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Abstract
Introduction: Multiple endocrine neoplasia 2A (MEN2A) is an autosomal dominant 
syndrome associated with germline mutations in the RET proto-oncogene that 
may lead to medullary thyroid carcinomas (MTC), pheochromocytomas, and 
parathyroid adenomas. Patients generally present between the ages of 20 and 30 
years. MEN2 patients are stratified for risk based upon the RET mutation, and a 
genotype-phenotype correlation exists. 

Case Report: We describe a 36-year-old male recently diagnosed with MEN2A 
syndrome and RET oncogene mutation [c.1900T>C;p.Cys634Arg], which is a high 
risk category. He had elevated calcitonin, calcium, parathyroid hormone, and 
alkaline phosphatase levels with decreased ionized calcium. 24-hour urine testing 
showed elevated metanephrines and catecholamines. Imaging studies showed a 
right adrenal mass and multicentric thyroid nodules with a mass adherent to the 
right inferior posterior thyroid lobe. Right adrenalectomy histologic evaluation 
revealed multicentric pheochromocytomas in the right adrenal gland. Total 
thyroidectomy with bilateral central and lateral neck dissections confirmed 
multicentric MTC metastatic to one right lateral neck lymph node.  Although only 
one parathyroid gland was removed, the findings were suggestive of parathyroid 
adenoma. 

Discussion and Conclusion: This case is remarkable for the relatively advanced 
patient age for presentation with this syndrome given the high-risk category as 
well as multifocality of the associated neoplasms. The general pathologist should 
be aware of the MEN2 risk stratification categories based on molecular profiling 
and the implications on patient care.
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Introduction
Multiple endocrine neoplasia syndromes (MEN) exhibit 
neoplasms in various organs due to different genetic mutations. 
Jacob Erdheim described the first case of MEN in 1903 [1]. In 

1968 Steiner et al. described MEN type 1 (MEN1) and MEN type 
2 (MEN 2) [2]. In 1973 MEN types 2A (MEN2A) and MEN type 2B 
(MEN2B) were described [3,4].

MEN1 (Wermer syndrome) is associated with parathyroid 
adenomas, pancreatoenteric neuroendocrine tumors, anterior 
pituitary tumors, and adrenal cortical tumors. MEN1 patients 
generally present at a mean age of 16 years, most commonly 
with hyperparathyroidism. MEN2 has an estimated prevalence 
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of 2.5 per 100,000 in the general population [5]. MEN2 includes 
MEN2A (Sipple’s syndrome), of which familial medullary thyroid 
carcinoma (FMTC) is a category, and MEN2B. MEN2A is the 
most common MEN2 syndrome and comprises 55% of cases. 
MEN2A is associated with medullary thyroid carcinomas, 
pheochromocytomas, and parathyroid adenomas. MEN2 
patients have a 70% to 100% risk of MTC by age 70-years [6]. 
MEN2 patients have pheochromocytoma as the first clinical 
presentation in only 10% to 30% of patients [7]. FMTC is the 
mildest variant of MEN2 and is seen in 10% to 20% of cases. FMTC 
should be considered when four family members have MTC only. 
MEN2B, which is more aggressive and associated with an earlier 
presentation, comprises 5-10% of MEN2 cases and is associated 
with MTC, pheochromocytomas, mucosal ganglioneuromas, 
and marfanoid body habitus. MEN4 patients present similarly to 
MEN1 patients but appear to have a different genetic mechanism. 
These patients are often diagnosed later in life (30 to 74 years) 
and usually have hyperthyroidism and may have parathyroid 
adenomas. A variety of endocrine and nonendocrine neoplasms 
may be seen in Table 1 [5,8].

MEN2A generally first manifests with MTC between the ages 
of 20-30 years of age. MTC, which accounts for 1-2% of thyroid 
cancers in the United States, has a 90% penetrance in MEN2A 
patients. MTC originates from thyroid C-cells, which secrete the 
32-amino-acid glycoprotein calcitonin and are more predominant 
in the upper poles of the right and left lobes. Calcitonin is a 
serologic tumor marker for MTC. The nests of tumor cells, 
which may be spindled, have neuroendocrine features (“salt 
and pepper” chromatin) and a fibrous background which may 
contain amyloid. MTC metastases are most commonly found in 
the cervical lymph nodes, however metastases have also been 
identified in lung, liver and bone. Pheochromocytomas and 

paragangliomas have a 50% penetrance in MEN2A patients and 
can cause hypertension, headaches, sweating and palpitations 
due to catecholamine production. Pheochromocytomas develop 
in the medulla of the adrenal gland and are commonly bilateral 
in MEN2. Paragangliomas develop in the paraganglia. Both show 
nests of cells (“Zellballen”) surrounded by spindled sustentacular 
cells. MEN2 patients with unilateral pheochromocytoma generally 
develop contralateral pheochromocytoma within 10 years [9]. 
Non-endocrine findings in MEN2A may include Hirschsprung 
disease (HD) and cutaneous lichen amyloidosis [10]. HD presents 
in the first few days of life and is diagnosed by a lack of ganglion 
cells in the distal intestinal wall. HD is associated with RET codon 
10 mutations and may exist without other MEN2A symptoms. 
Cutaneous lichen amyloidosis presents with itching, papules, and 
hyperpigmentation in the upper mid back; histologically amyloid 
is present [5,8,9,11].

We present a MEN2A patient of advanced age (for this syndrome). 
The general pathologist should be aware of the manifold 
presentations of MEN syndromes. The genetic mutation results 
are of particular interest in regard to genotype-phenotype 
correlation and risk group stratification.

Case Presentation                     
A 36-year-old male presented normotensive with occasional 
sharp headaches and slight weight loss. The patient’s sister was 
diagnosed five years prior with MEN2A syndrome. Laboratory 
testing showed elevated calcitonin (123.0 pg/mL), calcium (11.2 
MG/DL), parathyroid hormone level (2035 PG/ML), and alkaline 
phosphatase (1221 U/L). 24-hour urine testing showed elevated 
metanephrines (291 ug/d) and catecholamines (630 ug/24 hr). 
Ionized calcium was decreased (3.2 mg/dL).

Characteristics MEN1 MEN2A MEN2B MEN4

Types of 
endocrine 
neoplasms

Parathyroid adenomas (90%) MTC (90%) MTC (100%)
Parathyroid adenomas (majority)

Pancreatoenteric NETs (30-70%) Pheochromocytomas (50%) Pheochromocytomas (50%)

Anterior pituitary tumors (30-40%) Paragangliomas (50%) Small cell neuroendocrine cervical 
carcinoma

Adrenal cortical tumors (40%)

Parathyroid adenomas (20-
30%) Adrenal masses

FMTC Variant: MTC 95%

Bronchial carcinoid
Papillary thyroid carcinoma

Gastric carcinoid
Pancreatoenteric masses

Non-endocrine 
findings

Lipomas Cutaneous lichenoid 
amyloidosis Mucosal ganglioneuromas

Angiomyolipoma

angiofibromas
Schwannoma

Hirschsprung disease Marfanoid body habitus

Meningioma
collagenomas Liver hemangioma

ependymomas

Prostate cancer
Breast cancer

Lipoma
Uterine fibroids

Note: MEN- Multiple endocrine neoplasia, NET-Neuroendocrine tumor, MTC-Medullary thyroid carcinoma, FMTC-Familial medullary thyroid 
carcinoma

Table 1 Clinical characteristics of MEN syndrome types.
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Neck ultrasound revealed bilateral thyroid nodules (right – 1.2 cm 
and left – 1.4 cm in greatest dimension) and a 3.5 cm mass at the 
posterior inferior aspect of the right thyroid gland. A computed 
tomography of the abdomen revealed a hyperdense 1.2 cm 
nodule of the right adrenal gland and ill-defined nodularity of 
the left adrenal gland. Metaiodobenzylguanidine scan indicated 
increased radiotracer uptake in the adrenal glands bilaterally and 
left anterior neck.

Pathologic Findings
Results of familial mutation targeted testing (ARUP Laboratories, 
Salt Lake City, Utah) performed on the patient’s serum one 
year prior to presentation revealed RET oncogene mutation 
[c.1900T>C;p.Cys634Arg], confirming MEN2A. Fifteen months 
after this diagnosis, the patient underwent right adrenalectomy. 
An enlarged tan-yellow adrenal gland (12.3 g) measuring 5.6 
× 2.7 × 1 cm overall revealed two separates yellow – brown 
nodules, 0.9 and 1.0 cm in greatest dimension. Neither lesion 
appeared grossly to invade through the cortex or into the 
periadrenal fat. Histologic examination (H&E slides) of both 
nodules showed similar features: polygonal-shaped cells with 
abundant basophilic cytoplasm and round nuclei with nucleoli 
and clearing. The cells were arranged in nests (“zellballen”) 
(Figures 1a-1d). Immunohistochemical stains showed the tumor 
cells to be positive for synaptophysin and chromogranin. S-100 
highlighted sustentacular cells surrounding the “zellballen”. 
The Ki-67 proliferation index was less than 1%. No significant 
cytologic atypia, capsular or vascular invasion, significant mitotic 
activity, or necrosis was noted. The findings were consistent with 
multifocal pheochromocytomas of the right adrenal gland.

One month following his right adrenalectomy, the patient 
underwent total thyroidectomy with bilateral central and lateral 
neck dissections. The thyroid lobes were submitted separately 
and were enlarged. The right thyroid lobe weighed 25 g and 
measured 5.4 × 3.4 × 1.6 cm. The left thyroid lobe weighed 9 g 
and measured 4.9 × 2.5 × 1.3 cm. Grossly, bilateral gray-yellow 
firm nodules were seen (right-1.4 cm, upper pole; left-0.9 cm, 
upper pole). A 3.6 × 2.9 × 1.2 cm tan nodule was attached to 
the inferior posterior right thyroid gland. Six lymph nodes were 
identified in the right central neck compartment; five, in the left 
central neck compartment; thirty-four, in the right lateral neck; 
and twenty, in the left lateral neck.

Histologically, one additional right thyroid nodule was identified, 
measuring 0.1 cm. The three thyroid masses (two in right thyroid 
lobe and one in left thyroid lobe) had similar histologic features. 
Well-circumscribed nodules were seen with nests of round 
cells among fibrous stroma (Figure 2a). The nuclei had finely 
stippled (neuroendocrine-type) chromatin and scant eosinophilic 
cytoplasm (Figures 2b and 2c). Immunohistochemical stains 
showed the tumor cells to be positive for monoclonal CEA, 
calcitonin (weak), CD56, and chromogranin (weak, patchy) 
(Figures 2d-2g). Rare tumor cells were positive for TTF-1. The 
findings were consistent with multifocal medullary carcinoma. 
The surgical margins were free of tumor. One lymph node 
in the right lateral neck contained a less than 1 mm focus of 
metastatic medullary carcinoma positive for monoclonal CEA 
immunohistochemically (Figures 3a and 3b). The remainder of 
the lymph nodes contained no metastatic carcinoma.

Th mass attached to the inferior right posterior thyroid gland 
had a smooth tan-brown surface and a homogeneous tan-yellow 

Figure 1 (A) 0.9 cm right adrenal pheochromocytoma with surrounding rim of benign adrenal tissue 
(H&E stain, 20x). (B) 0.9 cm right adrenal pheochromocytoma with basophilic polygonal 
cells arranged in “zellballen” (H&E stain, 200x). (C) 1.0 cm right adrenal pheochromocytoma 
with surrounding rim of benign adrenal tissue (H&E stain, 20x). (D) 1.0 cm right adrenal 
pheochromocytoma with basophilic polygonal cells arranged in “zellballen” (H&E stain, 200x).
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Figure 2 (A) Well-circumscribed medullary carcinoma (H&E stain, 20x). (B) Medullary carcinoma with nests of cells in fibrous 
stroma (H&E stain, 200x). (C) Medullary carcinoma with round cells with finely stippled chromatin and scant eosinophilic 
cytoplasm. (D) Medullary carcinoma positive for monoclonal CEA (H&E stain, 200x). (E) Medullary carcinoma positive 
for calcitonin (weak) (H&E stain, 200x). (F) Medullary carcinoma positive for CD56 (H&E stain, 200x). (G) Medullary 
carcinoma positive for chromogranin (weak, patchy) (H&E stain, 200x).

Figure 3 (A) Right lateral neck lymph node with less than 1 mm focus of metastatic medullary carcinoma (H&E stain, 100x). (B) 
Monoclonal CEA positivity in metastatic medullary carcinoma of right neck lymph node (H&E stain, 100x).

cut surface. Histologic sections revealed a well-circumscribed 
nodule consisting primarily of chief cells with a rim of normal 
compressed parathyroid tissue (Figure 4a). The cells were 
arranged in a pseudo-glandular pattern, and rare oxyphil cells 
were seen (Figure 4b). Essentially no adipose tissue was seen, 
and no mitotic activity or atypia was observed. The findings 
showed hypercellular parathyroid tissue suggestive of adenoma. 
The other three parathyroid glands were not sampled; however, 
they were not enlarged radiologically nor was enlargement noted 
by the surgeon.

The postoperative course was unremarkable, and the patient 
now takes calcitriol, levothyroxine, and calcium carbonate. He 
continues to be monitored by his endocrine subspecialist for 
management of care.

Discussion
Although sporadic cases can occur, MEN syndrome inheritance 
is usually autosomal dominant, and offspring have a 50% risk 
of inheriting the disease. MEN1 is associated with MEN1 gene 
mutations (germline and somatic) which include frameshift 
and nonsense mutations, in-frame deletions, and missense 
alterations which have a tumor suppressor effect. Originally 
described in 1985, all MEN2 types are associated with germline 
RET proto-oncogene mutations, later mapped to chromosome 
10q11.2 [12,13]. MEN4 is associated with CDKN1B mutations, 
commonly p27 (Table 2) [8,9,14,15].

Neuroendocrine cells, which include thyroid C-, parathyroid, and 
pancreatic medullary cells, express RET. Missense mutations in 
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Figure 4 (A) Hypercellular right inferior parathyroid gland is well-circumscribed with a rim of normal parathyroid tissue (superior) 
(H&E stain, 100x). (B) The cells are arranged in a pseudo-glandular pattern and consist predominantly chief cells with 
rare oxyphil cells (H&E stain, 400x).

the RET proto-oncogene resulting in a gain of function cause 
MEN2, and over 100 different mutations have been identified. 
The RET gene, which has 21 exons, encodes receptor tyrosine 
kinase causing changes in growth and differentiation during 
development. The RET protein has a ligand-binding domain 
extracellular segment, a calcium-dependent cadherin-like 
domain, and a cysteine-rich domain nearest the cell membrane. 
The single transmembrane domain connects to the intracellular 
component, which has two tyrosine kinase subdomains. The 
glial cell-derived neurotrophic factor family of ligands use RET 
as their signaling receptor [16]. Common mutations are those 
of cysteine residues in the extracellular domain, which cause 
dimerization of the receptor in the absence of a ligand. This 
leads to autophosphorylation of RET, activation of downstream 
signaling pathways, and varying presentations of MEN syndromes 
[13,16,17]. With MEN 2A, 95% of patients have germline mutations 
in codon 634 of exon 11 and in codons 609, 611, 618 or codon 620 
exon 10. Somatic RET mutations, particularly M918T are seen in 
40-50% of sporadic MTC. Pheochromocytoma penetrance is 50% 
with codon 634 mutation carriers, approximately 20% with exon 
10 mutation carriers, and less than 5% in exon 13-15 mutation 
carriers [18,19]. Primary hyperparathyroidism is seen in 30-20% 
of MEN2A patients with RET 634 mutations and 2-5% with exon 
10 mutations [19,20]. FMTC syndrome is associated with low-
risk non-cysteine mutations in exons 13-15. 95% of MEN2B cases 
are due to a germline RET mutation in codon 918, the majority 
of which are de novo mutations of paternal origin B [21]. More 
indolent MEN2B is associated with RET mutation at codon 883 
[22,23].

Mutation MEN1 MEN2A MEN2B MEN4

Genetic Mutations
MEN1 gene menin RET gene (95%) germline mutations in 

codon 634 exon 11 or codons 609, 611, 618 
or codon 620 exon 10

RET gene (95%) germline 
mutation in codon 918 CDKN1B

chromosome 11q13

Note: MEN-Multiple endocrine neoplasia

Table 2 Most common genetic mutations associated with MEN syndrome types.

MEN2 patients are stratified for risk based upon the RET mutation, 
and genotype-phenotype correlation exists [24]. The highest risk 
mutation is RET M819T, which is associated with MEN2B and 
causes aggressive MTC at a young age. Metastatic MTC has been 
seen as early as 3 months of age with this mutation. The high-
risk group includes RET codon 634 mutations of exon 11, which 
are associated with early age onset of MTC, and MTC has been 
detected at age 10 months [25]. In patients younger than 10 
years, the MTC is rarely metastatic [26]. Hyperparathyroidism has 
a moderate penetrance with RET codon 634 mutations [9]. The 
moderate risk group is associated with the following mutations: 
exon 10 RET 609, 611, 618, 620 and exons 13-15. These lower risk 
mutations typically present with MTC later in life and with a less 
aggressive course [27].  Exon 10 mutations have a median age of 
MTC between 20 and 40 years of age, and metastases generally 
occur over 30 years of age [19]. Pheochromocytomas have a 
lower rate of penetrance with exon 10 RET codon mutations 
and are usually benign, multicentric, bilateral and confined to 
the adrenal gland. Hyperparathyroidism has a 2-12% penetrance 
with RET codon 609, 611, 618, and 620 mutations [9,23,28-30].

MEN2 surveillance and treatment emphasizes early diagnosis and 
treatment of MTC [6]. Prophylactic early thyroidectomies based 
on genetic mutational analysis in MEN2 has improved survival 
[23]. The highest risk group MEN2B pediatric patients with the 
most common M918T mutation should undergo prophylactic 
thyroidectomy before age 1 with level VI lymph node dissection 
if possible. Physical exam, neck ultrasound and serum calcitonin 
and carcinoembryonic antigen levels (including doubling times) 
are checked every 6 months and then annually. At age 11, 
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pheochromocytoma screening should be initiated. MEN2A 
patients should have pheochromocytomas removed prior to 
thyroidectomy [5]. The MEN2A pediatric high-risk group should 
have prophylactic thyroidectomy at or before age five based on 
calcitonin level. The semi-annual and annual checks as well as 
pheochromocytoma screening are the same as for the highest 
risk group. Pediatric MEN2A moderate risk patients should have 
prophylactic thyroidectomy when calcitonin becomes elevated 
or at the parents’ discretion. Pheochromocytoma screening 
is initiated at age sixteen. Adults with RET germline mutations 
should have annual calcitonin level screening. If this level 
becomes elevated, prophylactic thyroidectomy with lymph node 
dissection should be performed as well as pheochromocytoma 
screening [9]. After total thyroidectomy, the patients are treated 
with thyroxine replacement to normalize the thyroid-stimulating 
hormone level [31]. Tyrosine kinase inhibitors may be considered 
for unresectable, locally advanced and progressive metastatic 
MTC [32]. MEN1 pediatric patients should have screening for 
parathyroid, pituitary, and pancreatic neoplasms beginning less 
than ten years of age [33]. The most frequent cause of MEN1-
related death is pancreatoenteric NET complications [8].

All first-degree relatives of MEN patients should have genetic 
testing, which detects nearly 100% of carriers of mutations 
[5,23]. RET analysis most commonly includes DNA sequencing of 
exons 5,8,10,11, and 13-16 [23]. Patients diagnosed with MEN 
syndromes should have aggressive follow-up including imaging 
and additional genetic biomarker testing [8].

Conclusion
We described a molecular category high risk patient who 
presented at advanced age with newly diagnosed MEN2A 
syndrome. Serologic and urine testing, radiologic scanning, 
physical examination and history helped detect evidence of 
thyroid, parathyroid, and adrenal neoplasms. Histologically, 
bilateral, multifocal, metastatic MTC and unilateral multicentric 
pheochromocytoma were identified. The patient will have close 
follow-up. RET mutation analysis has become more common 
particularly with MTC. The general pathologist should be aware 
that with the increased molecular understanding of MEN2 
cancer syndromes comes a concomitant need to understand the 
differing genetic profiles of the numerous RET mutations and the 
implications on patient care.  
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