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Abstract 
Neuroendocrine tumours (NETs) are relatively rare tumours, mainly originating 
from the digestive system, able to produce a number of specific bioactive amines 
and hormones, with specific clinical and biochemical presentations. 
Since 2000, the WHO classification of endocrine tumours has clearly defined the 
neuroendocrine phenotype. 
 
Neuroendocrine tumours 
Neuroendocrine tumours (NETs) are relatively rare tumours originating from 
dispersed neuroendocrine cells, distributed almost ubiquitously in the body. The 
term “neuroendocrine” relates to a peculiar characteristic or phenotype of these 
cells, namely the ability of synthesise, store and secrete neuro-hormones, neuro-
transmitters or neuromodulators, substances produced by both the endocrine and 
nervous systems [1,2]. 
Historical facts 
In 1907 the pathologist Siegfried Oberndorfer described for the first time a peculiar 
tumour of the small intestine, which he called "Karzinoide Tumor" (carcinoid). 
Lately, in 1914 Pierre Masson suggested the endocrine origin of these kind of 
tumors, whereas Friedrich Feyrter and Anthony Pearse introduced for the first time 
the concept of diffuse endocrine system, from which tumours like carcinoids may 
originate. Further studies showed that each endocrine cell could express specific 
hormonal peptides and general markers, such as synaptophysin and chromogranin 
A (CgA). This led to the term neuroendocrine cell system and consequently NETs 
[3]. 
Histopathological features 
From a morpho-fuctional point of view, the neuroendocrine system is composed by 
three major compartments: 1) the neurones in central and peripheral nervous 
system; 2) the epithelial endocrine cells dispersed mainly throughout the gastro-
enteric and respiratory tracts, but also within the thyroid, the thymus, the skin, the 
breast, the larynx, the kidney, the urinary bladder and the prostate, and those 
assembled in units, such as Langherhans islets in pancreas; 3) the classic 
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endocrine organs, such as anterior pituitary, parathyroid glands and adrenal 
medulla [4]. 
Each cell of the neuroendocrine system is able to produce a number of specific 
hormones, such as gastrin, insulin, serotonin, somatostatin, glucagon, pancreatic 
polypeptide, and VIP in gastro-enteropancreatic (GEP) tract, catecolamines in 
adrenal medulla, ACTH, GH, prolactin, FSH, LH or TSH in anterior pituitary, and 
PTH in parathyroid glands. Conversely, the majority of these cells are also able to 
produce chromogranins and synaptophysin, which are considered aspecific 
markers of neuroendocrine cells [5]. 
From a functional point of view, neuroendocrine cells can act either via an 
autocrine/paracrine or endocrine mechanisms. These different functional pathways 
reflect the complexity of neuroendocrine system, which is important in the 
development of various apparatuses and in the regulation of metabolic, 
chemoreceptor, motility and secretion functions [6].   
Neoplasms arising from this system are named NETs. Their annual incidence 
ranges from 1 to 2 cases/100.000/year, but it is probably underestimated. An 
accurate epidemiology of NETs is rather difficult, mainly due to their relatively 
recent identification as autonomous pathological entities, and, particularly, to the 
continuous development of their classification. According to the tumour registry of 
the National Cancer Institute in Bethesda, they represent 2.2% of the database in a 
period of observation ranging from 1973 and 2002. The main part is represented 
by tumours of the respiratory tract (65.6%), mostly small-cell lung carcinomas, 
followed by those originating from the digestive system (17.2%), and a 
miscellaneous group including breast, genito-urinary, endocrine and other systems. 
Excluding small-cell lung carcinomas, a particularly aggressive tumour deserving 
separate considerations, the most frequent NETs occur in the digestive tract (66%), 
followed by the remaining of the respiratory tract (31%). The incidence of 
“carcinoids” seems increasing by 3-10% per year, due to improvement of the 
diagnostic procedures and, generally, to better knowledge on this subject, with a 
prevalence of 0.75% of all malignancies in 1994 and of 1.25% in 2004 [7,8].  
The neuroendocrine profile is the antigenic feature of NET cells and is defined by 
the expression of several generic and specific cellular markers, General markers 
are present in all neuroendocrine cells and allow the assessment of the 
neuroendocrine nature of the cell under investigation. These antigens can be either 
located in the cytosol, such as neuron-specific enolase (NSE), or associated with 
secretory vesicles, such as chromogranins and synaptophysin. Specific markers 
include the amine or hormone produced by the cell, which generally produce the 
related paraneoplastic syndrome [9]. 
Histopathotological classification 
NETs can be either functioning or non-functioning. The endocrine cells of the GEP 
tract are highly specialised epithelial cells, able to produce a number of bioactive 
substances or hormones, such as gastrin, insulin, glucagon, somatostatin, PP, etc, 
and to store them in sub-organelles called “secretory vesicles”. In this sense, the 
GEP tract is probably the largest and most complex endocrine organ in the body.  
NETs represent different pathological entities, depending on the origin. Roughly, 
according to a “surgical” criterion, NETs are divided into three different categories: 
those arisen in neuroendocrine organs, such as medullary thyroid carcinomas, 
pancreatic endocrine tumours, pheochromocytomas and paragangliomas; those 



 9 

arisen from dispersed neuroendocrine cells, such as bronchial or gastro-enteric 
NETs; finally, those arisen from non neuroendocrine organs, such as thymus or 
cutanous NETs.  
The diagnosis of NET is based on the conventional histology and the 
immunohistochemical characterisation of the aforementioned neuroendocrine 
markers (CgA, synaptophysin), or hormones (gastrin, insulin, etc.). Size, angio-
invasion, proliferation activity (Ki-67), histological differentiation, and the presence 
of metastases should also be taken into consideration. The proliferation marker Ki-
67 determines tumour grade and gives specific prognostic indications, especially in 
digestive tract. Since 2000, the WHO classification of endocrine tumours has 
clearly defined the neuroendocrine phenotype. Since then, the traditional 
classification of carcinoids in foregut (lung, thymus, stomach, duodenum and 
pancreas), midgut (small intestine) and hindgut (distal colon and rectum), was 
abandoned and substituted by the terms NET and carcinoma. Nevertheless, the 
term carcinoid has been maintained for tumours arising from lung and thymus (see 
below), and sometimes remains in the current clinical practice indicating, actually, 
well-differentiated neuroendocrine carcinomas. The WHO classification is based on 
the evaluation of cellular grading, primary tumour size and site, cell proliferation 
markers, local or vascular invasivity, and the production of biologically active 
substances. The main categories of tumours are well differentiated endocrine 
tumours (benign and/or unknown behaviour, with a low grade of malignancy), well 
differentiated endocrine carcinomas (more aggressive due to the possibility of 
metastases), poorly differentiated endocrine carcinomas (with a high grade of 
malignancy and a poor prognosis); mixed exocrine–endocrine tumours [10,11]. 
This classification applies easily to NETs of the GEP tract (Table 1), while it has 
been criticised for lung (and thymic) tumours, which are often classified according 
to Travis, who recognised typical and atypical carcinoids (corresponding to low-
grade NETs), and large-cell neuroendocrine carcinoma (LCNC) and small-cell lung 
cancer (SCLC) (corresponding to high-grade NETs), the most prevalent one (even 
89%, according the SEER database of National Cancer Institute). The WHO 
diagnostic criteria for a typical carcinoid are: carcinoid morphology and <2 
mitoses/10 HPF (high power field), absent necrosis and 0.5 cm or larger. An 
atypical carcinoid has carcinoid morphology with 2–10 mitoses/10 HPF and/or 
areas of necrosis [12-14].  
Clinical presentation 
NETs tend to be slow growing (although there are aggressive forms) and are often 
diagnosed when they have already metastasised, thus when a radical treatment is 
no longer possible. They may present with symptoms related to the inappropriate 
peptide and neuroamine hypersecretion or, especially the non-functioning ones, 
which are the majority, with symptoms related to their mass effect. Even in 
functioning tumours, despite the presence of a distinct clinical syndrome, 
symptoms are frequently unrecognised, and diagnosis is often delayed to the 
metastatic phase, involving usually the liver. 
Most of NETs are sporadic, but occasionally, they may be part of inherited 
syndromes, known as multiple endocrine neoplasia type 1 and 2 (MEN1 and 
MEN2). Five other inherited diseases show a more heterogeneous clinical pattern, 
with mainly non-endocrine tumours (Von Hippel-Lindau, neurofibromatosis type 1, 
tuberous sclerosis, succinate dehydrogenase, and McCune-Albright syndromes). 
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NETs cover a wide spectrum of diseases, differing as to the site of origin, the type 
of secretion and, thus, the clinical syndrome, and as to the histopathological and 
clinical growth characteristics.  
Gastric NETs (the so-called “carcinoids”) are typically multiple, small, and usually 
benign. They are associated with hypergastrinaemia, and can be of type 1, 
following atrophic gastritis or type 2, in the Zollinger-Ellison syndrome. Type 3 
gastric carcinoids are not associated with hypergastrinaemia and are single large 
lesions, usually with distant metastases. Duodenal NETs frequently secrete gastrin 
and cause Zollinger-Ellison syndrome, as part of MEN1. Intestinal and appendix 
NETs (the so-called classic “carcinoids”, described by Oberndorfer) derive from 
enterochromaffin cells and are mainly non-functioning. Examples of functioning 
tumours are metastatic carcinoids, that may present with the carcinoid syndrome, 
typical or atypical, with cutaneous flushing, diarrhoea and abdominal pain, due to 
the over-production and release in the systemic circulation of bioactive amines, 
mostly serotonin and hystamine. These tumours commonly arise from small 
intestine and appendix. Colonic carcinoids are frequently large, non-functioning, 
with a poor prognosis, while rectal ones are small, and rarely metastasise.  
NETs in the pancreas are usually large and up to 50% have synchronous liver 
metastases. Functioning pancreatic islet cell tumours may present with syndromes 
related to the hyper-production of insulin, gastrin, VIP, glucagon, somatostatin, etc., 
thus forming markedly different clinical and pathological entities. Insulinomas are 
often small and benign lesions causing hypoglicaemia. Gastrinomas are less 
common than in the duodenum, but are generally malignant and cause Zollinger-
Ellison syndrome, in 25% of cases associated to MEN1. Glucagonomas cause 
diabetes and a characteristic rash (necrolytic migratory erythema). Finally, 
VIPomas may produce severe diarrhoea, hypokaliemia and aclorhydria (WDHA or 
Whipple syndrome). Rare tumours may secrete ACTH, GH-RH, PTH-RP and 
somatostatin [15]. 
Thoracic NETs include typical and atypical carcinoids, large cell neuroendocrine 
carcinomas and small cell carcinomas, the most common ones. Carcinoids 
frequently express the TTF-1 marker, which is pathognomonic, especially in the 
most aggressive forms [16]. The majority of patients with bronchial NETs have 
symptoms at presentation, such as cough, haemoptysis, and pneumonia (a 
classical triad), resulting from the luminal obstruction and ulceration of the tumour. 
Typical carcinoid presents characteristically as a central lesion, with signs and 
symptoms of bronchial obstruction. They display a relatively benign biological 
behaviour. Carcinoid syndrome occurs when liver metastases are present, which 
contribute to shed active amines in systemic circulation. Other syndromes related 
to hormonal over-production include Cushing syndrome, due to ACTH secretion, 
and acromegaly, due to GH-RH secretion. Atypical carcinoids, frequently peripheral 
and functioning, are considered biologically aggressive, with lymphatic and 
haematogenous metastases. Large cell neuroendocrine carcinoma is an 
aggressive and rare form, usually amply metastatic at diagnosis, causing rapid 
deterioration of clinical status. Paraneoplastic syndromes are sporadic. Finally, 
small cell lung carcinoma is a particularly aggressive and frequent tumour, early 
metastasising through lymphatic and haematogenous ways, extremely 
chemosensitive but also easily relapsing and with a poor prognosis. Mediastinal 
syndrome caused by lymph node metastases is frequent at the clinical 
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presentation, often accompanied by distant metastases, such as in the brain or 
bones. In many cases, paraneoplastic syndromes occur, particularly Cushing and 
the syndrome of inappropriate antidiuretic hormone secretion (SIADH) [17-19].  
 
Biochemical profile 
Together with histopathologic analysis and clinical evaluation, serum hormone 
assays are the pivots of diagnosis. Some markers are common to the majority of 
NETs, among these Cg-A and B, pancreatic polypeptide, NSE, and � and � chains 
of chorionic gonadotropin. On the other hand, specific hormone markers suggest 
specific tumours, such as serotonin or its breakdown urinary product 5-hydroxy-
indole-acetic acid (5-HIAA) in gastro-intestinal and bronchial carcinoids, insulin and 
C-peptide in pancreatic insulinomas, or gastrin in duodenal gastrinomas. Plasma 
CgA is a very sensitive (99%) marker of NETs, and correlates with tumour volume 
and burden and with the outcome of therapy, although it is non-specific, as it is 
elevated also in SCLC and in prostate carcinoma. Main causes of false-positives 
are therapy with proton pump inhibitors, renal impairment, and atrophic gastritis. 
Recently, it has been suggested that alkaline phosphatase is a better predictor of 
survival than CgA [20,21]. 
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Table 1. WHO classification of NET of the gastrointestinal tract (Modified from 11) 
STOMACH, ILEUM, COLON PANCREAS 

1- Well-differentiated Endocrine Tumour 
(“carcinoid”) 

1- Well-differentiated Endocrine Tumour 

(A)  Benign behaviour (A)  Benign behaviour 

Confined to mucosa-submucosa, non-angioinvasive Confined to the pancreas, non-angioinvasive 

Size: �1 cm (stomach and small intestine) or �2 cm 
(colon) 

Size: <2 cm; Mitoses: �2; Ki67 positive cells/10 
HPF: �2% 

(B) Uncertain behaviour (A) Uncertain behaviour 

Confined to mucosa-submucosa, angioinvasive Confined to the pancreas 

Size: >1 cm (stomach or small intestine) or >2 cm 
(colon) 

Size: �2 cm; Mitoses: >2, or angioinvasive; Ki67 
positive cells/10 HPF: >2% 

2- Well-differentiated Endocrine Carcinoma 
(“malignant carcinoid”) 

2- Well-differentiated Endocrine Carcinoma 

Low-grade malignant tumour Low-grade malignant tumour with gross local 
invasion/metastases 

Deeply invasive or metastatic  Ki67 positive cells/10 HPF: >5% 

3- Poorly-differentiated Endocrine Carcinoma 3- Poorly-differentiated Endocrine Carcinoma 

Small-cell carcinoma Small-cell carcinoma 

High-grade malignant tumour High-grade malignant tumour; Ki67 positive cells/10 
HPF: >15% 

4- Mixed Endocrine/Exocrine Carcinoma 4- Mixed Endocrine/Exocrine Carcinoma 

Moderate to high-grade malignant tumour Moderate to high-grade malignant tumour 

 
 




