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Multiple Endocrine Neoplasia type 1 (MEN-1)

MEN-1 is inherited as an autosomal dominant disorder (1) (2). It has a prevalence of 2–3 per 

100,000 (3) and is reported to be present in 0.22–0.25% of autopsies (4). The gene causing 

MEN-1 is located on the long arm of chromosome 11 (11q13) (5) (6) and is composed of 10 

exons (9 coding) (2) (4). The MEN-1 gene is a tumor suppressor gene. It encodes a 610 

amino acid nuclear protein called menin. Abnormalities of this gene result in mutations, 

deletions, and/or truncations of the menin protein (4) (7,8). The exact mechanism by which 

alterations of menin result in endocrine tumors is still unclear. Menin interacts with a large 

number of proteins many of which have important roles in transcriptional regulation, 

genomic stability, cell division and cell cycle control (2) (4) (7,8). The crystal structure of 

menin supports its role as a key scaffolding protein that regulates gene transcription (9) (10).

Patients with MEN-1 usually develop primary hyperparathyroidism (HPT) as the initial 

disorder of the syndrome (90–100%) (1) (11) (12) (13), followed by pancreatic 

neuroendocrine tumors (pNET) that can either be functional (20–70%), of which gastrinoma 

is the most common, or nonfunctional (80–100%), pituitary adenomas (20–65%), adrenal 

tumors (10–73%) and thyroid adenomas (0–10%) (2) (14) (12) (15). Patients with MEN-1 

also have a high occurrence of other endocrine and non-endocrine tumors including 

carcinoid tumors (thymic 0–8%, gastric 7–35%, bronchial 0–8%, and rarely intestinal), skin 

and subcutaneous tumors (angiofibromas 88%, collagenomas 72%, lipomas 34% and 

melanoma), central nervous system tumors (meningiomas, ependymomas and schwannomas 

0–8%) and smooth muscle tumors (leiomyomas and leiomyosarcomas 1–7%) (2) (15) (16) 

(17) (18) (19) (20) (21) (22) (23) (24) (25) (26). In early studies thyroid disease was also 

reported in MEN1 patients but in a recent cross-sectional study of 95 MEN1 patients (27), 

the rate of coourrence of a thyroid incidentoma was the same as matched non-MEN1 

patients (45% vs 51%), respectively. In addition, other nonendocrine malignant tumors are 

also being reported to occur in MEN-1 (11). These include lymphomas, renal cell cancer, 
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melanoma, leiomyosarcoma, thrombotic thrombocytopenia purpura, myeloma, ovarian 

tumors, gastrointestinal stromal tumor (28), seminoma, chondrosarcoma, mesothelioma and 

thymomas (11) (29) (30) (31) (32) (33) (34) (35) (36,37). However, whether the incidence of 

these nonendocrine tumors is truly increased or not is unclear.

Early Diagnosis of MEN-1

Before MEN-1 can be diagnosed it must be suspected. Suspicion should be raised in any 

patient with a family history of endocrine tumors of the pancreas, family members with 

pituitary or parathyroid disease or a family history of endocrinopathy; in patients with renal 

colic with NETs; in any patient with ZES (20–25% have it as part of the MEN-1 syndrome); 

with a young age onset of a functional pNET; with multiple pNETs; with 

hyperparathyroidism with multiple gland involvement or with hyperplasia or with a pNET 

associated with hypercalcemia or another endocrinopathy (1,2). In most patients (83%) 

MEN1 clinically presents after age 21 (38). In the 17% of patients with MEN1 presenting at 

<21 years, which should lead to suspicion of the diagnosis, the most frquent abnormalities 

were hyperparathyroidsm (75%), pituitary adenoma (34%), insulinoma (12%), nonfunctiona 

pNET (9%) and gastrinoma (2%) (38). Genetic screening for MEN-1 is recommended when 

an individual has 2 or more MEN-1 related tumors, multiple abnormal parathyroid glands 

before age 30 years, recurrent HPT at a young age, gastrinoma and hyperparathyroidism 

(HPT) or multiple pNETs at any age, plus a family history of kidney stones or endocrine 

tumors that are part of the syndrome (39,40). Genetic testing includes sequencing of the 

entire coding region of the MEN-1 gene (exons 2–10) and identifies mutations in about 80% 

of patients with familial MEN-1 (1,41,42) (Table 1).

Parathyroid disease in MEN-1

Primary hyperparathyroidism (HPT) is the most common endocrine abnormality in MEN-1. 

It reaches nearly 100% penetrance by the age of 50 years. HPT is usually the first 

manifestation of MEN-1 with a typical age of onset of 20–25 years. Decreased bone density 

and kidney stones are common. HPT often occurs at the same time as Zollinger-Ellison 

syndrome (ZES) and surgery to correct the HPT greatly ameliorates the clinical findings of 

ZES (43) (44). As in sporadic cases, biochemical testing for HPT is critical to the diagnosis 

(45) (46). Total or ionized serum level of calcium and intact serum parathyroid hormone 

levels are measured and both should be elevated. 24 hour urinary calcium should also be 

measured and will be elevated. Opinions differ as to the timing of parathyroid surgery in 

MEN-1 as well as to the type of operation that should be performed. Early surgery may 

delay the lifetime exposure to the biochemical manifestations of HPT, while waiting until 

the parathyroid glands enlarge may make the operation easier. Patients with MEN-1 and 

HPT typically have multiple abnormal glands. The tumors are asymmetric in size and should 

be considered as independent clonal adenomas (47). Imaging studies are not useful for initial 

operations because all four parathyroid glands must be identified, but are necessary and very 

useful in reoperations (Figure 1). Some have recommended in MEN1 patients a minimally 

invasive parathyroidectomy should be considered with selective removal of only the 

enlarged glands while others recommend subtoal parathyroidectomy (3.5 glands removed) 

or a total parathyriodectomy with inplant (13,40–48), The current operation that is 

recommended by most experts is a subtotal parathyroidectomy (3 and ½ gland resection) 
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with removal of the cervical thymus. Intraoperative parathyroid hormone level monitoring is 

recommended to be certain that sufficient abnormal parathyroid tissue has been removed 

(45) (48). A viable 50 mg amount of normal parathyroid tissue should be left in the neck and 

marked with a hemoclip. Total parathyroid resection and transplantation of parathyroid 

tissue to the non-dominant forearm used to be recommended, but it has been shown to have 

too high an incidence of hypoparathyroidism due to graft failure (49). Because of the 

multiple abnormal parathyroid gland nature of this disease, there is a high probability of 

recurrent HPT years after surgery if less than 3 and ½ parathyroid gland resections are 

performed (50). Patients should be followed for this possibility. Calcium-sensing receptor 

agonists (calcimimetics) are a new class of drugs that can act directly on the parathyroid 

gland, decrease PTH release, and may even decrease parathyroid tissue growth. A small 

number of patients with MEN1 and hyperparathydoidism have been treated with the calcium 

sensing receptor agonist, cinacalcet and it has been effetive in control the 

hyperparathyroidism (51,52). These agents may play an important role in the management 

of these patients in the future (53). Parathyroid carcinoma has been reported in patients with 

MEN1 (54,55), however it is uncommon, occuring in only 0.28% of all MEN1 patients, and 

the clinical presentation is similar to that seen in patients without MEN1 with parathyroid 

carcinoma (55). Patients with MEN1 commonly develop bone disease with osteoporosis 

thought secondary to the hyperparathyroidism (56) (57). However, recent studies show that 

menin has important effects in bone particularly in regulating osteoblast activity which plays 

a key role in bone deveopment, remodeling and maintenance (58). Some MEN1 patients 

require multiple re-operations to control the recurrent or persistent hyperparathyroidism and 

reoperation can be difficult and associated with increased morbidity. Recently ethanol 

ablation of abnormal parathyroids (59) has been described to be able to successfully control 

the hyperparathyrroidsm in such patients with MEN1 with a low rate of hypocalcemia and 

no permanent complications.

Pituitary Tumors in MEN-1

Anterior pituitary adenomas are the initial clinical manifestation of MEN-1 in 25% of cases 

(2,8). Its prevalence in MEN-1 is between 20 and 60% and in a recent study of all patients 

(N=144) with pituitary adenomas seen in one institution over a 6 year period, 7.7% had 

MEN-1 (60). Most of these anterior pituitary tumors are microadenomas (<1 cm in 

diameter). Every type of anterior pituitary tumor has been reported to occur in MEN-1 with 

the most common being a prolactinoma. Screening for anterior pituitary tumors requires 

measuring serum levels of prolactin, IGF-1 and magnetic resonance imaging of the pituitary. 

Patients should be questioned for loss of peripheral vision. Visual fields are assessed 

formally, if any suspicion of change or there is evidence of a pituitary tumor. Because these 

tumors occur in patients of child-bearing age, undiagnosed pregnancy may cause a 

confusingly elevated prolactin level. Treatment of pituitary tumors in MEN-1 is the same as 

sporadic pituitary tumors. Bromocriptine and cabergoline are used to treat prolactinomas. 

Octreotide and lanreotide are used to treat growth hormone secreting tumors. 

Transsphenoidal surgery is the treatment of choice for discrete pituitary microadenomas or 

macroadenomas and may be curative. The major surgical morbidity of transphenoidal 

hypophysectomy is permanent diabetes insipidus. Even in patients who are successfully 

treated, long-term follow-up is indicated because tumors may recur.
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pNETs in MEN-1

The prevalence of pNETs in MEN-1 is between 30–75% clinically and 80–100% in post-

mortem studies (2,11,61). The pathology of pNETs in MEN-1 is typically multicentric and 

multifocal with multiple endocrine tumors throughout the pancreas and the duodenum in 

patients with MEN-1/ZES (Figure 2). Unfortunately the only reliable method of establishing 

the presence of pNETs in MEN1 patients not associated with a clinical syndrome (NF-

pNETs) is to perform detailed imaging studies. Although NF-pNETs can secrete a number 

of peptides includng chromogranin A, neuron specific enolase, pancreatic polypeptide, 

neurotensin or ghrelin, these don’t result in a distinct clincial syndrome and a recent study 

demonstrates their assesmment in plasma in MEN1 patients has low diagnostic accuracy for 

NF-pNETs (62). The frequency with which pNETs are detected by imaging depends to a 

large extent on the imaging modality. Cross-sectional imaging studies (CT, MRI, 

transabdominal ultrasound) frequently (35%) miss tumors <2 cm, octreoscan misses 25–

30% <1 cm, 68Ga-DOTATOC/PET misses 20–30% <0.5 cm and endoscopic ultrasound 

(EUS) can detect pNETs down to 0.1–0.2 cm (63). 68Ga-DOTATE is less available than 

octreoscan but is more sensitive and frequently images more tumors than octreoscan (Figure 

1). Studies in MEN-1 patients show that EUS is the most sensitive single modality to detect 

pNETs (64). In one recent comparative study (65) EUS was markedly superior to 11C-5-

HTP scanning, somatostatin receptor scintigraphy and CT/MRI for the detection of 

pancreatic NET. However in another recent prospective study, the findings of MRI and EUS 

were complementary in MEN-1 patients for the detection of pNETs (66). Tumors vary from 

microadenomas, to adenomas, to carcinomas (Figure 2) with lymph node and liver 

metastases. The most characteristic MEN-1 pancreatic lesion on pathology studies is the 

presence of diffuse microadenomatosis (<0.5 mm) (67–69). Molecular studies in multiple 

pNETs or gastrinomas from MEN-1 patients assessing loss of heterozygosity at various loci 

and X-chromosome inactivation studies demonstrate that the multiple pNETs arise as 

independent events (70). Whereas microadenomatosis of the pancreas is almost invariably 

seen, in various studies only 0–13% of MEN-1 patients are reported to develop large (>2 

cm) and/or symptomatic NF-pNETs (2), with many patients not developing larger pNETs 

even over long periods of time. At present the molecular events that lead to this variability in 

growth of pancreatic microadenomas in different MEN-1 patients are unknown and there are 

well-established predictive factors, requiring sequential imaging as the only means to 

evaluate the growth over time (2,71). Most studies in MEN1 patients show no genotype 

phenotype correlations (72) (73), however a few recent studies have reported various MEN1 

gene muations more frequently in patients with aggressive tumors or with decreased 

survival, however they are not widely used or generally established for clinical use. These 

include inactivating mutations of MEN1 gene, presence of exon 2 or nonsense/frameshift 

muatation in exon 2,9,10; the presence of mututions affecting the June D interacting domain 

and presence of mutations affecting the checkpoint kinase 1 interacting domain (74–76). 

Islet cell hyperplasia is rare. Duodenal gastrinomas in MEN-1 are usually small (<1 cm), 

submucosal, and multifocal (77–80) and as seen in sporadic ZES, occur primarily in the 

proximal duodenum (81,82). Lymph node metas5tases occur in 45–95% of both duodenal 

and pancreatic gastrinomas demonstrating that they are equally malignant, however, liver 

metastases occur less frequently in patients with duodenal than pancreatic NETs, 

demonstrating that they are not equally aggressive (2,83). pNETs contain in decreasing 
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frequency chromogranin A, pancreatic polypeptide, glucagon, insulin, proinsulin, 

somatostatin, gastrin, vasoactive intestinal polypeptide, serotonin, calcitonin, growth 

hormone releasing factor, and neurotensin (2,84). Just because tumors may stain positive for 

these hormones by immunohistochemistry does not mean that they are associated with a 

clinical syndrome (2,84,85). A functional pNET, by definition, demonstrates excessive 

secretion of hormones associated with symptoms of hormonal excess (86,87). Malignant 

pNETs are rare prior to the age of 30 years; however, 50% of middle age MEN-1 patients 

have evidence for a malignant pNET. A prospective study in patients with MEN-1/ZES 

demonstrated that 14% of all patients had pNETs/gastrinomas demonstrating aggressive 

growth which was associated with decreased survival (88), which is a lower rate than seen in 

patients with sporadic ZES, wherein 25% are reported to show an aggressive growth pattern 

(89).

One of the most significant controversies concerning patients with MEN-1 is the role of 

surgery in the management of various aspects of pNETs (2) (1) (90) (91) (92) (83) (93) (80) 

(94). Almost all agree that surgical resection should be undertaken for MEN-1 patients who 

develop insulinomas (18%), or other rare functional pNETs such as VIPomas, 

glucagonomas, GRFomas (<5%), or very rarely functional somatostatinomas (<1%). 

However, there is no agreement on surgery’s role in patients with the most frequent 

functional pNET, gastrinomas causing the Zollinger-Ellison syndrome, that occur in 54% of 

patients or nonfunctional pNETs (NF-pNETs) that develop in 80–100% of patients (2) (1) 

(95) (96) (97) (98) (99) (100) (101). There are several reasons for this controversy. In 

contrast to patients with insulinoma or the other rarer functional pNETs, in which surgery is 

frequently curative, (2) (1) (100) (101)surgery for patients with MEN-1 with ZES or with 

NF-pNETs is seldom curative. Therefore, surgical interventions must be carefully 

considered in a true risk benefit analysis. This risk benefit ratio is difficult to calculate for a 

number of reasons. A primary factor is that the natural history of patients with ZES, pNET 

and MEN-1 is changing and largely unknown (1) (11) (Figure 3). In early series, before 

effective medical control of gastric acid hypersecretion due to ZES existed, most MEN-1 

patients died from the complications of the uncontrolled acid hypersecretion (23) (102) 

(103) (Figure 4). With the development of effective medical therapies (Histamine H2-

receptor antagonists-1970–80s, PPIs-1985-present) the gastric acid secretion became an 

uncommon cause of death (<20 %) (2) (11) (104) (11) (Figure 4). In contrast, death from the 

malignant behavior of a NET has increased in frequency to >60% in recent series (11) (105) 

(106) (107) (86) (Figure 4). Patients with MEN-1 are now living longer (mean age death- 

55–60) (Figure 3) (11) (105) and the death rate from other malignant tumors is increasing 

(11). This is particularly true of thymic neuroendocrine tumors (carcinoids). Currently, 

thymic carcinoids are the cause of death in approximately 10–25% of MEN-1 patients (106) 

(11). These are the most lethal NET in MEN-1 (11) (18) (108) (23). Further, a wide range of 

other tumors are increasingly reported in MEN-1 patients. Even though malignant 

neuroendocrine tumors are reported as a cause of death of MEN-1 patients in various series, 

the exact source of the metastatic NET is usually not clearly established. This is illustrated 

by the fact that a given patient may have a pNET and a carcinoid tumor (gastric, thymic or 

pulmonary) so the source of the metastatic disease is unclear. This consideration is further 

complicated by the fact that small NF-pNETs have an excellent long term survival (2) (11) 
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(90) (83) (92) and in fact, their survival is not different from patients without pNETs (90) 

(99). An additional factor affecting the role of surgery is the fact that patients with MEN-1 

and pNETs may have life-threatening symptoms secondary to unregulated hormonal 

overproduction of the tumor. Examples include peptic ulcer disease and diarrhea secondary 

to gastrinoma, hypercortisolism secondary to ectopic ACTH secretion, and hypoglycemia 

secondary to an insulinoma. In the past surgery was frequently the only hope to ameliorate 

and control these symptoms. However, effective drugs can control these symptoms making 

surgery less necessary. Specifically, PPIs can control acid hypersecretion in all MEN-1/ZES 

patients (104), long acting somatostatin analogues can control severe diarrhea in VIPoma 

and necrolytic migratory pruritic rash in glucagonoma (109) and diazoxide can control 

hypoglycemia in insulinoma (2) (86) (87) (110). Lastly, surgery may be associated with both 

short-term and long-term complications that may result in morbidity and mortality. For 

example, some studies suggest that patients with MEN-1 have an increased incidence of 

diabetes mellitus (11) (111) (112) and that pancreatic resections exacerbate this condition 

(113). Furthermore, since microscopic pNETs are almost invariably left in the pancreas, 

curative surgery may require a total pancreatectomy, which can result in a greatly impaired 

quality of life and difficult management course. Each of these factors (unknown natural 

history, low cure rate without aggressive surgery, excellent prognosis for small pNETs-in 

MEN-1/ZES-NF-pNETs, good medical control of functional pNETs, short/long-term 

surgical side-effects) has made it difficult to calculate the true risk benefit ratio of surgery 

for pNETs in patients with MEN-1. There are currently no clear markers that identify the 

cases that are at greatest risk for progression and death due to a malignant pNET. In recent 

studies a number of clinical/laboratory/tumoral features are reported to have prognostic 

value in MEN-1 patients (11,32,88,90). These include: the presence of thymic carcinoids, 

the presence of more than one functional hormonal pNET syndrome, need for >3 

parathyroid surgical procedures, presence of either liver metastases or distant metastases 

from the pNET, aggressive primary tumor growth (invasion into SMV, bile duct 

obstruction), large pNETs (>4 cm), pNETs with areas of poor vascular enhancement on CT 

(114), calcifications on CT (115) and serial imaging with evidence for progression by 

increasing tumor size or new lesions (11,23).

Gastrinomas (Zollinger-Ellison Syndrome, ZES) are the most common functional pNET in 

MEN1 (1,95). Recent studies show the duodenal, but not pancreatic gastrinomas develop by 

hyperplasia of duodenal G cells (116). With increasing hyperplasia and subsequent LOH at 

the 11q13 MEN-1 locus, duodenal micro-gastrinomas arise (116). ZES is diagnosed by 

demonstrating an elevated fasting serum level of gastrin (off proton pump inhibitors) with a 

concomitant increased gastric acid output (>10 mEq/hr). Correlates for a poor prognosis 

with MEN-1/ZES are pancreatic tail primary tumors, hepatic metastases, tumors that make 

both gastrin and ACTH, distant metastases and severe hypergastrinemia (defined as a level > 

3000) (11,88). Various surgical approaches have been performed in an attempt to cure 

MEN-1/ZES patients. However, MEN-1 patients typically have multiple, small duodenal 

gastrinomas associated with lymph node metastases in >50% of cases, (117,118) in addition 

to multiple pancreatic NETs, which are uncommonly the cause of the ZES (<15%) 

(79,81,119) (Figure 2). Almost all studies show that local removal of duodenal gastrinomas 

is associated with persistent ZES (1,5,119–123). However, Whipple 
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pancreaticoduodenectomy has been reportedly associated with biochemical cure 

(2,118,124,125) (126,127). This latter approach is controversial because the symptoms of 

ZES are well controlled with PPIs, studies show MEN-1/ZES patients have an outstanding 

long term survival on PPIs (up to 100% at 15 years) and the immediate and long term 

morbidity/mortality of Whipple procedure may be too great (2,83,99) (87). An argument for 

the more aggressive surgical procedure is that with even longer follow-up a higher 

percentage of these MEN-1/ZES patients develop malignant gastric carcinoid tumors that 

may also affect survival (Figure 5b) (107). Therefore, the surgical approach to these patients 

will likely remain controversial until more data on the natural history becomes available. 

Our approach, because of their excellent quality of life and outlook, is to currently 

recommend only local resection (excision of duodenal tumors and/or enucleation of 

pancreatic head tumors with lymph node sampling and distal pancreatectomy for body/tail 

tumors that are greater than 2 cm). Lymph node sampling is recommended because it has 

prognostic value (128–130) and perhaps can increase the cure rate. Although uncommonly 

curative, it is associated with acceptable morbidity and mortality and long-term tumor 

control and survival with high quality of life. If the patient has larger (>2–2.5 cm) pancreatic 

head tumors with positive lymph nodes, then we agree that more radical resection (proximal 

pancreaticoduodenectomy) may be considered in selected cases, although our usual 

operation is to locally resect these tumors and not to perform a pancreaticoduodenectomy 

(131). Our recommendations are consistent with those of both large neuroendocrine tumor 

society guidelines recently published [i.e., NANETs (127,132) and ENETs (87)] as well as 

the clinical practice guidelines for MEN-1 published by the Endocrine Society (1).

Insulinoma is the second most common functional pNET in MEN-1 (2,133,134) (131). 

Approximately 10–18% of MEN-1 patients will develop insulinoma and 5–10% of 

insulinomas occur in the setting of MEN-1. Insulinoma is the first manifestation of MEN-1 

in up to 10% of patients (2,135). Patients have hypoglycemia and neuroglycopenic 

symptoms (altered mental status and seizures). This characteristically occurs at a young age 

(<35 years). Fasting hypoglycemia (glucose < 45 mg/dl) and concomitant hyperinsulinemia 

(levels > 5 uU/ml) are diagnostic (86). Insulinomas are generally small (<2 cm) and 

distributed uniformly throughout the pancreas (1,135). Since patients with MEN-1 have 

multiple pNETS, it may not be clear which tumor is secreting the excessive insulin. 

However, studies have reported that the insulinoma in MEN-1 is most commonly a 

dominant (>2cm) pNET that is frequently identified by conventional imaging studies like 

CT or MRI, usually in the body and tail of the pancreas (100,136,137) (138). Medical 

control of the hypoglycemia is not as effective as that with other functional tumors making 

surgery more important for symptom relief. Insulinomas in the pancreatic body and tail are 

removed by a distal pancreatectomy. Tumors in the head are enucleated. Preoperative 

endoscopic and intraoperative ultrasound can provide precise localization of the tumor and 

may facilitate excision by imaging the relationship to the pancreatic duct. MEN-1 patients 

with an insulinoma and no imaging evidence of a dominant tumor, should undergo calcium 

angiogram (139,140). This will localize the section of the pancreas containing the insulioma. 

Surgical resection can usually be done laparoscopically if the lesion is well localized 

preoperatively. Patients need to be followed for subsequent development of recurrent tumor 

and hypoglycemia (135). In a recent study (141)of 73 MEN1 patients with insulinoma after 
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distal pancreatectomy (63%), total/cephalic pancreatectomy (12%) or eneucleation (25%), at 

a median followup of 9 years, 82% remained hypoglycemia free. The recurrence rate was 

higher with enucleation but the long term complication rate was much greater (43–55%) 

with resections than with enucleation (0%) (p=0.002) (141). This lead to the conclusion that 

while resection is associated with a lower recurence rate, enucleation alone may be an 

alternative because of its lower long term morbidity (141).

Nonfunctional pNETs (NF-pNETs) are a frequent problem in patients with MEN-1, 

occurring as microadenomas in 80–100% on pathology examination (Figure 2), in 25–60% 

by imaging studies and causing symptoms in up to 12% in different studies (2,90,99,142). 

For NF-pNETs in asymptomatic patients with MEN-1, there is controversy over the role of 

surgery, the timing of surgery and the type of surgery performed. Studies have demonstrated 

that patients with small NF-pNETs (<2 cm) have an excellent long term survival and in fact, 

it is the same as MEN-1 patients without any pNET (90) (99) (83). Several groups 

recommend to avoid surgery if the NF-pNET is < 2 cm or slowly growing (90) (99) (83,89). 

Others recommend surgery for tumors that are 1 cm (143) (144). Still others recommend 

routine surgery for all patients in whom a pNET is identified by any method, even if it is 

identified biochemically and not imaged (93). Another approach (145) (64) is to perform 

serial EUS on patients with small pNETs (<1–2 cm) and operate if growth occurs. At 

present there is no consensus as to what size or change in size should be used for 

intervention. This lack of consensus is due in large part to a lack of information on the 

natural history of NF-pNETs, especially those <1.5–2 cm in size that are asymptomatic. 

Recently a number of studies have attempted to address this question by following MEN1 

patients with serial EUS’s which have been shown to be reliable for assessing changes in 

pNET size (146) and to be able to detect additional small (<0.5 cm) new NF-pNETs as well 

as changes in existing NF-pNETs (64,71,147,148). These studies show that the majority of 

NF-pNETs<1.5/2 cm remain stable or even decrease in size, with most of the rest only 

increase in size slowly. At present too few patients have been studied in this manner to allow 

specific criteria about what rate of change or other alteration in the NF-pNET should lead to 

surgical intervention. It has been suggested that if change occurs biopsy may help identify 

which patients should undergo surgery. The goal of surgery in MEN-1 with NF-pNETs is to 

control tumor growth and prevent progression. Recent studies (11) (134) identify the 

following factors as suggestive of poor prognosis: higher fasting serum levels of gastrin, 

presence of more than one functional hormonal syndrome, need for >3 parathyroid surgical 

procedures, presence of distant metastases from pNET, aggressive primary tumor growth 

(invasion into SMV, bile duct obstruction), large pNETs (> 4 cm), pNETs with areas of poor 

vascular enhancement on CT (114), calcifications (115) imaging evidence of progression 

(11). Endoscopic ultrasound and fine needle or core needle biopsy can be especially useful 

for determining malignant potential by measuring Ki67 rate (Figure 2) (145) (66) (149) 

(127). Further, gallium 68 DOTATOC PET/CT can be used to better stage the true extent of 

tumor in MEN-1 patients (41). It is very usefulr because it is a sensitive whole body study 

and it may identify other primary NETs like pituitary, bronchus, thymus, stomach and ileum 

(150) (151) (152). It is more sensitive than octreoscan which uses 111In-labeled pentreotide 

with SPECT imaging (Figure 1). Ga 68 DOTATOC PET/CT was originally available only in 

Europe and now it is becoming available in the United States. The standard operation for 
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NF-pNETs is distal or subtotal pancreatic resection with intraoperative ultrasound and 

enucleation of tumors from the pancreatic head and duodenum. For bulky (>2 to 2.5 cm) 

tumors in the head of the pancreas proximal pancreaticoduodenectomy or Whipple 

procedure may be necessary. Dissection of lymph nodes along the celiac axis and hepato-

duodenal ligament is also indicated. Extensive pancreaticoduodenal resection is associated 

with increased risk and is primarily indicated for clearly malignant tumors, as these tumors 

must be controlled. At present because these patients have excellent long-term survival 

(Figure 3), we recommend surgical exploration only in MEN-1 patients with NF-pNETs >2 

cm or symptomatic. This recommendation is consistent with the guidelines by both large 

neuroendocrine tumor societies [i.e., NANETs (127,132) and ENETs (87) as well as the 

clinical practice guidelines for MEN-1 published by the Endocrine Society (1).

Management of rare functional pNETs in MEN-1

Glucagonomas occur in 3% (range 1–6%) of MEN-1 patients, VIPomas in 3% (range 1–

12%), GRFomas and somatostatinomas in <1% (2) (153). All guidelines agree that if 

unresectable disease is not present and the patient has no medical contraindication to surgery 

(113), these patients should undergo surgical exploration for potential cure and control of 

the malignant nature of the pNET (1) (2) (127) (132) (153).

Stomach, thymic, and bronchial NETs and adrenal cortical tumors

Patients with MEN-1 develop type II gastric carcinoid tumors (7–35%) (Figure 5), bronchial 

carcinoid tumors (0–8%) (Figure 6), thymic carcinoid tumors (0–8%) and adrenal cortical 

tumors (27–36%, <2% symptomatic) (2) (11) (17) (26) (154) (155). In a recent study of 

MEN-1 patients (2) who died 45% had adrenal cortical tumors, 19% gastric carcinoid 

tumors, 10% lung carcinoid tumor, and 6% thymic carcinoid tumor. Of these less common 

tumors listed, the tumor that appears to cause death most frequently was the thymic 

carcinoid tumor (Figure 5). It was second only to pNETs as the cause of death in MEN-1 

patients (11). Unfortunately, thymic NETs in MEN-1 patients are rarely discovered when 

completely resectable and most present with advanced disease encasing great vessels, 

invading surrounding tissues and frequently with bone and/or liver metastases (2) (11) (18) 

(156). In contrast to thymic carcinoids occuring in a non MEN1 setting, thymic carcinoids 

occuring in MEN1 patients are rarely associated with ectopic hormone production such as 

Cushing syndrome [2,10,17]. Early diagnosis by awareness and imaging with 68Ga-

DOTATE, CT or MRI followed by complete surgical resection are the mainstays of 

treatment.

Type 2 gastric carcinoid tumors occur almost entirely in MEN-1 patients with ZES (2) (157) 

and are thought secondary to the trophic action of chronic hypergastrinemia on the gastric 

ECL cells combined with the presence of LOH at the MEN-1 locus on 11q13 (158) (Figure 

5). Studies show that almost all patients with MEN1/ZES have gastric ECL cell proliferative 

changes, which are currently thought to be precursor changes leading to the development of 

gastric carcinoids in these patients (25). A large prospective study (25) found gastric ECL 

proliferative changes were present in all MEN-1/ZES patients studied, the changes were 

advanced in >50% of the patients and more severe that seen in patients with sporadic ZES 

without MEN-1. The natural history is unclear because prior to the mid 1980’s most ZES 
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patients underwent a total gastrectomy and thus did not develop these tumors. More recent 

studies show these Type 2 gastric carcinoids (5–6% all gastric carcinoids) are more 

aggressive that the more common Type 1 found in patients without MEN-1 with atrophic 

gastritis/pernicious anemia (70–80% all gastric carcinoids). Type 2 metastasize to the liver 

at a higher rate (10–30%) (107,157) (26). Those with localized disease (>70–90%%) are 

usually excised endoscopically after assessing the extent of invasion by EUS, but in some 

patients the tumors are present in excessive numbers and larger size. In these latter patients 

the gastric NETs can be invasive so that additional treatments may be needed. In some cases 

aggressive surgical resection (subtotal or total gastrectomy and D-2 lymph node dissection) 

is recommended and additional treatment with long-acting somatostatin analogues or CCK-

B receptor antagonists is administered (1) (157,159,160). Because most gastric carcinods 

develop asymptomatically and because they can be more aggressive than Type 1 gastric 

carcinods that occur in atrophic gastritis, it is recommended that all patients with ZES/

MEN1 undergo regular endoscopic evaluation (annually).

Curative resection (lobectomy with lymph node dissection) is recommended for 

bronchopulmonary NETs (Figure 6) and radical median sternotomy with thymectomy for 

thymic carcinoid tumors (1) (11) (Figure 5). Whereas most bronchopulmonary NETs can be 

completely resected (155), unfortunately this is not the case for most thymic carcinoids, 

which are very aggressive tumors and metastasize early, especially to bone (2) (11,18) 

(156). Thymic carcinoids were not recognized as part of the MEN-1 syndrome until the 

1980s so there is only limited information on their natural history (11) (161). Controversy 

exists as to the best method for their early detection, whether surgical resection should be 

performed even if distant metastatic disease is present, whether the recommendation of 

routine thymic resection during parathyroid surgery for hyperparathyroidism reduces the 

risk of the subsequent development of thymic carcinoids, and whether radiation or some 

other anti-tumor treatment should be given after surgical resection. (2) (11) (161) (18). 

Current guidelines recommend screening CT or MRI screening of the chest every 1–2 years 

(1), continued cervical thymectomy when parathyroid glands are removed and many 

recommend aggressive resection even with metastatic disease to prevent local complications 

(1) (18).

Adrenal tumors in MEN1 patients are frequent (27–36%), however they are usually small 

(<3–4 cm) (>80%), nonfunctional (85%), benign (>86%) and asymptomatic (>98%) (2) (11) 

(131). These tumors may cause primary hyperaldosteronism, primary hypercortisolism and 

may become malignant (131). At present adrenal tumors in MEN-1 patients are generally 

treated as that for non-MEN-1 adrenal tumors (1). Some studies suggest important 

differences in adrenal tumors in MEN-1 and non-MEN-1 patients (131). At present the exact 

screening time, tumor size that should be appropriated for surgical intervention and 

frequency of assessment of functionality have not been systematically studied and defined to 

detect early malignant change or functionality in MEN-1 patients.

Management of Metastatic Disease in MEN-1

Of the MEN-1 associated tumors, metastatic disease most commonly occurs with pancreatic, 

thymic and bronchial NETs, and occasionally in gastric carcinoid tumors. For example, 
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approximately 60% of patients with duodenal gastrinomas or pNETs have metastatic disease 

at the time of diagnosis (11) (162). The presence of liver metastases initially or their 

development subsequently is associated with a poor prognosis and decreasing survival 

(2,11) (18) (83) (156). One of the unique problems confounding the treatment of MEN-1 

patients, is often the fact that the exact primary source of the liver metastases is unclear. It 

may be a pNET, a duodenal gastrinoma, thymic carcinoid or another carcinoid like the 

stomach or bronchial. For example, there are a number of reports of MEN-1/ZES patients 

with liver metastases from a NET which is not the gastrinoma (163) (164). Liver metastases 

in a patient with MEN-1 and a pNET and without apparent carcinoid tumors like thymic, 

pulmonary, or stomach are almost always attributed to the pNET. This ambiguity may be 

resolved beause recently pathologists are using different immunohistochemical studies to try 

to determine the true primary source of the metastasis (i.e. PAX8, TTF-1, CDX-2, etc) (165) 

(166). This distinction of the true source of the metastases is becoming more important, 

because recent studies with a number of therapies used in patients with advanced metastatic 

NET disease [somatostatin analogues, everolimus, sunitinib, chemotherapeutic agents) 

demonstrate that pNETs and GI-NETS (carcinoids) respond differently (132) (164) (167) 

(168). Management of metastatic disease in patients with MEN-1 is generally comparable to 

the management of patients without MEN-1 (132) (164,167) (168). However, for patients 

with multiple primary endocrine tumors, vigilance must be taken when evaluating new 

findings on cross-sectional imaging to be certain which tumor is metastatic and/or 

progressing. The oncologic management of metastatic neuroendocrine tumors has improved 

with new drugs showing response rates primarily in pNETs. The FDA has recently approved 

two agents for the treatment of metastatic pNETs, the mTOR inhibitor everolimus (169) and 

the tyrosine kinase inhibitor sunitinib (170). Both have shown promising anti-tumor effects 

in recent studies. For advanced GI-NETs, two double-blind, randomized, placebo-controlled 

somatostatin analogues studies (PROMID (171), CLARINET (172)) as well as other studies 

(167) show both the somatostatin-long-acting analogue, octreotide-LAR and lanreotide 

autogel have antiproliferative effects, respectively. In addition, other novel therapies are 

being evaluated for the treatment of advanced pNETs and GI-carcinoids including the use of 

radiolabeled somostatatin analogues [90Yttrium, 177Lutetium-labeled-analogues] using the 

finding that almost all well-differentiated GI-NETs overexpress at least one subtype of 

somatostatin receptor which can be used to image as well as, target these cytotoxic agents, 

and this approach is currently undergoing Phase III trials (173).

In summary, the importance of our intial comments regarding timely diagnosis of MEN-1can 

not be overstated. Again, before MEN-1 can be diagnosed it must be suspected. Suspicion 

should be raised in any patient with a family history of endocrine tumors of the pancreas, 

family members with pituitary or parathyroid disease or a family history of endocrinopathy; 

in patients with renal colic with NETs; in any patient with ZES (20–25% have it as part of 

the MEN-1 syndrome); with a young age onset of a functional pNET; with multiple pNETs; 

with hyperparathyroidism with multiple gland involvement or with hyperplasia or with a 

pNET associated with hypercalcemia or another endocrinopathy (1,2). Genetic screening for 

MEN-1 is recommended when: an individual has 2 or more MEN-1 related tumors, multiple 

abnormal parathyroid glands before age 30 years, recurrent HPT at a young age, gastrinoma 
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and hyperparathyroidism (HPT) or multiple pNETs at any age, plus a family history of 

kidney stones or endocrine tumors that are part of the syndrome (39,40).

Patients with MEN-1 are living longer and less frequently dying from the hormonal effects 

of tumors. However, the potentially malignant nature of some tumors like pancreatic NETs, 

bronchial NETs and thymic NETs are accounting for an increasingly high proportion of 

deaths. Additionally, there is a possibility that these patients may have a higher incidence of 

other malignant non-endocrine tumors (10). Awareness of these possibilities and the use of 

improved imaging modalities like CT, MRI, EUS, SRS and Ga 68 DOTATOC PET/CT 

should diagnose these tumors earlier and in a more treatable state.

MEN-4

Recently a new MEN-1 related syndrome has been defined and recognized, entitled MEN-4 

(174,175). It has long been known that in patients with the MEN-1 syndrome clinically that 

70–85% were found to have mutations in the MEN-1 gene with familial disease and 30% of 

patients with sporadic MEN-1 (7) (1, 10). In studies that also assess large deletions the 

percentage with MEN-1 mutations in patients with familial MEN-1 can rise to 90% (1,10) 

(176). Thus a percentage of patients with MEN-1 features appear to have the disease based 

on some other genetic alteration (176). Recently it has been established that germline 

mutations in the cyclin-dependent kinase (CDK) inhibitor gene, CDKN1B is responsible for 

causing MEN-X, a syndrome in rats with features of both the human MEN-1 and MEN-2 

syndromes (177). Subsequently, a number of patients with MEN-1 features without a 

MEN-1 gene mutation has been described who have mutations in the CDKN1B gene (174) 

(178) (179). The CCDKN1B gene encodes for a member of the CDK inhibitor family, p27 

(also called KIP1), a nuclear protein which is important in regulating the cell cycle, 

particularly the transition from G1 to S phase (174) (175,180). The CDKN1B gene, similar 

to the MEN-1 gene, functions as a tumor suppressor gene (174) (178). Alterations in other 

cyclin dependent kinase genes have also been reported in patients with clinical MEN-1 

features but no MEN-1 gene mutations (181). In a study of 196 patients with clear MEN-1 

or suspected MEN-1, but no MEN-1 gene mutation (181) the relative frequency of the 

various CDK mutations were p15 (1%), p18 (0.5%), p21 (0.5%) and p27 (1.5%) (181). In 

other studies it is estimated that 3% of patients with MEN1 fetaures have a CDK1B 

mutations (175).

MEN-2

Multiple endocrine neoplasia type 2 is composed of three distinct clinical subtypes, 

MEN-2a, MEN-2b, and familial medullary thyroid carcinoma (FMTC). MEN-2 is a rare 

syndrome with an incidence of 1 in 200,000 live births (182). Each subtype is an autosomal 

dominant familial cancer syndrome associated with a germline mutation of variable 

penetrance in the RET proto-oncogene (183). Because 50% of children of an affected parent 

will manifest MEN 2, the syndrome occurs in every generation of a family. The principle 

feature of all MEN-2 subtypes is medullary thyroid carcinoma (MTC), a cancer of the 

parafollicular calcitonin secreting C cells. Calcitonin and CEA are sensitive and, in the case 

of calcitonin, specific blood markers for MTC. Patients with MEN-2 have a 100% risk of 
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developing MTC by age 70 years, and MTC is the most important determinant of mortality 

in these patients. If MTC has spread beyond the thyroid, the prognosis is poor. Further, 

patient survival is greatly improved when MTC is treated surgically early in the course of 

the disease. Therefore, the emphasis on treating patients with MEN-2 is screening and early 

detection of MTC (183). MEN-2 is subgrouped into two variants called MEN-2a and 

MEN-2b (sometimes called MEN-3) (184). Common features of the two groups are 

multicentric, bilateral MTC, occurring in all patients, and bilateral pheochromocytomas 

occurring in 50% of patients (185). MEN-2a is the most common manifestation of MEN-2, 

accounting for 55% of cases. MTC is often the first manifestation of MEN-2a, usually 

occurring between the ages of 20–30 years. MEN-2a is characterized by MTC and 

pheochromocytomas plus primary hyperparathyroidism apparent in 20–30% of patients, and 

a normal physical appearance and body habitus (183).

MEN-2b is a more rare form, accounting for approximately 5–10% of all cases. MEN-2b is 

marked by an early onset of a more aggressive form of MTC. MTC develops within the first 

year of life, and patients die before the age of 30 (186). Patients with MEN-2b do not have 

parathyroid disease, but do have a characteristic appearance including Marfanoid habitus, 

pectus abnormalities, mesodermal abnormalities, corneal nerve hypertrophy, labial and 

mucosal neuromas, and intestinal ganglioneuromatosis (183–185,187). Familial medullary 

thyroid carcinoma (FMTC) is another hereditary endocrine syndrome. It is the second most 

common variant. It accounts for 35% of cases. FMTC is the mildest subtype of MTC and 

patients usually do not die from MTC. Patients only have MTC without any of the other 

features seen in MEN-2a or -2b (188). The diagnosis of FMTC should be considered when 

at least four family members develop MTC without other endocrine findings.

Discovery of the MTC syndromes

In 1961, Sipple first described an association among malignant tumors of the thyroid, 

bilateral adrenal pheochromocytomas, and parathyroid hyperplasia (189). Later Steiner 

further characterized a kindred with pheochromocytomas, MTC, and parathyroid 

hyperplasia. He noted that the syndrome was transmitted in an autosomal dominant fashion 

with high penetrance similar to MEN-1. However, because MTC and pheochromocytomas 

were defining features, he reasoned that MEN-2 is genetically different from MEN-1 (190). 

Wells developed a method for early diagnosis of MTC based on a radioimmunoassay for 

calcitonin which was an excellent blood marker for MTC. Further, studies demonstrated that 

both calcium and pentagastrin stimulated C-cells to rapidly secrete calcitonin and this could 

be used for the early diagnosis of MTC. This allowed curative thyroidecomy based on 

stimulated plasma calcitonin levels in patients from families with MEN-2a.

In 1966, Williams and Pollock described two patients with neuromatosis, 

pheochromocytomas, and medullary thyroid carcinoma who died at a young age (162). Both 

had pheochromocytomas, multiple mucosal and ocular neuromas, ganglioneuromatosis of 

the intestine, and metastatic medullary carcinoma of the thyroid. In 1968, Schimke noted 

that marfanoid body habitus, coarse facial features, and characteristic skeletal abnormalities 

(pectus carinatum, saber shin) were part of this syndrome. He postulated that the entire 

syndrome was explained by a inheritable defect in neural crest derived tissues (191). This 
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syndrome is now called MEN-2b and importantly, primary hyperparathyroidism is not part 

of this disease.

FMTC is the least malignant form of MEN-2 and patients seldom die from this form of 

MTC. These patients do not have other clinical manifestations of MEN-2 (157). It was first 

described by Farndon and Wells (188). The clinical diagnosis and onset of MTC in FMTC 

usually occurs later in life in the fifth or sixth decade (192).

RET proto-oncogene

RET is a proto-oncogene composed of 21 exons located on chromosome 10 (10q11.2) 

encoding a transmembrane receptor tyrosine kinase for members of the glial cell line-

derived neurotrophic factor family (GDNF) and associated ligands (artemin, neuturin, 

persephin) (193–196). The RET protein is composed of three functional domains: an 

extracellular ligand-binding domain, a transmembrane domain, and a cytoplasmic tyrosine 

kinase domain. The extracellular domain contains four cadherin-like repeats and a cysteine-

rich region. The cysteine-rich region is important for disulfide bond formation needed for 

maintaining the native tertiary structure allowing for receptor dimerization. The intracellular 

domain contains two tyrosine kinase subdomains that are involved in several intracellular 

signal transduction pathways (197). Coupling RET, its co-receptors, GNDF-family receptor 

alpha (GFRα 1–4) (198), and GNDF-family ligands leads to RET dimerization to form a 

heterohexamer complex that results in transcellular kinase activation and signaling. RET is 

involved in a number of cellular signaling pathways during development regulating the 

enteric nervous system progenitor cells, and neural crest and kidney progenitor cells (199–

206). Basic studies suggest that RET is a component of the signaling pathway required for 

renal organogenesis and enteric neurogenesis (207,208). Inactivating mutations in RET 

associated with Hirschprung’s disease (209–214) and renal agenesis have been identified 

(207,208,215–219).

Genetic linkage analysis has mapped the MEN-2a locus to chromosome 10 (220,221). The 

RET gene has been found to be expressed in both familial and sporadic human 

pheochromocytomas and MTC (195). RET mutations have been identified in exons 7 and 8 

in patients with MEN-2a and FMTC (222). Mulligan identified specific missense mutations 

in the RET gene at codons encoding for cysteine residues within the transition point between 

the extracellular and transmembrane domains (223). Subsequently, MEN-2b was shown to 

be associated with a T644M mutation affecting the intracellular tyrosine kinase domain of 

the RET proto-oncogene (224). In MEN-2a and -2b, RET mutations act by constitutively 

activating the kinase. MEN-2a mutations alter the disulfide bond between receptor 

monomers creating an activating homodimer. On the other hand, the MEN-2b mutation 

altered the substrate specificity for the receptor (225).

Genetic testing and risk stratification

Since the identification of mutations in the RET gene as the causative agents in MEN-2, 

genetic tests have been developed and refined to clinically detect these defects (226–229). 

Mutations vary among kindreds but are consistently inherited within kindreds. In addition, 

investigators determined that new direct genetic analysis supplanted established linkage-
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based tests, since the latter was precluded by recombination events and required the 

selection of informative genetic markers. There was an invariable correlation between 

mutation and disease. Importantly, two affected individuals that were presymtomatic were 

identified by genetic testing. Thus this new direct genetic analysis offered an important early 

diagnostic tool for the disorder. Today, genetic testing can detect nearly 100% of mutation 

carriers. It is the standard of care for all first-degree relatives of patients with newly 

diagnosed MTC. However, due to the varying clinical effects of RET mutations, strategies 

based on clinical phenotype, age of onset, and aggressiveness of MTC are still needed to 

guide therapy. Guidelines for the age of genetic testing and prophylactic thyroidectomy 

based on the inherited syndome have been identified (230) and revised. Recommendations 

on the diagnostic workup and timing of prophylactic thyroidectomy and extent of surgery 

are based on a classification into four risk levels utilizing the genotype-phenotype 

correlation (192). The American Thyroid Association classified mutations according to the 

risk of developing early, more aggressive MTC from A to D in increasing levels (231).

Genotype and phenotype

Since the initial discovery of RET mutations responsible for MEN-2, as many as 50 different 

point mutations across 7 exons (exons 8, 10, 11, 13–16) have been identified (232). 

Different mutations in the RET gene produce varying phenotypes for the disease, including 

age of onset and aggressiveness of MTC, and the presence or absence of other endocrine 

neoplasms, such as pheochromocytoma or hyperparathyroidism. Approximately 85% of 

patients with MEN-2 have a mutation at exon 11 codon 634, while mutations in codons 609, 

611, 618, and 620 account for 10–15% of cases (192). Particularly early aggressive behavior 

and metastases in MEN-2a and MEN-2b are associated with C634 and M918T mutations, 

respectively, requiring early intervention (204). On the other hand, A883F mutation displays 

a more indolent form of MTC compared with a M918T mutation for MEN-2b. (233) In 

addition, polymorphism at codon 836 is associated with early metastases in patients with 

hereditary or sporadic MTC (234).

Prophylactic thyroidectomy

Untreated, patients with MEN-2 ultimately develop MTC and succumb to their disease. 

Thus, diagnostic tools for detecting MTC in patients at risk for MEN-2 were developed even 

before the genetic origins were known. Parafollicular cells secrete calcitonin, and blood 

levels of this hormone serve as a sensitive tumor marker as well as an indicator of the 

cancer. Intravenously administered calcium and pentagastrin are potent calcitonin 

secretagogues that markedly enhance the sensitivity of the calcitonin assay. Although the 

pentagastrin-stimulated calcitonin test provided a sensitive diagnostic test for C cell 

hyperplasia or carcinoma, it lacked the capacity to predict which patients would develop 

particularly aggressive forms of MTC and require early intervention and which patients 

would have a more indolent course and could be followed with biochemical surveillance. 

Because early detection and intervention are paramount to patient survival, genetic tests 

were needed to prospectively identify MEN-2 patients at-risk for accelerated MTC and 

requiring immediate treatment.
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In 1995, shortly after mutations in RET were found to cause MEN-2, thyroidectomies were 

performed solely on identification of these gene mutations in patients. Using PCR-based 

testing (confirmed by haplotype analysis) for 19 known RET mutations, Wells studied 132 

members of seven kindreds with MEN-2a. Twenty-one of the 58 subjects at risk for the 

disease had germline mutations in the RET oncogene associated with MEN-2a. Plasma 

calcitonin levels were elevated in 9 of the 21 subjects. However, 12 subjects had normal 

levels of calcitonin. After undergoing genetic counseling, 13 of the 21 subjects with detected 

germline mutations in RET, including 6 with normal serum calcitonin levels, underwent 

total thyroidectomies with central lymph node dissections. All of the surgically resected 

thyroid glands demonstrated medullary hyperplasia, many with evidence of MTC. Further, 

there was no evidence of lymph node metastasis in any patient at the time of surgery. In 

addition, postoperative plasma calcitonin levels normalized in patients who had elevated 

levels preoperatively. The study showed that for family members who have germline 

mutations in the RET proto-oncogene, total thyroidectomy is indicated irrespective of 

plasma calcitonin levels (235). Genetic screening and timely thyroidectomy in kindred 

members who have germline mutated RET alleles characteristic of MEN-2 can prevent 

MTC, the most common cause of death in these syndromes (197).

A major issue is the age to perform screening and prophylactic thyroidectomy. In patients 

from a family with MEN-2 and a RET mutation, most clinicians recommend that the 

individual should be screened at age 5 and the thyroid gland be removed, if affected. In this 

setting central compartment lymph node dissection is unnecessary as it can increase the 

occurence of postoperative hypoparathyroidism. In patients with MEN-2b, the surgery 

should be done at an early age as soon as the diagnosis is established. Since these patients 

commonly have a more aggressive tumor, central lymph node dissection should always be 

done. In patients with FMTC, screening should be done at age 21 and thyroidectomy 

without central lymph node dissection in patients with inherited mutations. Postoperatively 

at 6 months, physical examination and serum levels of calcitonin and CEA are measured. If 

calcitonin and CEA levels are undetectable or normal for 5 years, no additional studies are 

necessary.

MEN-2

MEN-2 (also termed MEN-2a) accounts for 80% of the familial MTC syndromes (Figure 7). 

In MEN-2, beside MTC, 50% of patients develop pheochromocytomas, and 30% develop 

primary hyperparathyroidism depending on the RET codon mutation (236). Patients with 

MEN-2 may also develop cutaneous lichen amyloidosis, Hirschsprung’s disease and 

prominent corneal nerves. C-cells secrete calcitonin and carcinoembryonic antigen (CEA). 

Either calcitonin or CEA levels in the blood serve as an excellent marker for MTC. 

Pentagastrin or calcium stimulated serum calcitonin levels may serve as a more sensitive 

marker for MTC and have been used for early diagnosis and to document surgical cure. 

Unlike sporadic MTC that is usually unilateral, familial forms of MTC are always bilateral. 

The tumor is multicentric and occupies the superior and central portion of each lobe. MTC 

initially remains confined to the thyroid gland but subsequently it spreads to central 

followed by other regional lymph nodes. Then it spreads to distant sites including the liver, 

lung, bone and brain. The tumor is very firm and has a fibrous acellular stroma that has 
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staining properties similar to amyloid. On immunohistochemistry, it stains positive for 

calcitonin.

Pheochromocytomas develop in 50% of patients with MEN-2a and -b (236) (Figure 8). The 

clinical findings and behavior is the same in both syndromes. The mean age at presentation 

is 36 years and the diagnosis is made after MTC in 40% of cases and before MTC in 10%. 

In this setting the pheochromocytomas are benign and confined to the adrenal gland. 65% of 

the time these tumors are bilateral and with 10-year follow-up patients with a surgically 

excised unilateral pheochromocytoma will develop a contralateral tumor. It is critical to 

exclude the diagnosis of pheochromocytoma in MEN-2 patients before doing any invasive 

procedures, because sudden death may occur if a pheochromocytoma is not detected and the 

patient is not appropriately prepared with an alpha-adrenergic blocking drug. Deaths have 

been reported during surgical procedures and child birth. Patients suspected of having a 

pheochromocytoma should have measurement of plasma-free metanephrine and 

normetanephrine levels or a 24-hour urine for VMA, metanephrines and total 

catecholamines. CT and MRI are used to image pheochromocytomas. The sensitivity and 

specificity are similar for the two procedures, 90–100% and 70–80%, respectively.

The pheochromocytoma has priority and should be removed before the thyroid surgery. 

Preoperative preparation with an alpha-adrenergic blocking drug like phenoxybenzamine is 

done and when the patient is well blocked, a beta-adrenergic drug is added to keep the heart 

rate <100 beats per minute. Despite the fact that the pheochromocytomas are usually 

bilateral, if only one adrenal appears to contain tumor, unilateral adrenalectomy is 

recommended (236). This is because there have been a very high risk of Addisonian crisis in 

these patients following bilateral adrenalectomy. Some other surgeons have recommended 

bilateral subtotal adrenalectomy for these patients in an attempt to preserve cortical function. 

Although this approach may have merit, there has been limited follow-up and 

documentation of long-term adrenal function or recurrent pheochromocytomas with this 

procedure. Adrenalectomy can usually be accomplished laparoscopically and this approach 

greatly reduces morbidity. In patients who undergo bilateral adrenalectomy, corticosteroid 

and mineralocorticoid replacement is necessary.

Primary hyperparathyroidism develops in 20–30% of patients with MEN-2a. The mean age 

of onset is 36 years. It may occur prior to any other manifestation of MTC in 5% of patients. 

The hypercalcemia is minimal and most patients are without symptoms. The parathyroid 

glands are asymmetrically enlarged and contain hyperplastic nodules. Pathologically it is 

labelled pseudonodular hyperplasia. The operation of choice is subtotal parathyroidectomy 

or 3 and ½ gland parathyroidectomy.

MEN-2b

MEN-2b accounts for 5% of hereditary MTC. These patients all have MTC, bilateral 

pheochromocytomas, a characteristic phenotype, but they do not develop primary HPT. 

Patients with MEN-2b have this characteristic appearance that includes marfanoid habitus, 

prolonged facies, muscular skeletal abnormalities (pectus, saber shins, bowing of the 

extremities), ocular abnormalities (inability to cry tears and corneal nerve hypertrophy), 

mucosal neuromas usually on the tip of the tongue and intestinal ganglioneuromatosis. Most 
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have gastrointestinal symptoms characterized by pain, diarrhea, constipation, bloating and 

even megacolon. These symptoms may occur in children and young adults with this 

syndrome.

The MTC is uniformly aggressive and spreads to distant sites early in these patients. It 

occurs during infancy and early diagnosis is critical. In approximately 50% of MEN-2b 

cases, de novo germ line RET mutations give rise to the disease. In patients with de novo 

MEN-2b, the mutated allele generally comes from the father. Babies are at a high risk in this 

setting because the parents are asymptomatic and the disease is not expected. This is 

unfortunate because there is only a narrow window during which thyroidectomy may be 

curative. Even in the most advantageous setting where thyroidectomy was performed during 

the neonatal period, most babies are not cured.

Familial medullary thyroid carcinoma (FMTC)

Familial medullary thyroid carcinoma (FMTC) accounts for 15% of hereditary MTC. These 

patients only have MTC that occurs at a late age and is less aggressive than the other 

familial forms. The diagnosis is made when an individual can identify 10 affected 

individuals occurring in a kindred over the age of 50 years with an adequate history and 

biochemical data to exclude pheochromocytoma and primary hyperparathyroidism in 

affected individuals.

The strongest predictor of survival for patients with MTC is the stage of disease at the time 

of thyroidectomy. The 10-year disease specific survival of MTC is 90% with localized 

disease, 78% with lymph node metastases and 40% with distant metastases. Only 10% of 

patients with metastases to cervical lymph nodes are cured with extensive lymph node 

dissection. The prognosis is excellent for familial MTC patients who have a preoperative 

calcitonin level <150 pg/ml, a MTC smaller than 1 cm and no lymph node metastases. The 

10-year survival approaches 100%, if basal and stimulated calcitonin levels are undetectable 

after thyroidectomy. In patients with MTC confined to the thyroid gland, the standard 

operation is total thyroidectomy and resection of all lymph nodes in the central zone of the 

neck. The neck dissection is more extensive in patients with advanced nodal disease.

A reliable indicator of progression of MTC is the calcitonin or CEA doubling time. A 

calcitonin doubling time between 6 months and 2 years is associated with a 5 year survival 

of 92% and a 10 year survival of 37%; whereas a doubling rate of less than 6 months is 

associated with a 25 and 8% survival, respectively. In patients with MTC the calcitonin level 

is most predictive of prognosis, but in some patients the CEA level is more correlative so 

both should be measured. If the postoperative serum calcitonin level rises above 150 to 200 

pg/ml, total body CT scan should be performed. In the absence of distant metastases and the 

presence of cervical lymph node disease, a neck dissection should be performed. Prior 

studies suggested that this strategy may cure approximately 30% of patients, but more recent 

long-term follow-up indicate that these patients will eventually recur. Some studies suggest 

that external beam radiation should be administered after neck dissection; however, this 

treatment has not improved outcomes.
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Summary of MEN-2

MEN-2 is caused by a mutation in the RET proto-oncogene. It is inherited as an autosomal 

dominantt trait. It is broken down into 3 clinical syndromes: MEN-2a, MEN-2b and FMTC. 

Each of the three syndromes has medullary thryoid carcinoma (MTC) with complete 

penetrance. The MTC is the most lethal in MEN-2b, intermediate in 2a and least virulent in 

FMTC. Patients with MEN-2a and 2b also have a 50% chance of developing 

pheocromocytomas that may be bilateral and patients with MEN-2a may also get primary 

hyperparathryoidism caused by parathryoid hyperplasia. In children from kindreds with 

MEN-2a or 2b, total thyoidectomy is indicated once the RET gene mutation is detected and 

pheochromocutoma is excluded.

Management of Metastatic Disease in MEN-2, MEN-3 and FMTC

Development of distant metastatic disease in indivuals who were not diagnosed by screening 

is common in MTC. The survival of patients with distant metastases from MTC is 51% at 1 

year, 26% at 5 years, and 10% at 10 years. When patients develop distant metastases from 

MTC and calcitonin levels increase, they may also develop secretory diarrhea that is 

especially difficult to control. Management of metastatic disease in patients with inherited 

forms of MTC is similar to management in sporadic MTC. Loperamide, codeine or 

sandostatin may help control the diarrhea in some cases. Tumor debulking or selective 

arterial embolization may provide symptomatic improvement in others. Two new 

compounds have recently been FDA-approved for the treatment of metastatic MTC and 

include vandetanib and cabozantinibz, and were shown to prolong progression-free survival 

in phase III clinical trials.
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Key Points

• Early diagnosis of the MEN syndromes is critical for optimal clinical outcomes; 

before the MEN syndromes can be diagnosed, they must be suspected.

• Genetic testing for germline alterations in both the MEN-1 gene and RET proto-

oncogene is crucial to identifying those at risk in affected kindreds and directing 

timely surveillance and surgical therapy to those at greatest risk of potentially 

life threatening neoplasia.

• Pancreatic, thymic and bronchial NETs are the leading cause of death in patients 

with MEN-1, and should be aggressively considered by at least biannual CT 

imaging.

• Patients with MEN-2a or 2b who are from a kindred and have a RET gene 

mutation identified should undergo total thryoidectomy after a 

pheochromocytoma is excluded.
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Figure 1. Sestamibi scan (A), neck CT scan (B) and somatostatin receptor scintigraphy SRS (C) 
in an MEN-1 patient with recurrent primary hyperparathryoidism and metastatic pancreatic 
NET
Patient is a 45 year old man with recurrent primary hyperparathyroidism status post an 

operation in which they removed two abnormal parathyroid glands and now he has recurrent 

disease. Sestamibi scan (A) shows an abnormal right inferior parathyroid gland (yellow 

arrow) and the same abnormal gland is demonstrated on a 4-D neck CT scan with 

intravenous contrast (yellow arrow) (B). Octreoscan shows an abnormal pancreatic NET in 

the tail of the pancreas with possible liver metastases (C) left at 4 hours and middle panel 24 

hours after labelled octreotide), while 68Ga DOTATATE (C right panel) clearly shows more 

tumor and also a pituitary adenoma.
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Figure 2. Histologic appearance of the pancreas in two separate patients with MEN-1
(A) Histologic sections of a pancreas in a patient with multiple neuroendocrine 

microadenomas in a background of islet cell hyperplasia. Panel 1 (40X): The H&E stain 

demonstrates clusters of enlarged microadenomas, the largest of which is 0.35 cm. Panel 2 

(40X): Immunhistochemical staining for synaptophysin highlights the multiple (>4) 

neuroendocrine microadenomas. (B) Histologic sections of a pancreatic neuroendocrine 

tumor (WHO Grade 2) from another patient with MEN1. Panel 1 (400X): H&E stain shows 

tumor cells in a trabecular pattern with stippled chromatin and prominent nucleoli. Panel 2 

(200X): The Ki67 prolifeation index is 13%. Panels 3 and 4 (200X): Immunohistochemical 

stainning for chromogranin A (GgA) (panel 3) and synaptophysin (panel 4) are postive. 

Coutesy of Drs Allison Zemek and Teri Longacre, Department of Pathology, Stanford 

University School of Medicine, Stanford, CA.

Norton et al. Page 36

Surg Oncol Clin N Am. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. Survival of MEN-1 patients with pNETs
Shown are total survival and disease-related survival from two groups of patients with 

MEN-1 and pNETs. Data in the upper panel (A) are the survival from the time of diagnosis 

of MEN-1 for 106 patients with MEN-1/ZES followed at the NIH. The bottom panel (B) 
shows survival data from the time of MEN-1 diagnosis for 182 MEN-1 patients with pNETs 

from pooled literature data from case reports and small series. The survival curves are 

plotted as Kaplan/Meier plots. (Adapted from from Ito T, Igarashi H, Uehara H, Berna MJ, 

Jensen RT. Causes of death and prognostic factors in multiple endocrine neoplasia type 1: a 

prospective study: comparison of 106 MEN1/Zollinger-Ellison syndrome patients with 1613 

literature MEN1 patients with or without pancreatic endocrine tumors. Medicine 

(Baltimore). 2013;92(3):135–181, with permission.)
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Figure 4. Death rates and causes of death in patients with MEN-1 from different series over time
The percentage of patients in various studies of MEN-1 patients reported to have a pNET-

related death (Death due to any pNET casue including hormonal syndrome or malinant 

tumor), death due to ZES (acid, tumor) or death due to a malignant pNET are shown. As a 

percentage of all deaths there was marked decrease with time in deaths due to ZES, 

primarily due to the increased ability to control gastric acid hypersecretion, which is also 

reflected in the decrease with time in the percnetage of all deaths that were pNET-related, 

and then with control of the hormone excess state there was an increase in the percentages of 

all deaths due to malignant pNETs or pNET-related. (Data from references 11, 23, 39, 102, 

105, 237–240.)
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Figure 5. (A) Thymic carcinoid on CT, (B) type 2 gastric carcinoids on endoscopy
(A) CT scan of a small resectable thymic carcinoid in the anterior mediastinum of a patient 

with MEN-1. Unfortunately this is an uncommon finding in MEN-1 patients with these 

tumors that are usually first discovered when advanced disease is present. (B) Upper 

endoscopy of the stomach of a patient with Zollinger-Ellison syndrome (ZES) and MEN-1 

who had been treated with proton pump inhibitors to reduce gastric acid secretion for many 

years. Image shows prominent gastric folds (arrows top right) consistent with ZES and 

multiple gastric carcinoids (lower right arrows) each of which is labeled. This patient 

illustrates the difficulty of removing all NETs endoscopically in many of these MEN-1 

patients with Type 2 gastric carcinoids.
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Figure 6. MRI axial view (top) and coronal view bottow of right lower lobe bronchial NET in 
patient with mEN-1
Axial and coronal MRI images, respectively, of a small bronchial carcinoid tumor (Lung 

NET) in the right lower lobe of the lung in a MEN-1 patient who presented for routine 

follow-up. She underwent a right lower lobectomy and had positive lymph node metastases 

at surgery.
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Figure 7. Metastatic medullary thyroid carcinoma (MTC) in MEN-2a patient. MEN-2a patient 
who presented with bilateral neck nodules that were found to be primary
MTC (left panel). Mass in left lobe was 4 cm and right was 2 cm. Coronal CT of the 

abdomen shows multiple diffuse bilateral liver metastases (right panel).
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Figure 8. 
MRI of bilateral pheochromocytomas in same MEN-2a patient with metastatic MTC to the 

liver. Axial MRI (left panel) shows bilateral pheochromocytomas. Left adrenal tumor is 

larger than the right and measures 6 cm compared to 3 cm on right. Patient’s liver also 

shows multiple bilateral metastases that were proven to be from MTC. Coronal image (right 

panel also demonstrates both adrenal pheochromocytomas as axial. Left adrenal has some 

cystic areas.
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