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Objective: We aimed to provide ideas for clinicians, especially radiologists, for the diagnosis of multiple 
endocrine neoplasia (MEN) syndromes.
Background: MEN syndromes include MEN1, MEN2, and MEN4 and usually involve 2 or more 
endocrine tumors. The MEN syndromes are a group of euchromatic dominant genetic diseases, and the 
main genes involved include MEN1 (MEN1), RET (MEN2), and CDKN1B (MEN4).  
Methods: In this article, involving 8 cases (4 cases of MEN1, 2 cases of MEN2A, 1 case of MEN2B, 1 case 
of MEN4) from our center, we introduced the disease spectrum, clinical manifestations (especially imaging 
findings), and related genes involved in each type of MEN syndromes. We also discussed the differential 
diagnosis between MEN and sporadic tumors and emphasized that MEN should be screened and the 
relevant required examinations. 
Conclusions: Considering that MEN syndromes involve multiple endocrine gland tumors and 
nonendocrine organ diseases, it is very important to identify potential patients early and perform multiple 
examinations on them, including biochemical and multitype, and multisite imaging examinations according 
to the disease spectrum of each type. Considering that this is a group of genetic diseases, both interviewing 
patients about their family history and genetic testing are also very important. Only in this way can a 
comprehensive and accurate diagnosis be made, enabling patients to receive appropriate treatment and 
improve their prognosis.
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Introduction

As a group of heterogeneous clinical syndromes, multiple 
endocrine neoplasia (MEN) syndromes are characterized 
by the occurrence of 2 or more endocrine gland tumors in 
a patient, either simultaneously or successively. The MEN 
syndromes are a group of autosomal dominant genetic 
disorders with high penetrance. Cases usually present 
within familial clusters, but sporadic cases do exist. The 
MEN syndromes include MEN1, MEN2, and MEN4: 
MEN1 is related to the inactivating mutation of the tumor 
suppressor gene MEN1 on chromosome 11 (1); MEN2 is 
related to the activating mutation of the rearranged during 
transfection (RET) proto-oncogene on chromosome 10 (2); 
MEN4 is related to the inactivating mutation of the cyclin-
dependent kinase (CDK) inhibitor 1b (CDKN1B) gene 
on chromosome 12 (3). It is worth noting that MEN2 is 
divided into 3 subtypes according to different phenotypes, 
including MEN2A, MEN2B, and family medullary thyroid 
carcinoma (FMTC). The tumors involved in MEN1 
are predominantly parathyroid tumors, gastro-entero-
pancreatic neuroendocrine tumors, and pituitary tumors. 
Patients with MEN2A often develop medullary thyroid 
carcinoma (MTC) and pheochromocytoma. MEN2B 
also mainly involves MTC and pheochromocytoma. 
Some special clinical manifestations can be found in 
patients with MEN2B (such as “Marfanoid” body habitus, 
multiple mucosal neuromas on lips and tongue) (4). The 
FMTC generally exclusively involves MTC. The clinical 
manifestations of MEN4 are similar to those of MEN1, but 
the related mutant genes are different.

Involving multiple endocrine glands and nonendocrine 
organ lesions, the clinical manifestations of MEN 
are complex and diverse. Due to the diversity of its 
manifestations, it is not easy to diagnose MEN at the 
first visit clinically. Clinicians must identify the relevant 
clinical manifestations of patients with MENs as early as 
possible and perform various subsequent examinations, 
including related biochemical examinations and multitype 
and multisite imaging. Considering that this is a group of 
genetic diseases, both interviewing patients about their 
family history and genetic testing are very important. 
Accurate and comprehensive diagnosis will enable patients 
to receive appropriate treatment and clinical management. 
Grajo et al. introduced the imaging manifestations of 
various organ lesions involved in MEN (5). McDonnell 
et al. briefly described the clinical manifestations of MEN 
and emphasized when MEN should be screened (6). In 

this article, involving 8 cases (4 cases of MEN1, 2 cases 
of MEN2A, 1 case of MEN2B, 1 case of MEN4) from 
our center, we introduced the disease spectrum, clinical 
manifestations (including symptoms/signs; laboratory 
examinations; various imaging manifestations) and related 
genes involved in each type of MEN. We also discussed the 
differential diagnosis between MEN and sporadic tumors 
and emphasized that MEN should be screened and the 
relevant required examinations. This article can provide 
ideas for clinicians to diagnose MEN. We present the 
following article in accordance with the Narrative Review 
reporting checklist (available at http://dx.doi.org/10.21037/
atm-21-1165).

Genetics

MEN1 gene

The tumor suppressor gene MEN1, located on chromosome 
11q13, has 10 exons and encodes the menin protein, 
regulating transcription, cell division, and proliferation. 
The pathogenesis of MEN1 is Knudson’s 2-hit hypothesis 
(6,7). This means that when born with an abnormal allele, 
the patient does not develop the disease due to the existence 
of the other normal allele, and the disease occurs when the 
other allele is mutated at the somatic level. The mutation 
sites of the MEN1 gene are located in and around the open 
reading frame, and more than 1,300 mutation sites have 
been discovered (8). Although MEN1 mutations are mostly 
hereditary, 10% of MEN1 cases have a de novo germline 
(sporadic cases without a family history) (9). In 20–30% 
of MEN1 patients, germline mutations were not detected 
in the coding region of MEN1, which may be caused by 
gene deletions, noncoding region mutations, or other gene 
mutations (9). To date, an obvious genotype-phenotype 
correlation has not been found in MEN1, which indicates no 
correlation between the mutation site and the phenotype (7). 
A study has shown that MEN1 promoter methylation may be 
associated with the severity of disease (10). Genetic testing 
is very important for the early diagnosis and identification of 
asymptomatic carriers (11).

RET gene

The proto-oncogene RET, with 21 exons, is located on 
chromosome 10q11.2 and encodes a membrane-bound 
tyrosine kinase cell surface receptor (6). Mutations of the 
RET gene are present in 98% of MEN2 patients (7). The  
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de novo germline is also present in MEN2 patients, including 
MEN2A (15%), MEN2B (50%), and FMTC (10%) (12). 
Significant genotype-phenotype correlations have been 
detected in MEN2 patients (7,9). Mutations in exon 10 
and 11 are those that are usually associated with MEN2A. 
Mutations in exon 16 can usually be found in patients with 
MEN2B. The occurrence of FMTC is often related to exons 
10, 13, and 14 (12). Hirschsprung disease can occur in some 
patients with MEN2, usually related to exon 10 mutations. A 
tenth of MEN2A families has cutaneous lichen amyloidosis, 
which is often related to exon 11 (13). Genetic testing of 
RET can confirm the diagnosis and predict the potential 
phenotype, which can guide clinical management (14,15). 
Hierarchical gene management of MEN2-related MTC can 
greatly facilitate the improvement of prognosis. According 
to the RET mutation site, the American Thyroid Association 
(ATA) divided the disease risk into 4 levels. From level A to 
level D, the phenotypic severity gradually increased. The 
codons involved are as follows: A: 768, 790, 791, 804, 649, 
891; B: 609, 611, 618, 620, 630, 631; C: 634; D: 918, 883. 
Patients with level A risk are recommended to undergo total 
thyroidectomy after age 5 or when computed tomography 
(CT) results are positive. Patients with level B or C risk 
should receive total thyroidectomy before age 5. Patients 
with level D risk should have surgery as early as their first 
year of life (9).

CDKN1B gene

The tumor suppressor gene CDKN1B, located at 12q13, 
encodes nuclear protein p27, which is a CDK inhibitor 
that can regulate the transition of cells from G1 phase to S 
phase (3). The phenotypes of MEN4 and MEN1 are similar. 
Approximately 3% of patients clinically diagnosed with 
MEN1 do not have MEN1 mutations but carry CDKN1B 
mutations. There have been few cases reported in China 
and internationally, and 17 mutations have been found. 
Due to the small number of cases, the genotype-phenotype 
relationship cannot be assessed (16,17).

Clinical features and imaging findings

MEN1

The MEN1 syndrome is also called Wermer syndrome, 
with an estimated prevalence of 2–3 per 100,000 (9). 
The predominant tumors involved in MEN1 include 
parathyroid, gastro-entero-pancreatic endocrine, and 

pituitary tumors (Figures 1-4). Patients with MEN1 also 
often develop cutaneous tumors, such as lipomas, collagen 
tumors, and fibrovascular facial tumors. The detection of 
skin lesions is helpful for early diagnosis. Other tumor types 
are associated with MEN1, including adrenal cortex tumors, 
foregut carcinoids, thyroid tumors, and meningiomas. In 
recent years, ovarian and uterine tumors related to MEN1 
have also been reported (18-20). Studies have found that 
women with MEN1 have a significantly higher risk of 
breast cancer (21). Neuroendocrine tumors of the pancreas, 
thymus, and bronchi are the main causes of death in MEN1 
patients (22).

Parathyroid tumors
Hyperparathyroidism (HPT) occurs in 90% of MEN1 
patients,  and it  is  the most common and earl iest 
manifestation of MEN1 (7). Most of its pathological types 
are adenomas or hyperplasia, which often involve 2 or more 
parathyroid glands. The typical age of parathyroid adenomas 
is 20–25 years old, which is significantly younger than that 
of non-MEN1-related parathyroid adenomas (7). The 
presence of HPT can be clinically asymptomatic and only 
manifest as biochemical abnormalities. It can also manifest as 
hypercalcemia (drowsiness, fatigue, depression, constipation, 
polydipsia, polyuria), urinary tract stones, osteoporosis 
(pathological fractures), and occasionally peptic ulcers.

In laboratory examinations, an increase of serum calcium, a 
decrease of serum phosphorus, and an increase of parathyroid 
hormone concentration often indicate HPT. In terms of 
clinical imaging, neck ultrasound and 99mTc-Sestamibi scan 
are often used (1). In ultrasonography, a uniform low echo 
with an oval shape (large adenomas can be lobular) relative 
to the thyroid gland can be observed, and marginal blood 
vessels can sometimes be observed. In 99mTc-Sestamibi scan 
delayed imaging, the tracer is abnormally aggregated at the 
lesion (Figures 1A,2A,4A) (5). A diagnosis of MEN1 diagnosis 
should be considered when pathological fractures occur in 
young patients with endocrine disorders (23).

Gastro-entero-pancreatic endocrine tumors
Gastro-entero-pancreatic endocrine tumors occur in 30–80% 
of patients with MEN1 and are mostly multifocal, usually 
on the pancreas and duodenum (7). Among gastro-entero-
pancreatic endocrine tumors, gastrinomas are the most 
common, followed by nonfunctional tumors and insulinomas. 
There are also some rare tumor types, such as glucagon 
tumors and vasoactive intestinal peptide tumors (6).

Gastrinomas are mostly malignant, and half of such 
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patients have already metastasized at first diagnosis. The 
age of onset was shown to be 20 years earlier than that 
of sporadic cases (6,7). The clinical manifestation of 

gastrinoma is Zollinger-Ellison syndrome, characterized by 
hypergastrinemia, excessive gastric acid production, peptic 
ulcers, and diarrhea. Peptic ulcers are always multiple 

Figure 1 A 49-year-old male patient presented with recurrent diarrhea and was later diagnosed with MEN1. (A) Ultrasound image showed 
that there were hypoechoic nodules with rich blood flow in bilateral parathyroid areas. 99mTc-MIBI fusion images showed high uptake 
nodules in bilateral parathyroid areas. An axial contrast-enhanced CT image showed mildly enhanced nodules (arrows) in the posterior-
inferior part of the thyroid gland. The nodules were pathologically confirmed as parathyroid adenomas. (B) Axial contrast-enhanced CT 
image showed multiple small enhanced nodules (arrows) in the gastroduodenal wall and tail of the pancreas, which was pathologically proved 
to be neuroendocrine tumors (gastrinoma). (C) Axial contrast-enhanced CT image showed a significantly enhanced nodule (arrow) in the S7 
segment of the liver, which was pathologically proved to be hepatic metastasis of gastrinoma. (D) Axial contrast-enhanced CT image showed 
mucosal hypertrophy of the lesser curvature of the gastric body (arrow). (E) Gastroscopy showed multiple small polypoid protuberances on 
the gastric fundus mucosa, which was pathologically confirmed as gastric neuroendocrine neoplasms type II. (F) On the contrast-enhanced 
coronal reconstruction image, an enhanced nodule (arrow) was seen on the right side of the pituitary, which was less enhanced than the 
surrounding normal tissue. The lesion was pathologically confirmed as pituitary microadenoma. (G) Axial contrast-enhanced image showed 
nodular thickening of bilateral adrenal glands (arrows), which was pathologically confirmed as nonfunctional adenoma. The patient’s 
genetic sequencing revealed a heterozygous pathogenic mutation in MEN1. MEN1, multiple endocrine neoplasia type 1; CT, computed 
tomography.
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Figure 2 A 37-year-old male patient presented with acid reflux and vomiting and was later diagnosed with MEN1. (A) 99mTc-MIBI 
image of the right parathyroid gland was positive, which was pathologically confirmed as parathyroid adenoma. (B) Coronal contrast-
enhanced T1WI image showed a circular mass (arrow) in the left sellar with uneven and obvious enhancement. The lesion was pathologically 
confirmed as pituitary macroadenoma. (C) Axial contrast-enhanced CT image showed an enhanced nodule (arrow) in the duodenal bulb and 
the thickened left adrenal gland. Gastroscopy image showed a mucosal bulge (arrow) approximately 6 mm × 5 mm on the duodenal bulb. 
The lesion was pathologically shown to be a gastrinoma. (D) Axial contrast-enhanced CT image showed an enhanced nodule (arrow) in the 
neck of the pancreas. The somatostatin receptor scintigraphy was positive in the corresponding region. The lesion was pathologically shown 
to be a gastrinoma. MEN1, multiple endocrine neoplasia type 1; CT, computed tomography; T1WI, T1 weighted imaging.

A B C

Figure 3 A 36-year-old woman presented with dizziness and was later diagnosed with MEN1. (A) Axial contrast-enhanced CT image 
showed an obviously enhanced nodule (arrow) in the pancreatic head. The lesion was later pathologically confirmed as insulinoma. (B) 
Coronal contrast-enhanced T1WI image showed a mildly enhanced nodule (arrow) on the right side of the pituitary. The lesion was 
clinically diagnosed as microadenoma. (C) Axial contrast-enhanced CT image showed left adrenal gland thickening (arrow), which was 
pathologically confirmed as adrenal hyperplasia. MEN1, multiple endocrine neoplasia type 1; CT, computed tomography; T1WI, T1 
weighted imaging.
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and recurrent. Insulinomas are mostly benign, occurring 
in 10–15% of MEN1 patients, and the age of onset is 
younger than 40 years (especially younger than 20 years) 
(1,24,25). The typical symptom of insulinoma is Whipple’s 
triad, including hypoglycemia, low plasma glucose levels 
at onset, and disappearance of symptoms after glucose 
supplementation. Recurrent hypoglycemia attacks may be 
the initial manifestation of MEN1 (26), and these attacks 
may induce seizures. Insulinomas should be considered 
in patients with endocrine disorders complicated with 
refractory epilepsy (27). There are generally no clinical 
symptoms or biochemical changes for nonfunctioning 
tumors, and the tumors are usually detected in imaging 
examinations.

Gastro-entero-pancreatic endocrine tumors suspected 
to be MEN1-related should be tested according to the 
following biochemical screening program: serum gastrin, 

fasting blood glucose, insulin, C-peptide, glucagon, 
vascular intestinal polypeptide, pancreatic polypeptide, 
and chromogranin A. In terms of imaging, CT, magnetic 
resonance imaging (MRI), endoscopic ultrasonography 
(EUS), and somatostatin receptor scintigraphy are 
usually used. Lesions may sometimes be detected by 
gastroscopy. Multifocal lesions can be observed on CT 
images, mostly presenting as small, circular masses with 
clear boundaries on the pancreas and/or duodenum. Small 
masses are usually homogeneous, while larger masses may 
be heterogeneous due to cystic degeneration, necrosis, 
and calcification. Contrast-enhanced CT imaging showed 
that the enhancement of the masses was significantly 
higher than that of the surrounding normal tissue in 
the arterial phase (a few tumors had poor blood supply)  
(Figures 1B,C,2C,D,3A,4B) (5).

Gastric neuroendocrine neoplasms occurring in MEN1 

A B

C D E

F

Figure 4 A 25-year-old female patient presented with galactorrhea, menstrual disorders, and obesity. She was later diagnosed with MEN1. 
(A) 99mTc-MIBI image of the parathyroid glands was positive. (B) Axial contrast-enhanced CT image showed an obviously enhanced 
nodule (arrow) in the pancreatic head. (C) Coronal contrast-enhanced T1WI imaging showed a low-enhanced nodule (arrow) in the lower-
left part of the anterior pituitary. Clinically, it was diagnosed as pituitary microadenoma. (D) Axial CT image showed a multiple isodensity 
small nodule (arrow) in the abdominal wall, which was pathologically shown to be dermatofibroma. (E,F) Axial contrast-enhanced CT image 
showed mildly enhanced nodules (arrows) on both sides of the adrenal glands. MEN1, multiple endocrine neoplasia type 1; CT, computed 
tomography; T1WI, T1 weighted imaging.
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patients are related to hypergastrinemia associated with 
Zollinger-Ellison syndrome and complicated genetic 
changes, which are called gastric neuroendocrine neoplasms 
type II. The tumors originate from the proliferation of 
enterochromaffin-like (ECL) cells in the gastric fundus 
and body, and the lesions are located in the mucosa and 
submucosa. Gastric neuroendocrine neoplasms type II are 
usually multifocal and small (1–2 cm) and are often found 
and diagnosed via gastroscopy (Figure 1E). The lesions 
can also be detected through CT and MRI (Figure 1D).  
When multiple polypoid changes are found in the 
stomachs of MEN1 patients, attention should be given to 
discerning whether patients are complicated with gastric 
neuroendocrine neoplasm type II (28,29).

Pituitary tumors
Pituitary tumors associated with MEN1 occur in 10–60% 
of MEN1 patients and are generally found in the anterior 
pituitary (7). The incidence of pituitary tumors associated 
with MEN1 is higher in women than it is in men (1). The 
clinical manifestations of pituitary tumors are related to 
the hormones secreted by the tumor and the size of the 
tumor. Among pituitary tumors associated with MEN1, 
60% secrete prolactin, about 25% secrete growth hormone, 
and 5% secrete corticotropin (30). Therefore, the clinical 
symptoms can manifest as hyperprolactinemia (amenorrhea, 
lactation, infertility), acromegaly, or Cushing’s disease (1). 
Also, tumors may compress adjacent structures, which can 
cause visual impairment or hypopituitarism.

In terms of laboratory tests, the focus is the levels 
of prolactin and insulin-like growth factor. In terms of 
imaging, pituitary MRI is usually implemented to observe 
pituitary lesions. For microadenomas, the lesions sometimes 
cannot be directly observed; rather, their existence in the 
pituitary is indicated by swelling of the superior margin 
of the pituitary or collapse of the sellar floor. Conversely, 
macroadenoma can be directly observed, and the tumor 
may be gourd-shaped due to the growth of the suprasellar. 
On T1 weighted imaging (T1WI), the adenoma generally 
shows low signal intensity, and on T2WI, it has equal or 
high signal intensity. Contrast-enhanced images show that 
the adenoma is enhanced, and the signal intensity is lower 
than that of the normal pituitary (Figures 1F,2B,3B,4C) (5).

Other tumors associated with MEN1
Patients with MEN1 often develop cutaneous tumors. 
Finding cutaneous tumors in suspicious patients can 
facilitate early diagnosis. Facial angiofibromas occur in 

22–88% of MEN1 patients, collagenomas occur in 0–72% 
of MEN1 patients, and lipomas occur in approximately 
33% of MEN1 patients (1). Patients with MEN1 may 
also present with dermatofibroma (Figure 4E). Other 
tumors, such as adrenal cortex masses (Figures 1G,3C,4E,F), 
carcinoid tumors, and meningiomas are often found in 
imaging examinations without obvious corresponding 
clinical symptoms (1).

MEN2

The MEN2 syndrome includes MEN2A, MEN2B, and 
FMTC, and the prevalence is 2–5 per 100,000 people (12). 
The main feature of MEN2 is MTC, which occurs in all 3 
subtypes with high penetrance. The age of onset of MTC 
related to MEN2 is younger than that of sporadic MTC 
cases (31). The aggressiveness of MTC varies across different 
subtypes, and the order of aggressiveness from high to low is 
MEN2B, MEN2A, and FMTC (7). Caused by the abnormal 
proliferation of parathyroid gland C cells, MTC secrete too 
much calcitonin, often multicentric and bilateral (13).

MEN2A

Also called Sipple syndrome, MEN2A has a prevalence of 1 
per 25,000 people (9). The main manifestations of MEN2A 
are MTC and pheochromocytoma (Figures 5,6). More than 
90% of MEN2A patients develop MTC, and 50% develop 
pheochromocytoma (7). There are some clinical variants 
of MEN2A, including MEN2A with cutaneous lichen 
amyloidosis and MEN2A with Hirschsprung disease (32).

MTC
The clinical manifestations of MTC are mainly diarrhea, 
flushing caused by excessive secretion of calcitonin, 
neck masses, and poor breathing caused by neck masses. 
Biochemical examination often suggests elevated calcitonin 
and abnormally elevated carcinoembryonic antigen. 
The thyroid is generally examined initially by neck  
ultrasound (12), the images of which display hypoechoic 
nodules with calcification. The positional relationship 
between the tumor and the surrounding tissues can be 
observed on CT images. The CT images also show 
irregular and inhomogeneous low-density nodules with 
unclear boundaries and calcification. Contrast-enhanced 
CT images show inhomogeneous and obvious enhancement 
of the mass (Figures 5A,B,6A,C). Whole-body radionuclide 
imaging can provide a basis for tumor staging (5).
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Pheochromocytoma
Pheochromocytomas related to MEN2A are mostly 
benign and rarely metastatic, usually occurring in bilateral 
adrenal glands (6,12). The clinical manifestations include 
palpitations, elevated blood pressure, headache, and 
sweating. Biochemical examination shows abnormally 
elevated concentrations of catecholamines and their 
metabolites  in plasma.  Adrenal  gland lesions are 
usually investigated by CT scan. Pheochromocytoma is 
characterized by a uniform density of small tumors, similar 
to the density of the kidney. Large tumors may have uneven 

density due to hemorrhage, necrosis, calcification, and cystic 
degeneration. In the contrast-enhanced CT examination, 
the tumor is significantly enhanced (Figures 5C,6D) (5).

Other diseases associated with MEN2A
HPT occurs in 20–30% of MEN2A patients, generally 
without obvious symptoms, and is found by biochemical 
and image examination (Figure 6B) (7). The main cutaneous 
disease involved in MEN2A is lichen amyloidosis, which 
often occurs simultaneously as pheochromocytoma. The 
clinical manifestations are itchy and scaly rash on the upper 

A B C

Figure 5 A 45-year-old man presented with repeated constipation and dizziness. He was later diagnosed with MEN2A. (A) Hypoechoic 
nodules with calcification could be seen on both sides of the thyroid gland on the ultrasound image. (B) Axial CT image showed low-
density nodules (black arrows) on both sides of the thyroid gland. They were pathologically confirmed as medullary thyroid carcinoma. 
(C) Contrast-enhanced coronal reconstruction image showed the heterogeneous enhancement masses (arrows) in both adrenal glands. 
The lesions were pathologically confirmed as adrenal pheochromocytoma. MEN2A, multiple endocrine neoplasia type 2A; CT, computed 
tomography.

Figure 6 A 45-year-old man presented with emaciation and loss of appetite. He was later diagnosed with MEN2A. (A) 99mTc-MIBI image 
showed bilateral thyroid enlargement, and some nodules were “cool nodules”. Also, the lesions were pathologically confirmed as medullary 
thyroid carcinoma. (B) CT and fusion images showed that image agents were concentrated in the parathyroid area. Clinically, the lesion 
was diagnosed as parathyroid hyperplasia. (C) Axial contrast-enhanced CT image showed that several low-density nodules (arrows) in the 
bilateral thyroid gland were uneven and obviously enhanced. The enhancement degree was lower than that of normal thyroid tissue. (D) 
Axial contrast-enhanced CT image showed inhomogeneous enhancement of multiple nodules (arrows) on both sides of the adrenal gland. 
The lesions were pathologically confirmed as bilateral adrenal pheochromocytomas. MEN2A, multiple endocrine neoplasia type 2A; CT, 
computed tomography
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back (4). It has also been reported that MEN2A-related 
cutaneous diseases include dermal hyperplasia and multiple 
sclerosing fibromas (33). Approximately 7% of MEN2A 
patients develop Hirschsprung disease, which is caused 
by abnormal development of intestinal ganglion cells and 
manifested as constipation (it should be distinguished from 
gastrointestinal neuromas related to MEN2B patients) (32).

MEN2B

Also known as Wagenmann-Froboese syndrome, MEN2B 
involves MTC and pheochromocytoma. The following 
distinguishing points from MEN2A: (I) MTC related to 
MEN2B are more aggressive and penetrative. Almost 100% 
of MEN2B patients will develop MTC. (II) MEN2B patients 

generally do not develop the parathyroid disease. (III) MEN2B 
patients have some special manifestations that always occur 
before MTC and pheochromocytoma, and timely detection 
is helpful for the early diagnosis of MEN2B (4,34,35). They 
include “Marfanoid” body habitus, gastrointestinal ganglion 
neuroma, multiple mucosal neuromas (lips, tongue, eyelids, 
conjunctiva), protruding lips, corneal nerve thickening, and 
bone abnormalities (such as joint laxity) (Figure 7) (4). It is 
worth noting that abdominal discomfort, such as constipation, 
in patients with MEN2B may be caused by gastrointestinal 
ganglioneuroma and Hirschsprung disease (36).

FMTC

As FMTC only involves the thyroid gland, it can also 

Figure 7 A 23-year-old male patient presented with abdominal pain and was later diagnosed with MEN2B. (A,B) Inspection showed multiple 
eyelid masses (circle) and tongue mucosal tumor-like hyperplasia (arrows). The lesions were pathologically confirmed as neuromas of the 
eyelids and mucosal neuromas of the tongue. (C,D) Ultrasound images showed thyroid lesions with mixed echoes, calcification, unclear 
boundaries, and abundant blood supply. (E) Coronal reconstruction image showed multiple high-density nodules on the thoracic vertebrae. 
They were pathologically confirmed as bone metastases of MTC. (F) Contrast-enhanced CT image showed a significantly enhanced round-
like nodule (arrow) in the left adrenal junction, which was pathologically confirmed as adrenal pheochromocytomas. (G) The nodule 
(arrow) in the left adrenal junction was positive on a somatostatin receptor image. (H) Axial contrast-enhanced CT image showed that the 
small intestine wall was thickened and uniformly strengthened in segments (arrows). The lesions were pathologically confirmed as multiple 
submucosal gangliomas of the intestine. The RET gene mutation was detected in the genetic examination. MEN2B, multiple endocrine 
neoplasia type 2B; MTC, medullary thyroid carcinoma; CT, computed tomography; RET, rearranged during transfection proto-oncogene.
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be considered a mild variant of MEN2A. To avoid 
misdiagnosis, FMTC should strictly follow the diagnostic 
criteria. Some FMTC patients are also complicated with 
Hirschsprung disease (37).

MEN4

The clinical manifestations of MEN4 are similar to 
those of MEN1. HPT and pituitary tumors are common 
manifestations of MEN4. Other tumors, such as gastro-
entero-pancreatic endocrine tumors, adrenal tumors, 
lipomas, meningiomas, and carcinoids, can also be found in 
patients with MEN4. According to the reported cases, some 
phenotypic characteristics of MEN4 have been summarized. 
Firstly, the onset of tumors related to MEN4 is later than 
those of MEN1. HPT usually occurs at over 40 years 
old (the earliest age of onset in reported cases is 15 years 
old). Secondly, the incidence of gastro-entero-pancreatic 
endocrine tumors related to MEN4 is lower than that of 
those related to MEN1. Additionally, prolactin tumors in 
pituitary tumors were less common in MEN4 than MEN1 
(Figure 8) (16,17).

Diagnosis

MEN1

Patients who meet any of the following 3 diagnostic criteria 
can be diagnosed with MEN1. (I) Clinical diagnosis: the 
patient has 2 or more of the 3 main tumors (parathyroid 
tumor, pituitary tumor, gastro-entero-pancreatic endocrine 
tumor). (II) Family diagnosis: the patient meets the clinical 
diagnostic criteria and has a first-degree relative (including 
parents, children, and siblings) who has 1 of the 3 main 
tumors. (III) Genetic diagnosis: genetic testing of the 
patient reveals a mutation in the MEN1 gene (1).

MEN2

It is necessary to carry out genetic testing for patients 
suspected of having MEN2. Mutations of RET are the basis 
for the genetic diagnosis of MEN2, and classification should 
be made according to the genotype-phenotype relationship. 
It is possible to diagnose MEN2 clinically, and the following 
are the clinical diagnostic criteria of the three subtypes of 
MEN2 (37,38):

BA C

Figure 8 A 35-year-old male with MEN4 presented with diarrhea and atypical thymic carcinoid (resected). He was later diagnosed with 
MEN4. (A) Ultrasound image showed that there was a hypoechoic nodule near the lower pole of the right thyroid lobe with abundant blood 
supply. The nodule was pathologically confirmed as parathyroid adenoma. (B) Axial contrast-enhanced CT image showed an obviously 
enhanced nodule (arrow) in the tail of the pancreas. (C) On the somatostatin receptor image, the lesion (arrows) in the tail of the pancreas 
was positive. The lesion was pathologically confirmed as a neuroendocrine tumor. Genetic testing indicated harmless mutations in MEN1 
that did not cause amino acid changes. Later, genetic testing was performed to indicate pathogenic mutations of CDKN1B. MEN4, multiple 
endocrine neoplasia type 4; CT, computed tomography; CDKN1B, cyclin-dependent kinase (CDK) inhibitor 1b gene.
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	 MEN2A: patients with 2 or more major tumors 
(MTC, pheochromocytoma, parathyroid tumor) 
can be clinically diagnosed with MEN2A, and 
attention should be paid to excluding MEN2B 
diagnosis in advance (37).

	 MEN2B: clinically, MEN2B is usually diagnosed by 
identifying MTC, pheochromocytoma, and some 
special manifestations of MEN2B (“Marfanoid” 
body habitus, multiple mucosal neuromas, corneal 
nerve thickening) (37).

	 FMTC: the patient only has 1 endocrine gland 
tumor, namely, MTC, and there are 4 or more cases 
of MTC without MEN1, MEN2A, or MEN2B 
signs in the same family (37).

MEN4

Patients with the clinical MEN1 phenotype who do not 
have MEN1 mutations in the genetic detection but have 
CDKN1B mutations can be diagnosed as MEN4 (17).

Patients clinically diagnosed as MEN, their blood-
related family members, and patients suspected of MEN 
should undergo genetic testing. Genetic testing can be used 
for early diagnosis, identification of asymptomatic carriers, 
and preimplantation diagnosis. There have been successful 
cases of preimplantation genetic diagnosis (11,39,40).

Discussion

Patients with hereditary MEN syndromes should be 
differentiated from sporadic cases. Particular features of 
suspicious cases should arouse the vigilance of clinicians.

(I) MEN1: Parathyroid hyperplasia or adenoma 
associated with MEN1 occurs earlier than in 
sporadic cases and often occurs in multiple 
glands. The onset age of gastro-entero-pancreatic 
neuroendocrine tumors related to MEN1 is earlier 
than that of sporadic cases. Gastro-entero-pancreatic 
neuroendocrine tumors usually manifest as multifocal 
and small lesions. Therefore, MEN1 should be 
considered in any individual with the following 
features: HPT at less than 40 years old, polyglandular 
or recurrent HPT, gastro-entero-pancreatic 
neuroendocrine tumors at less than 40 years old, 
multifocal gastro-entero-pancreatic neuroendocrine 
tumors, gastrinoma, gastro-entero-pancreatic 
neuroendocrine tumors with nephrolithiasis or 
hypercalcemia. Also, patients with endocrine diseases 

or endocrine family history with skin masses should 
also be mindful of MEN1.

(II) MEN2: 25% of MTC patients are associated with 
MEN2, so all MTC and C cell hyperplasia patients 
should be tested for the RET gene. Bilateral 
adrenal pheochromocytoma is often associated 
with familial hereditary diseases and requires 
clinical vigilance. Lichen amyloidosis on the back 
skin is a characteristic manifestation of MEN2A. 
If detected in physical examination, clinicians 
should be alert to the possibility of MEN2A. The 
special manifestations (Marfanoid habitus, mucosal 
neuromas, protruding lips, gastrointestinal ganglion 
neuroma) of MEN2B provide an important clue for 
the early diagnosis of MEN2B.

For patients with typical phenotypes of MEN2 but no 
RET gene mutation, we can make the clinical diagnosis of 
MEN2 when they meet the clinical diagnostic criteria of 
MEN2, which we have described in the diagnosis section 
of this article. In the instance of such patients, their high-
risk relatives should be regularly screened. Screening 
for MTC includes neck ultrasound, basal and/or irritant 
calcitonin determination. Pheochromocytoma is screened 
by measuring plasma or 24-hour urine concentrations of 
catecholamines and their metabolites. Also, periodic tumor 
tests should be performed in patients who are suspected 
of MEN2 but do not meet clinical or genetic diagnostic 
criteria.

Conclusions

The MEN syndromes affect the patient’s quality of life and 
can lead to chronic inflammation and immunosuppression 
(41,42). Clinicians should understand the characteristics 
of the disease to make a timely and correct diagnosis. 
According to the characteristics of each type of MEN, 
some memorization methods can be summarized (Figure 9).  
The MEN1 type mainly involves parathyroid tumors, 
gastro-entero-pancreatic endocrine tumors, and pituitary 
tumors, which can be remembered as “2P1G”. The clinical 
phenotype of MEN4 is similar to that of MEN1, but the 
genes involved are different. Thus far, there have been 
few studies on MEN4. The MEN2A type mainly involves 
MTC, pheochromocytoma, and parathyroid tumors, 
which can be simply remembered as “2P1M”. Meanwhile, 
MEN2B mainly manifests as MTC, pheochromocytoma, 
Marfanoid habitus, and mucosal neuroma, which can be 
remembered as “1P3M”. When a patient is suspected of 
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having MEN syndromes, comprehensive biochemical and 
imaging examinations should be performed according to the 
relevant disease spectrum to detect the underlying disease 
as soon as possible.
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