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Endocrinology: Neuroendocrine neoplasms
Introduction: the nomenclature is a mess
-

-

-

-

In clinical medicine, tumors of the endocrine system are divided into the “classical
endocrine glands” and the “diffuse neuroendocrine glands”. This is an unfortunate
classification system that has an historical basis. The “classical” system really refers to
the grossly obvious, discrete glands, such as the anterior pituitary, thyroid, adrenal and
parathyroid glands. The pancreatic islets cells are scattered throughout the pancreas
and so they are either placed in the classic endocrine system as “islet cell tumors” or
with the pancreas as the “endocrine pancreas”.
The term “neuroendocrine” was first used to describe carcinoid tumors. Over time, it
became recognized that they could arise from gut or lung and then that they were part
of the spectrum of neoplasms that included small cell carcinoma of lung. Carcinoid
tumor and small cell carcinomas then became classified as neuroendocrine tumors
(NET) and neuroendocrine carcinomas NEC), respectively. NETs and NECs are
differentiated by behavior. As it became clear that there were many unique endocrine
tumors that derived from cells scattered throughout the gut, these got added to the
neuroendocrine family.
A second family of neuroendocrine tumors is derived from neural crest cells, which are
all regulated by the RET gene (see below).
Pathologists identify neuroendocrine tumors by cell markers, the most important of
which is chromogranin. Chromogranin is a protein related to the formation of secretory
granules. It is found in endocrine cells of both neural crest and epithelial embryologic
origin (see below).
This is the current terminology:
o Endocrine tumors: Any tumor of the grossly identifiable glands
o Neuroendocrine: carcinoid tumors, pancreatic neuroendocrine tumors (formerly
known as islet cell tumors) and pheochromocytomas.

General principles
-

-
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An endocrine cell is any cell that secretes a product into the blood that acts on distant
cells. This means that there many endocrine cells in the body and each
has a neoplastic counterpart. The neoplasms are characterized by
their unique proteins and other products. For example, C cells of the
thyroid (medulloblastoma) make calcitonin and cells of the adrenal
medulla make catecholamines.
To be “functioning”, an endocrine neoplasm must make its particular
hormone. This hormone can be detected in the cell or in the blood.
Only completely dedifferentiated neoplasms fail to make any
hormone.
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Production of a hormone by a neoplasm does not mean that it will cause symptoms. To
be symptomatic, the blood level of the hormone must exceed a clinically significant
threshold.
“Functioning” ≠ “Symptomatic”

-

Endocrine tumors divide into two embryologic groups:
• Neural crest tumors
 These are all regulated embryologically by the RET gene and include:
a. Sympathoadrenal origin:
o Pheochromocytomas and ganglioneuromas
o Neuroblastomas
b. Melanocyte origin: Melanomas
c. Schwann cell origin
o Neurofibromas
 NF type 1 (von Recklinghausen disease)
Hirschsprung disease
• Loss of function (LOF) in neurofibromin (GTPase
A loss of function in the RET
activator that inhibits RAS)
gene is thought to account for
the failure in migration of the
• Neurofibromas, Lisch nodules in the eye, skin
myenteric plexus cells.
and bone abnormalities
o Schwannomas
 LOF of merlin, a promoter of cell contact inhibition
and cell-cell adhesion
 Bilateral schwannomas of CN VIII
 These are the tumors of multiple endocrine neoplasia (MEN) Types IIa
and IIb.
• These all have gain of function mutations in the RET gene. While
parathyroid cells are not neural crest in origin, they derive from
the branchial arches, which express RET in their development.
• Epithelial endocrine tumors
 Epithelial cells derive from the endoderm and ectoderm.
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These are associated with MEN type I. These have a defect in the tumor
suppressor protein menin, an acronym for “multiple endocrine neoplasia
inhibitor”.
Epithelial cells are characterized by their:

-

-

-
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Tight cell-cell adhesion
• Adherens junctions through epithelial cadherins (E-cadherin)
• Tight junctions through claudins
Polarity (i.e. an apical and basolateral orientation)

Proliferations of both types of endocrine cells have one of three pathologies:
1. Hyperplasia:
 In the endocrine system, this is a term used to describe enlargement of
the entire gland, due to both an increase in the number of cells and/or an
increase in their size. If there is more than one gland for that system,
then they all undergo the same enlargement. In the parathyroid glands,
all 4 glands are enlarged; in the adrenal gland, both glands. In the thyroid
gland, the proliferation is uneven, and so it has the historically given
name of multinodular goiter (i.e. the uneven growth gives a “bumpy”
appearance of nodules and goiter refers to any increase in the size of the
thyroid).
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Endocrine hyperplasias can be physiologic, for example, the 2°
hyperparathyroidism of chronic renal failure, or neoplastic, such as the
parathyroid hyperplasia of MEN Type I.
2. Adenoma
 In the endocrine system, these are considered to be benign neoplasms.
They are identified by their gross appearance of a discrete mass, with a
capsule and compression of the surrounding normal tissue
3. Carcinoma
 These are true malignancies, with the ability to invade and metastasize.
The MEN syndromes can result in any of these pathologies.


-

Diagnosis of Endocrine Hyperplasias and Neoplasms
-

Endocrine neoplasia becomes evident either because of a mass effect (i.e. palpation or
compression of local structures) or symptomatic hormone synthesis.
Hyperplasias are identified by their involvement of all glands in that system and the uniform
proliferation of tissue throughout the entire gland(s).
Adenoma versus carcinoma
o The cytologic appearance of neoplastic endocrine cells does not predict the
neoplasm’s aggressiveness. Anaplastic cells can behave in a benign fashion, while
bland cells can invade and metastasize.
o This means that evaluation of endocrine neoplasms must be assessed by behavior. A
neoplasm can only be called malignant if it shows invasion or metastasis.
o To assess behavior, the pathologist must have the entire mass. Fine needle aspirate
(FNA) will not be diagnostic. For example, a thyroid follicular adenoma cannot be
differentiated from follicular carcinoma. A typical FNA report will read, “Follicular
Lesion of Undetermined Significance”.
o Follow up will require surgical excision of the thyroid mass.

Pancreatic neuroendocrine tumors (PNET, aka islet cell tumors)
-

-
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These can also be called gastro-entero-pancreatic neuroendocrine tumors because they
can be found throughout the foregut. For example, 60% of gastrinomas are found in the
duodenum.
PNET (also abbreviated as PanNET) have a clinical classification, depending on whether
or not they are symptomatic. Non-functioning tumors are called PNET together with
their grade (low grade or high grade). If they have hormonal symptoms, then the clinical
syndrome, insulinoma, gastrinoma etc., is added after the pathologic description.
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Poorly differentiated, aggressive neuroendocrine tumors are designated as
neuroendocrine carcinomas.
Epidemiology:
• Rare tumors, they are <3% of pancreatic neoplasms
• Associated hereditary syndromes:
 MEN type 1 (80% develop PNET)
 Von Hippel-Lindau syndrome (20% develop PNET)
 Neurofibromatosis type 1 (10% develop PNET)
Presentation:
• Non-functioning: pain, weight loss, anorexia & nausea
• Functioning:
NET
Active
Location
Behavior
MEN1 Symptoms
peptide
%
Insulinoma
Insulin
Pancreas
Indolent
10
Hypoglycemia
Gastrinoma
Gastrin
Duodenum Aggressive 40
PUD2, diarrhea
(70%)
Glucagonoma Glucagon Pancreas
Aggressive <2
Rashes, weight loss
VIPoma
Vasoactive Pancreas
Aggressive <2
Diarrhea,
intestinal
hypokalemia
peptide
1. Multiple endocrine neoplasia, 2. Peptic ulcer disease

•
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Insulinoma
o Presentation: hypoglycemia
 Neurologic symptoms: confusion, seizure,
loss of consciousness
 Adrenergic (from sympathetic
postganglionic neurons)
• Palpitation, tremor, anxiety
 Cholinergic (from sympathetic
postganglionic neurons)
• Sweating, hunger, paresthesias
o Investigation of hypoglycemia

Whipple’s Triad
Investigate for hypoglycemia
is indicated with:
1. Typical neuroadrenergic
symptoms
2. Serum glucose <50mg/dL
3. Symptoms relieved by
glucose
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•

Note that symptoms must be present during the period of
hypoglycemia.
Imaging is not indicated until there is laboratory evidence of an
insulinoma

Gastrinoma
o Presentation:
 Zollinger-Ellison syndrome: peptic ulcer disease/abdominal
pain, esophageal reflux, diarrhea
o Diagnosis:
 Hypergastrinemia with a gastric pH <2 (low pH helps to rule
out a physiologic gastrin response)
• Gastrin level does not rise with secretin stimulation
 Imaging for tumor mass (endoscopy, CT scan)
• 70% of tumors are found in the duodenum.

Pheochromocytomas
-
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Catecholamine secreting tumors that arise in the adrenal medulla are called
pheochromocytomas.
• Catecholamines stain brown with chromium, and so these cells also have the
historical name of chromaffin cells (for chromium affinity).
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Histology of the autonomic nervous system
-

-

-

-

-

-

Ganglion: any nerve cell whose body lies outside of the brain or spinal cord.
These compose the sympathetic chain
Paraganglion: a ganglion cell beside the ganglion chain.
o Sympathetic paraganglia: produce catecholamines (aka chromaffin cells).
The adrenal medulla has the largest aggregate.
o Parasympathetic paraganglia: chemoreceptors (e.g. carotid and aortic
bodies). Composed of glomus cells, they are chromaffin negative.
Pheochromocytomas are paragangliomas that secrete catecholamines.

Pathophysiology
• 40% are related to a familial mutation:
 MEN 2 (50% develop a pheochromocytoma)
 VHL (10-20% develop a pheochromocytoma)
 NF 1 (3% develop a pheochromocytoma)
• 10% are malignant
Presentation:
• 60% are now identified as incidentalomas during abdominal imaging
• Classic triad:
There is no need to investigate a
 Headache
patient who does not have at least
 Palpitations
one of these findings
 Sweating
• Hypertension (episodic or constant)
Diagnosis:
• Biochemical: there is no consensus, but some combination of urine or plasma
catecholamines or their metabolites (metanephrines)
• Imaging for adrenal medullary mass
• Investigation of familial origin
Treatment:
• Surgical excision
Pheochromocytoma Paroxysm
Pheochromocytomas can suddenly release catecholamines and precipitate a hypertensive
crisis (i.e. BP >180/120 with organ damage). Prevention requires blockade of α adrenergic
receptors. A week before surgery, phenoxybenzamine is started and blood pressure
normalized. Only after this are β blockers given to regulate heart rate.
β blockers are never given first as this gives unopposed α adrenergic receptors and may
precipitate the hypertensive crisis.
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Carcinoid tumors (aka neuroendocrine tumors of the tubular GI tract and lung)
-

-

-
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Introduction: the nomenclature is still a mess
• Carcinoid tumors describe a phenotype of neoplasm that has a characteristic
microscopic appearance and secretes vasoactive amines and peptides like
serotonin. They all have markers related to secretory granules, such as
chromogranin and synaptophysin.
• Carcinoid tumors are found in all organs, but most commonly lung and tubular
GI tract.
• While the term “carcinoid” is still widely used, there is a strong movement to
call them well-differentiated neuroendocrine tumors (NET). If they have
aggressive behavior (i.e. invasion and metastasis), then they are called
neuroendocrine carcinomas (NEC). NEC is proposed to be a replacement term
for small cell carcinoma.
• The term carcinoid is usually identified with the organ in which it arises. The
most common usage is:
 Gastro-entero-pancreatic NET
a. Carcinoid: NET of the GI tract
b. PNET in the pancreas
 NET of lung
Pathophysiology
• The cell of origin is not well defined and probably varies in different organs.
• Behavior depends on stage and grade. It is widely variable and difficult to
predict by microscopy.
Presentation
• As with all endocrine tumors, presentation is by local effect (i.e. invasion) or
hormone secretion (i.e. paraneoplastic)
• Lung:
 Presentation:
a. Wide variation in clinical behavior, from benign tumorlets found
as incidentalomas, to small cell carcinoma, with aggressive spread
and early metastasis. (SCC is discussed in Lung: Cancer)
b. Most occur in proximal airways and so present as a cough,
wheezing or hemoptysis
 Diagnosis
a. Imaging
b. Biopsy of mass (endobronchial biopsy at bronchoscopy or FNA)
 Treatment & Natural history
a. Well differentiated NET (aka typical carcinoids) have a 5 year
survival >95% and a 10 year survival >80%.
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b. Moderately differentiated NET (aka atypical carcinoids) have a 5
year survival of about 50%
Tubular GI tract:
 Carcinoid tumors can occur anywhere along the GI tract but are most
commonly found in the appendix.
 The most aggressive carcinoid tumors of the GI tract are found in the
distal small bowel.
 Pathophysiology
a. All carcinoid tumors have secretory granules, but 10% of tumors
secrete enough hormone to cause clinical symptoms.
b. Carcinoid syndrome only occurs with liver metastasis. This allows
for tumor secretion directly into the hepatic vein, bypassing
hepatocyte metabolism of the serotonin.
o There is fibrosis of the right side of the heart, leading to
valvular dysfunction.
 Presentation:
a. Local effect: usually obstruction or blood loss, the same as a
typical adenocarcinoma
b. Carcinoid syndrome
o (<10%), only after hepatic metastasis (see above)
o Symptoms:
 Cutaneous flushing (seen in 85%, upper body, lasts
up to 30 minutes)
 Diarrhea (seen in 80%, watery, up to 30 times/day)
 Bronchospasm (seen in 10-20%)
o Signs:
 Jugular venous distension: due to regurgitation of
tricuspid and pulmonic valves (seen in 50%).
 Diagnosis:
a. Imaging: Tumor localization and staging. Carcinoids are often
multiple in the GI tract.
b. 24 hour urine 5’ HIAA. This is the major metabolic product of
serotonin.
 Treatment & Natural history:
a. Treatment: surgical resection.
b. Natural history is highly variable. Prognosis is best estimated by
tumor grade and stage.

Multiple endocrine neoplasia
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A group of hereditary diseases with proliferations in multiple endocrine glands. This
proliferations include hyperplasia, adenomas and carcinomas.
• Hyperplasias often precede the neoplasias.
• Neoplasia occur at an age 10-20 years earlier than sporadic neoplasms
• MEN carcinomas have a generally more aggressive behavior.

MEN type 1
-

-

An autosomal dominant defect in the tumor suppressor protein menin (for multiple
endocrine neoplasia inhibitor). The function of menin is not well understood.
Defined by the occurrence of tumors in 2 of 3 glands: parathyroid, pituitary and
pancreatic islet cells (although most gastrinomas occur in the duodenum).
Most commonly presents as 1° hyperparathyroidism, with 100% penetrance by age 50.
• Usually MEN type 1 involves multiple glands, unlike sporadic 1°
hyperparathyroidism, which is 90% isolated parathyroid adenomas.
Pituitary adenomas, seen in 20% of MEN type 1, usually secrete prolactin
Gastro-intestinal-pancreatic NET are seen in 30% of MEN 1.
• Most secrete gastrin, causing Zollinger-Ellison syndrome.
• Surgical treatment is usually unsuccessful as there are numerous small tumors
throughout the duodenum.

MEN type 2A and 2B
-

-

-

-
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MEN type 2 is an autosomal dominant disease with a gain of function mutation in the
RET receptor.
• The RET gene is responsible for neural crest cell migration. While the
parathyroid glands are of epithelial origin (i.e. not neural crest), they arise in
the branchial clefts that are regulated by the RET gene.
MEN type 2A
• Characterized by:
 Parathyroid hyperplasia
 Pheochromocytomas
 Medullary carcinoma of the thyroid C cells
MEN type 2b
• Characterized by:
 Pheochromocytoma
 Medullary carcinoma of the thyroid C cells
 Multiple mucosal neuromas and intestinal paragangliomas
 Marfanoid body habitus
Screening for germline mutations in carrier families is indicated so that prophylactic
thyroidectomy can be performed.
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Remembering the MEN Syndromes
MEN 1……………. ”3 P’s”
•
•
•

Parathyroid (90%)
Pancreatic NET (gastrinoma)
Pituitary adenoma (prolactinoma)

MEN 2A……….....”2 P’s”
•
•
•

Medullary carcinoma of thyroid (100%)
Pheochromocytoma (50%)
Parathyroid (25%)

MEN 2B…………..“1 P”
•
•
•
•
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Medullary carcinoma of thyroid (100%)
Pheochromocytoma (50%)
Mucosal neuromas
Marfanoid habitus

© 2020, ClinicoPath LLC. All rights reserved.

