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Neuroendocrine neoplasms (NENs) are a diverse range of 
tumours that originate from neuroendocrine cells in either 
endocrine or nonendocrine organs. NENs are heteroge-
neous in clinical features and histopathological appear-

ance. They may produce vasoactive hormones or neurotransmitters.1,2 
NENs of endocrine organs include medullary thyroid cancer, par-
agangliomas, phaeochromocytomas and pituitary neuroendocrine 
neoplasms. NENs may also occur in diffuse endocrine tissue in 
exocrine parenchyma, such as the gastroenteropancreatic system 
and lung. Historically, these NENs were classified as carcinoid 
tumours.3 

NENs account for about 2% of malignant neoplasms.4 Their 
incidence is rising, which has been attributed to increased rates of 
incidental detection with improved radiological techniques and 
greater awareness.5 Despite the increased overall incidence of NENs, 
the rates of metastatic disease at presentation have remained largely 
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Neuroendocrine neoplasms are a heterogeneous group of 
tumours that can present with nonfunctional symptoms or 
functional syndromes. Diagnosis is often delayed because 
of the nonspecific presentation. This article provides an 
update on the detection of neuroendocrine tumours and 
neuroendocrine carcinomas and the management of 
patients with these conditions.

FEATURE  PEER REVIEWED  

EndocrinologyToday  MAY 2024, VOLUME 13, NUMBER 2  6	

Downloaded for personal use only. No other uses permitted without permission. © MedicineToday 2024. https://endocrinology.medicinetoday.com.au/et/2024/may



stable.6 Diagnosis of NENs is often delayed because of the nonspecific 
symptoms. Multiple studies have reported a median time from initial 
symptoms to diagnosis of 36 to 58 months.7-9

This article focuses on NENs arising from common anatomical 
sites, including gastrointestinal, pancreatic, bronchopulmonary, 

thymic and genitourinary NENs. We discuss the presentation, 
diagnosis and management of patients with these NEN subtypes.

Classification of neuroendocrine neoplasms 
The classification of NENs has changed substantially over the past 
25 years.3 Pre-2000, NENs of nonendocrine organs were classified 
as carcinoid tumours. In 2010, they were separated into neuroen-
docrine tumours (NETs) and neuroendocrine carcinomas, depend-
ing on their grade.10 In 2019, the WHO adjusted this classification 
system.3 Previously all grade 3 lesions were labelled neuroendocrine 
carcinoma, irrespective of the degree of differentiation. The 2019 
update allowed for the existence of grade 3 well differentiated NETs, 
with only poorly differentiated tumours labelled neuroendocrine 
carcinoma (Table 1).3,11

Well-differentiated lesions with molecular and morphological 
features consistent with cells of neuroendocrine origin are classified 
as NETs. These strongly express markers of neuroendocrine cells, 
including chromogranin A, synaptophysin and somatostatin recep-
tors.11 In contrast, neuroendocrine carcinomas comprise cells with 
marked atypia and altered molecular profiles. They retain sufficient 
evidence of neuroendocrine cell differentiation, but this is signifi-
cantly less prominent compared with NETs.3,12 Neoplasms with 
mixed neuroendocrine and epithelial components have also been 
identified, termed mixed neuroendocrine and non-neuroendocrine 
neoplasms.13

Genetics 
Most NENs are sporadic. However, some NENs (fewer than 5%) are 
associated with a genetic condition, such as multiple endocrine 
neoplasia type 1 or 2, von Hippel-Lindau disease, tuberous sclerosis, 
neurofibromatosis or Mahvash disease.14-16 Genomic analyses have 
demonstrated a complex mutational milieu with certain NENs. 

Signs and symptoms 
NENs can be functional or nonfunctional. Improved radiological 
techniques have led to increasing numbers of incidentally found 
NENs, which can be asymptomatic. If an NEN is functional, the 

Key points
•	Most neuroendocrine neoplasms are indolent; however,

a minority can behave aggressively. 
•	There is often significant delay between symptom onset

and diagnosis because of the nonspecific nature of 
symptoms.

•	Early recognition and diagnosis are crucial to allow 
patients to be treated before they develop more widespread 
disease.

•	A wide range of therapeutic options are available for 
neuroendocrine neoplasms; more targeted therapies are 
being explored to optimise patient outcomes while limiting 
toxicity.
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clinical syndrome depends on the hormone secreted. Paraneoplastic 
syndromes such as tumour-induced hypercalcaemia, syndrome of 
inappropriate antidiuretic hormone, ectopic Cushing’s syndrome 
and autoimmune neuropathies or encephalomyelitis can occur.17,18

Patient presentation varies depending on the organ of origin of 
the NEN. Signs and symptoms are often nonspecific, leading to delays 
in diagnosis, as illustrated in the case study (Box 1).9 Many patients 
are misdiagnosed with conditions such as irritable bowel syndrome, 
dyspepsia, inflammatory bowel disease, menopause, asthma or anxiety 
following reviews in primary and secondary care.7,19

Subtypes of neuroendocrine neoplasm
Gastrointestinal NENs 
Gastrointestinal NENs can affect the stomach, small bowel, appendix 
and colon. They can cause symptoms of mass effect, including 
abdominal discomfort or constipation.

The small intestine is a common site for NENs. Carcinoid syn-
drome occurs in a minority of patients with metastatic disease.20 
Although the primary tumour may be small, associated mesenteric 

lymphadenopathy can cause fibrosis leading to bowel obstruction 
and ischaemia.21 A prospective study suggested that age greater than 
60 years, male sex, body mass index greater than 35 kg/m2 and use 
of menopausal hormone therapy were potentially associated with 
the development of small intestine NEN.22 A family history of cancer 
was not statistically significant in this study. In contrast, a population- 
based study found patients with a first-degree relative with small 
intestine NEN had a higher incidence of developing the disease 
themselves.23

Carcinoid syndrome occurs most commonly with midgut and 
bronchopulmonary or thymic NENs. In a database review of 9512 
patients with NENs, 19% had carcinoid syndrome.24 Characteristic 
symptoms of carcinoid syndrome include facial flushing, diarrhoea 
and shortness of breath.25 Acute complications include carcinoid 
crisis, which presents with hypotension, tachycardia, flushing and 
bronchospasms and typically occurs after anaesthesia or surgery, 
but can occur with no trigger. Longer term complications are related 
to fibrosis, causing mesenteric or retroperitoneal fibrosis or carcinoid 
heart disease.26 The occurrence of carcinoid syndrome has been 
significantly associated with tumour grade, stage and primary 
tumour site, and is associated with a lower overall survival rate.24 
It predominantly occurs in the setting of liver or bone metastases, 
where serotonin metabolites and other hormones and proteases are 
able to bypass the portal vein circulation.25

Gastric NENs are classified into four groups:14,27

•	 type I gastric NENs, arising from enterochromaffin cells 
affected by chronic atrophic gastritis, which can be associated 
with pernicious anaemia

•	 type II gastric NENs, which have been associated with multiple 
endocrine neoplasia 1 or Zollinger-Ellison syndrome and are 
characterised by oversecretion of gastrin

•	 type III gastric NENs, which do not produce gastrin and are 
typically sporadic, large, invasive lesions that behave  
aggressively despite being well differentiated; they can  
cause a histamine-mediated atypical carcinoid syndrome  
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Table 1. Changing classification of neuroendocrine neoplasms3 

Tumour classification Tumour characteristics

Pre-2000 
classification

2010 WHO 
classification10

2019 WHO update3 Grade Differentiation Histopathology Mitoses  
(per 10 HPF)

Ki-67 
index (%)†

Carcinoid 
tumour

Neuroendocrine tumour Neuroendocrine tumour 1 Well 
differentiated

Strong expression of 
neuroendocrine cell 
markers*

<2 <3%

Neuroendocrine tumour Neuroendocrine tumour 2 2 to 20 3 to 20%

Neuroendocrine 
carcinoma

Neuroendocrine tumour 3 >20 >20%

Neuroendocrine 
carcinoma

3 Poorly 
differentiated

Marked atypia, altered 
molecular profiles

>20 >20%

Abbreviation: HPF = high power field.
* Neuroendocrine cell markers include chromogranin A, synaptophysin and somatostatin receptor.
† Antigen Kiel 67 (proliferation) index.

1. Case study: a middle-aged man with diarrhoea

A 45-year-old man presented to his GP with intermittent diarrhoea. An 
initial work up did not find an infective or inflammatory cause. He was 
referred for colonoscopy, which had normal results. He was then lost 
to follow up.

The patient presented again two years later with persistent and 
worsening watery diarrhoea. He was referred for CT of the abdomen, 
which showed lesions in the duodenum and both lobes of the liver. 
 A liver biopsy confirmed the presence of a grade II neuroendocrine 
tumour (5 mitoses per 10 high power fields, Ki-67 index 10%). The 
patient’s serum chromogranin A and urinary 5-hydroxyindoleacetic 
acid (5-HIAA) levels were elevated, although he was not taking any 
confounding medications. He was commenced on treatment with 
lanreotide, and his symptoms resolved. 
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leading to a pruritic, erythematous and patchy rash
•	 type IV gastric NENs, which are poorly differentiated

carcinomas. 
Colorectal NENs are is rarer than small intestinal NENs are. It 

has a tendency to behave more aggressively and can have a poorer 
prognosis than adenocarcinoma.28

Pancreatic NENs 
Pancreatic NENs arise from pancreatic islet cells. Most pancreatic 
NENs are nonfunctional, but functional tumours can occur. The 
clinical syndrome relates to the specific hormone secreted (Table 2). 
Pancreatic NENs can secrete multiple hormones or initially present 
as nonfunctional and subsequently progress to hormone production. 
Locally advanced disease can cause nonhormonal symptoms such 
as pain, biliary obstruction, pancreatitis or intestinal obstruction.29 
Distant metastatic disease can cause symptoms that depend on the 
organ involved. A systematic review found that smoking and a first-
degree family history of cancer were significantly associated with the 
development of sporadic pancreatic NEN; however, the data were 
insufficient to support smoking or alcohol intake as risk factors.30

Bronchopulmonary and thymic NENs 
Bronchopulmonary and thymic NENs are divided into four groups: 
typical carcinoid, atypical carcinoid, large cell neuroendocrine 

carcinoma and small-cell lung carcinoma. These groups differ in 
their histopathology, clinical behaviour and prognosis.14,31 Most lung 
NENs are small cell lung cancer. 

Table 2. Functional pancreatic neoplasms and their 
associated syndromes

Neoplasm Clinical syndrome 

Insulinoma Insulin secretion leading to hypoglycaemia ± 
hypokalaemia, weight gain

Gastrinoma Zollinger-Ellison syndrome, peptic ulcer disease

Pancreatic polypeptide-
secreting tumour

Weight loss, jaundice, abdominal pain

VIPoma Watery diarrhoea, hypokalaemia, 
achlorhydria; hypercalcaemia is common

Glucagonoma Diabetes, dermatitis (necrolytic migratory 
erythema), deep vein thrombosis, 
depression, weight loss

Somatostatinoma Cholelithiasis, hyperglycaemia, steatorrhoea, 
weight loss 

Abbreviation: VIP = vasoactive intestinal peptide.

C

M

Y

CM

MY

CY

CMY

K

Downloaded for personal use only. No other uses permitted without permission. © MedicineToday 2024. https://endocrinology.medicinetoday.com.au/et/2024/may



Smoking is significantly associated with the development of 
small cell lung cancers and large cell neuroendocrine carcinomas, 
which are more common in older men. Small cell lung cancer is 
particularly aggressive and has a poor prognosis. Carcinoid 
tumours occur typically in women aged 40 to 50 years, and smok-
ing is thought to be less of a risk factor.31 Although small cell lung 
cancer typically presents as a central lesion, large cell neuroen-
docrine carcinoma tends to be more peripheral. Central lesions 
can present with chest pain, haemoptysis, dyspnoea, pain and 
recurrent pneumonia, whereas peripheral lesions are often found 
incidentally.

Thymic NENs are rare. A significant proportion are associated 
with multiple endocrine neoplasia type 1.32

Genitourinary NENs
NENs affecting the kidney or bladder are rare. They can present 
with abdominal or flank pain, haematuria or weight loss.33 Most 
genitourinary NENs are high grade.34

Investigations 
Serum chromogranin A is a measurable screening biomarker in the 
setting of NEN. However, the reported sensitivity and specificity of 
this biomarker vary significantly between different NENs (sensitivity, 
46 to 100%; specificity 68 to 100%).35,36 Poorer survival outcomes 
have been correlated with increased levels of circulating chromog-
ranin A.37 Chromogranin A levels can also be affected by other 
conditions, including cardiac disease, inflammatory disorders, 
atrophic gastritis and use of medications such as proton pump 
inhibitors and histamine antagonists. This affects the utility of 
chromogranin A in diagnosis and serial monitoring of patients with 
NEN in the real world setting.38

Urinary 5-hydroxyindoleacetic acid (5-HIAA), the metabolite 
of serotonin, can be measured over 24 hours patients with sus-
pected carcinoid syndrome to diagnose and subsequently monitor 
response to treatment.38 Reported sensitivity and specificity vary 
depending on the type of NEN, and notably the test can have 
negative results even in the presence of clinically evident carcinoid 
syndrome.

Diagnosis 
Tissue sampling of NENs via biopsy or resection is crucial for both 
diagnosis and management. Levels of hormones relating to specific 
functional syndromes can also be measured. 

Various imaging modalities are used to help localise and stage 
NENs. Conventional techniques such as CT and MRI can be used 
to localise tumours.39 Endoscopic ultrasound examination has 
demonstrated superiority to CT and MRI imaging for the detection 
of pancreatic NENs and also enables tissue biopsy.40

Functional imaging, including fluorine-18 (e.g. FDG) and gallium-68 
DOTATATE positron emission tomography (PET), plays a comple-
mentary role, particularly when deciding on appropriate therapeutic 
options such as peptide receptor radionuclide therapy.41 NENs express 

somatostatin receptors, and DOTATATE PET can facilitate their 
detection, especially for NENs that are well differentiated. As NENs 
become more poorly differentiated, their expression of somatostatin 
receptors reduces and they show reduced avidity on DOTATATE 
imaging. This change is associated with increasing proliferation 
rates and metabolic activity, which can be detected on FDG-PET 
imaging.42

Role of the GP in diagnosis of NENs
Given the high rates of delayed diagnosis and misdiagnosis, GPs 
can play a central role in the initial detection of NENs. The 
symptoms of NENs are nonspecific; however, clinical suspicion 
should be triggered if these common symptoms are unexplained, 
persistent or severe. First-line investigations that can be ordered 
include baseline biochemistry and structural imaging. Measure-
ment of serum chromogranin A and urinary 5-HIAA levels may 
be helpful, noting the significant chance of false-positive results 
caused by use of medications or other medical conditions. Depend-
ing on the results, the patient may require bronchoscopy or 
gastroscopy and colonoscopy. Timely referral to the relevant 
specialist, such as a medical oncologist, respiratory physician, 
gastroenterologist or endocrinologist, should be considered. 
Optimal care pathways for patients with NENs in Australia were 
published in 2022 (www.cancer.org.au/health-professionals/
optimal-cancer-care-pathways; www.cancer.org.au/assets/pdf/
neuroendocrine-tumours-1st-edition).43

Management 
Given the complexity and heterogeneity of NENs, a multidisci-
plinary team approach is required for management, including 
medical oncology, radiation oncology, surgery, endocrinology, 
anatomical pathology, nuclear medicine and radiology.44 Special-
ised nursing staff play a key role in management. Psychosocial 
support through allied health services and psychologists can be 
key for patients with NENs who experience anxiety and depression 
around their diagnosis.45 Patient support and advocacy organi-
sations such as NeuroEndocrine Cancer Australia (NECA) may 
be helpful to patients and their carers (https://neuroendocrine.
org.au). 

Local disease 
The mainstay of treatment for local disease is surgical or endoscopic 
resection when possible, particularly in the setting of stage I to III 
disease. Recurrence rates after resection range from 10 to 26%. A 
study found the median disease-free survival for pancreatic NEN 
was 52.1 months for metastatic disease and 97.4 months for regional 
disease.46 Given the possibility of late recurrence, longer monitoring 
periods may need to be considered. 

Metastatic disease 
Hepatic metastases of NENs are common. Liver-directed therapies 
include ablation, transarterial embolisation and transarterial 
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cheomoembolisation.47 Selective internal radiation therapy with 
yttrium-90 or surgical resection can also be considered.48

Somatostatin analogues 
Somatostatin analogues such as octreotide and lanreotide were 
shown to reduce or stabilise the growth of NENs in the PROMID 
and CLARINET trials.49,50 Somatostatin analogues are the most 
commonly used first-line treatment for patients with grade I or II 
NET; however, alternatives should be considered for patients with 
more aggressive or higher-grade disease.51 Active surveillance can 
be considered for patients with low-volume and nonfunctional 
NENs. 

In the management of carcinoid syndrome, avoiding triggers and 
ensuring alternative contributors to diarrhoea have been managed 
are key. Somatostatin analogues such as octreotide and lanreotide 
can be used to reduce the severity of symptoms as well as improve 
urinary 5-HIAA levels. Adverse effects of octreotide and lanreotide 
are summarised in Table 3.52

Peptide receptor radionuclide therapy
The peptide receptor radionuclide lutetium (177Lu-DOTATATE) 
is used in treatment of patients with NETs. It targets the tumour 
with the combination of a radionuclide and a peptide somatostatin 
analogue that attaches to a surface receptor on the NET.53 Given 
the selectivity of this treatment for NETs, it is generally well 
tolerated. 

The NETTER-1 phase III trial concluded that peptide receptor 
radionuclide therapy effectively slows disease progression, provides 
symptom relief and reduces tumour size.54 This study included 
participants whose condition had progressed on octreotide treat-
ment. Most had undergone primary resection or had a grade 1 
tumour. The NETTER-2 trial showed that a peptide receptor 
radionuclide used as first-line treatment was associated with 
improved progression-free survival and objective response rate 
in patients with high-grade advanced gastroenteropancreatic 
NETs.55

Major adverse effects of peptide receptor radionuclide therapy 
include nausea, acute kidney injury, transient bone marrow sup-
pression, myelodysplastic syndrome and acute myeloid leukaemia.56 
Patient suitability for peptide receptor radionuclide therapy is 
determined by the degree of DOTATATE avidity of known tumour 
lesions. 

Molecular therapies
The molecular therapies sunitinib and everolimus have been used 
in patients with advanced NENs. Sunitinib is a small molecule 
tyrosine kinase inhibitor that blocks pathways that promote car-
cinogenesis in NENs, and everolimus is an inhibitor of mammalian 
target of rapamycin (mTOR). Improvements in progression-free 
survival but not quality of life were shown with sunitinib.57 The 
RADIANT-3 and RADIANT-4 trials compared everolimus with 
placebo and showed improved progression-free survival in patients 

with pancreatic NENS and gastrointestinal and lung NENs, respec-
tively. Adverse effects of sunitinib and everolimus are summarised 
in Table 3.58,59

Chemotherapy
Various chemotherapy regimens, such as capecitabine and temozolo-
mide (CAPTEM), carboplatin and etoposide or cisplatin and etoposide, 
can be used for patients with advanced NET and neuroendocrine 
carcinoma. Chemotherapy typically has greater efficacy against rapidly 
dividing tumours as opposed to the indolent pattern of growth typical 
of NETs.60 However, CAPTEM has been reported to be effective in 
patients with lower grade pancreatic NENs as well as grade 3 NENs.61

Surveillance 
Active surveillance with monitoring of biochemistry and imaging 
results can be considered in certain clinical scenarios, such as 
patients with small, nonfunctional and low-grade pancreatic or 
small bowel NENs.62,63 However, there are no consensus guidelines 
regarding the optimal imaging modality and frequency of moni-
toring, nor the role of chromogranin A measurement in this setting. 
The decision to pursue surveillance versus active treatment should 
also consider the patient’s treatment preference, tumour burden 
and comorbidities. 

Role of the GP in management of NENs
A shared care model for NENs includes specialist and primary care 
physicians in addition to specialty nurses and allied health profes-
sionals. The benefit of GP care for cancer survivors is well docu-
mented.64 GPs can monitor for adverse effects of treatment between 
specialist appointments. GPs also play a central role in communi-
cation with the patient and their family, as well as providing indi-
vidualised psychosocial support and referral to psychological and  
allied health services or support and advocacy groups. Resources 
on NENs for GPs and patients are listed in Box 2. 

Table 3. Adverse effects of common medications used to 
treat neuroendocrine neoplasms

Medication Class Adverse effects

Octreotide Somatostatin 
analogue

Injection site reactions, 
gastrointestinal effects, nausea, 
diabetes mellitus, cholelithiasisLanreotide

Sunitinib Tyrosine kinase 
inhibitor

Diarrhoea, nausea, fatigue, 
neutropenia, thyroid dysfunction, 
palmar-plantar erythrodysaesthesia 
(hand foot syndrome), hypertension

Everolimus mTOR inhibitor Stomatitis, rash, diarrhoea, fatigue, 
infections, diabetes mellitus, 
pneumonitis

Abbreviation: mTOR = mammalian target of rapamycin.

MAY 2024, VOLUME 13, NUMBER 2  EndocrinologyToday 11

Downloaded for personal use only. No other uses permitted without permission. © MedicineToday 2024. https://endocrinology.medicinetoday.com.au/et/2024/may



Prognosis 
A 2017 study in the US found the median overall survival across all 
NEN types and stages to be 112 months.65 However, the stage and 
grade of disease are the main determinants of survival, as observed 
in local and international studies.4,5 Low-grade disease may never 
recur after resection, whereas patients presenting with high-grade 
metastatic neuroendocrine carcinoma may have a significantly 
guarded prognosis.

Conclusion
NENs are a heterogeneous group of tumours affecting a wide range 
of body systems, which are increasing in incidence. Given the frequent 
delay between symptom onset and diagnosis, improved awareness 
of these conditions is key, to facilitate earlier diagnosis and optimise 
patient outcomes. Therapeutic options continue to evolve and include 
more targeted therapies that reduce adverse effects and maximise 
outcomes for patients.� ET
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2. Resources on neuroendocrine neoplasms for general
practitioners and patients 

For general practitioners
•	 Optimal care pathway for people with neuroendocrine tumours. 1st 

ed (2022) (https://www.cancer.org.au/assets/pdf/neuroendocrine-
tumours-1st-edition) 

•	 NeuroEndocrine Cancer Australia resources for health professionals 
(https://neuroendocrine.org.au/forhealthprofessionals/)
–	 RACGP-accredited education modules on detecting 

neuroendocrine cancers (https://neuroendocrine.org.au/ 
neuroendocrine-tumour-education-course/)

–	 NET-specific information for healthcare professionals

For patients 
•	 NeuroEndocrine Cancer Australia (https://neuroendocrine.org.au/

for-patients/)
–	 NeuroEndocrine tumours: a guide for patients 

(https://neuroendocrine.org.au/wp-content/uploads/2023/06/
N7051-UFD-NETs-forpatients_FINAL-LR25080.pdf)

–	 Links to patient and carer support groups
–	 Fact sheets and booklets, patient stories
–	 Information on Australian NET specialists and clinical trials
–	 Telephone hotline with a NET nurse (1300 287 363)
–	 Online education program ‘Living with NETs’

Abbreviation: NET = neuroendocrine tumour.
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