high-dose [¹¹¹In]octreotide. 
Subsequently, somatostatin peptides with higher receptor 
affi  nity were developed and conjugated with the chelator 
1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid 
(DOTA), allowing stable labelling with the pure, 
high-energy β-emitter yttrium-90 or the medium-energy 
β-emitter lutetium-177 ([¹⁷⁷Lu]). Conjugation of octreotide 
with a chelator can change the affi  nity profi le for particular 
subtypes of somatostatin receptor. [¹⁷⁷Lu]DOTATATE 
([¹⁷⁷Lu]DOTA-Tyr[3]-octreotate), a selective analogue of 
somatostatin receptor 2, has a particularly favourable 
affi  nity profi le. Its maximum tolerated dose is limited by 
toxic eff ects on the kidney and bone marrow, and results 
seem encouraging compared with historical therapeutic 
data.77

Randomised studies of peptide-receptor radionuclide 
therapy are lacking, making comparison of published 
data diffi  cult. Whether the addition of radiosensitisers 
such as capecitabine (an oral derivative of fl uorouracil) or 
a combination of radionuclides with diff erent physical 

characteristics will increase effi  cacy remains to be 
determined. If peptide-receptor radionuclide therapy is 
licensed and becomes widely available, it will likely be 
used in combination with other treatments in 
SRS-positive GEP NET disease. 

Conclusion
GEP NETS are unusual and fairly rare neoplasms. 
Although recognised for at least a century, they remain 
orphan tumours, about which little is known. 
Disappointingly, survival of patients with NETs has not 
changed appreciably over the past three decades in either 
the USA4 or UK.78 Improved cell lines and models are 
needed to defi ne their derivation, biology, behaviour, and 
growth potential. 

Many diff erent types of physicians manage GEP 
NETs, including endocrinologists, gastroenterologists, 
oncologists, interventional radiologists, and surgeons. 
Moreover, strategies vary depending on tumour type, 
spread, general health of the patient, and predominant 
symptoms. More reliable serum markers and better 
tumour localisation and identifi cation would be of great 
benefi t. There is a relative paucity of genetic information 
and poor application of the histological grading systems 
and classifi cations that have been devised. Comparison 
between treatments is diffi  cult because of heterogeneous 
patients and few randomised trials. The development 
of centres of excellence and NET clinical teams to 
coordinate multicentre studies, extend clinical and 
tissue databases, and ultimately develop molecularly 
targeted therapeutics are needed to advance treatment 
and survival for patients with GEP NETs (panel).
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