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neuroendocrine cells [Entero-Chromaffin-Like (ECL) 
cells] and development of multifocal, polypoid NETs [31]. 
Type II gastric NETs are associated with Zollinger-Ellison 
and MEN-1 syndrome. They are commonly small in size, 
multifocal, and relatively unaggressive. Patients usually 
suffer from symptoms of Zollinger-Ellison syndrome, 
such as diarrhoea, heartburn, and peptic ulcers. Type 
III gastric NETs are large, sporadic, solitary tumours that 
are not associated with gastrin excess. They are more 
invasive than their Type I and II counterparts and can oc-
casionally present with an “atypical carcinoid syndrome” 
mainly due to histamine production. This can be clinically 
distinguished from the typical (serotonin-associated) 
carcinoid syndrome by the patchy red, serpiginous, 
highly pruritic flush patients usually present with [29,30]. 

3. Small bowel NETs
The majority of small bowel NETs are located in the 

distal ileum [32], with around 25% of patients presenting 
with multifocal tumours clustered close to each other at 
the time of diagnosis. Despite the fact that the malignant 
potential of GEP-NETs is associated with tumour size, 
even small bowel NETs less than 1cm in size have the 
ability to metastasize [33]. Common sites of metastases 
include the liver, mesentery, and peritoneum. Mesen-
teric desmoplasia and intestinal ischemia can occur 
when the tumour metastasizes to the lymph nodes at 
the root of the mesentery [34]. Accordingly, patients 
may present with colicky or intermittent abdominal 
pain and intestinal obstruction [34]. Small bowel NETs 
originating from the duodenum are rarely syndromic. 
Up to 30-40% of advanced small bowel NETs produce 
and secrete serotonin and other vasoactive substances, 
causing “carcinoid syndrome”. Carcinoid syndrome oc-
curs due to the hypersecretion of vasoactive amines and 

may also be present, but do not contribute to earlier 
diagnosis due to their vague nature. As a result, diagno-
sis may delay up to a decade, and often symptoms are 
attributed to irritable bowel syndrome or other benign 
gastroenteric disorders. On the other hand, functioning 
tumours may present with a variety of symptoms, based 
on the anatomic location of the tumour, as well as the 
type of produced hormones [26,27]. For example, small 
bowel/midgut carcinoids metastatic to the liver are 
responsible for the carcinoid syndrome, characterized 
by flushing, diarrhoea, wheezing and carcinoid heart 
disease, via releasing serotonin and other vasoactive 
substances in the circulation [5]. Similarly, functioning 
pNETs (VIPoma, glucagonoma, gastrinoma etc.) are 
responsible for the development of various clinical 
syndromes which will be described in detail below.

1. Appendiceal NETs 
Appendiceal NETs are usually benign and not asso-

ciated with any hormonal-related symptoms. They are 
commonly diagnosed incidentally after examining the 
specimens of appendicectomies. Women have higher 
prevalence of appendiceal NETs, possibly due to the 
fact that pre-menopausal females undergo diagnostic 
laparoscopies more frequently in order to differenti-
ate between gynaecologic and other reasons of lower 
abdominal pain [28]. 

2. Gastric NETs 
Gastric NETs are rare and can be subdivided into three 

categories. Type I gastric NETs have an association with 
chronic atrophic gastritis and pernicious anaemia. Due 
to the loss of the gastric glands and long-term achlo-
rhydria, antral G cells are forced to secrete excessive 
serum gastrin, thus causing hyperplasia of the gastric 

Table 2: Secretory syndromes in patients with hormonally active GEP-NENs

Tumor type Symptoms/Findings Substances responsible

Midgut NETs with liver 
metastases

Carcinoid syndrome (diarrhea, flushing, wheezing, 
carcinoid heart disease)

Serotonin, bradykinin, histamine, 
prostaglandins

Insulinoma Hypoglycemia Insulin

Gastrinoma Multiple gastric ulcers, abdominal pain, diarrhea Gastrin

VIPoma Watery diarrhea, hypokalemia, achlorhydria (WHDA 
syndrome)

VIP

Glucagonoma Diabetes, diarrhea, stomatitis, weight loss, necrolytic 
migratory erythema

Glucagon

Abbreviations: GEP-NEN, gastroenteropancreatic neuroendocrine neoplasm; NET, neuroendocrine tumor; VIP, vasoactive intestinal 
peptide.




