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Abstract
Multiple endocrine neoplasia type 2 is an autosomal dominant neoplastic syndrome with subtypes multiple
endocrine neoplasia type 2A, multiple endocrine neoplasia type 2B, and familial medullary thyroid
carcinoma. Medullary thyroid carcinoma universally coincides with multiple endocrine neoplasia type 2.
Multiple endocrine neoplasia type 2A is a rare disease and the affected patients are generally asymptomatic.
The morbidity and mortality are mainly due to medullary thyroid carcinoma and often proper clinical
workup is warranted for expedited surgical intervention. Total thyroidectomy along with neck dissection
may be required for disease control. This report will cover a patient who presented with medullary thyroid
carcinoma and was worked up to have multiple endocrine neoplasia type 2A. She underwent total
thyroidectomy with central neck dissection.
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Introduction
Multiple endocrine neoplasia type 2 (MEN2) is a rare neoplastic syndrome inherited in an autosomal
dominant fashion consisting of MEN2A, MEN2B, and familial medullary thyroid carcinoma (MTC) [1]. MEN2
is characterized by the 100% prevalence of MTC and an increased risk of developing other specific tumors
affecting additional glands of the endocrine system due to the mutations in the RET gene, located on
chromosome 10q11.2 [1]. Major characteristics of MEN2A include MTC, pheochromocytoma, and
hyperparathyroidism. MEN2B is characterized by MTC, pheochromocytoma, multiple mucosal neuromas,
and often a marfanoid habitus [2,3]. This mutation leads to the alterations of C cells derived from the neural
crest [1]. In patients with MEN2A syndrome, prophylactic thyroidectomy is recommended due to carriers
having a 100% risk of developing MTC during their lifetime [4,5].
MEN2A represents 95% of all MEN2 while MEN2B represents 5% of the remaining cases [6]. MTC leads to
fatal outcomes in MEN2A if it is inappropriately treated or goes undiagnosed. In familial cases where the
genetic diagnosis is made with RET mutation gene, a prophylactic thyroidectomy significantly reduces
morbidity and mortality [7]. Pheochromocytoma is rarely the first manifestation of MEN2A and is often
identified during screening exams in patients with MEN2. Pheochromocytoma occurs in 40% of patients
with MEN2A and is usually evident about 10 years later after MTC or C cell hyperplasia [3,8].

Case Presentation
A 33-year-old female was referred to the ENT practice by her primary care physician who presented with a
left thyroid nodule, difficulty swallowing, and left neck mass. Her vitals were normal and euthyroid with
calcium of 8.9 mg/dL (normal value 8.6-10.3 mg/dL). Ultrasound of the thyroid gland shows a 3 cm left
thyroid nodule with irregular borders, and intranodular vascularity (Figure 1A, 1B).
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FIGURE 1: Left thyroid ultrasound
(A) Sagittal view. (B) Transverse view. Bold arrows point to the nodule.

Upon further history, she noted thyroid and adrenal disease in her family. She was estranged from her family
over personal family issues at a young age, so she was unsure about the specifics regarding the thyroid and
adrenal disease. Given the ultrasound findings, a fine-needle aspiration (FNA) showed salt-and-pepper
chromatin, multinucleation, and the presence of amyloid, which was consistent with a diagnosis of MTC.
Given the FNA result, a laboratory test was obtained. In the laboratory tests, calcitonin was 377 pg/mL
(normal value <10 pg/mL) and plasma metanephrines were 13 pg/mL (normal value 12-60 pg/mL).
Carcinoembryonic antigen was 87 ng/mL (normal 0-2.5 ng/mL).
Due to the frequent involvement of cervical lymph nodes and multicentricity of disease in the thyroid, the
initial surgical management included total thyroidectomy along with bilateral central neck dissection and
bilateral level 2-5 neck lymph node dissection. Jackson Pratt drain that was placed into the surgical bed prior
to closure was removed when the drain output was less than 30 cc over 24 hours. She was admitted for
overnight observation and discharged the following day with a prescription of 125 mg of levothyroxine.
Histochemical investigation with hematoxylin and eosin shows small round blue cells along with
immunohistochemical staining for calcitonin being positive in the tumor (Figure 2A, 2B). These results were
consistent with MTC. Medullary carcinoma was also found to be in three lymph nodes removed from the
central neck dissection as well as one level III lymph node on the left.

FIGURE 2: Histopathology
Hematoxylin and eosin (A) at 400x magnification. Calcitonin immunohistochemcial stain (B) at 400x magnification.

At the four-month postoperative follow-up, calcitonin was 6 pg/mL (normal value <10 pg/mL) and
carcinoembryonic antigen was 1 ng/mL (normal 0-2.5 ng/mL), showing great surgical control of her MTC.
Genetic testing was carried out with peripheral whole blood for the RET mutation. The genetic analysis was
performed for the RET full gene analysis which utilizes sequencing to detect single nucleotide and copy
number variants in one gene associated with MEN2. Her results were positive for the V804M RET germline
proto-oncogene mutation which aids to confirm her diagnosis of MEN2A. She has a three-year-old son and
genetic testing was also positive for V804M RET germline proto-oncogene mutation. The son was referred to
a children’s hospital for further evaluation and management. On her postoperative visit and learning of her
diagnosis, she was able to reach out to her family to obtain a family history. The genetic pedigree was
suggestive of MEN2A given the syndrome in her other family member consisting of MTC, parathyroid
adenoma, and pheochromocytoma (Figure 3). The family members have since reached out to obtain their
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genetic tests.

FIGURE 3: Family pedigree
Arrowhead points to the patient (proband). Multigenerational pedigree of the family. RET mutation was only tested
on the patient and her son. The rest of the pedigree was obtained from the family history from the patient.

Discussion
MEN2 is a rare hereditary disease characterized by the presence of MTC, unilateral or bilateral
pheochromocytoma, and primary parathyroid hyperplasia [2]. The lifetime penetrance of MTC is nearly
100%, and there is variability in the other manifestations [6]. Patients should be properly worked up when
one of the syndromes is identified for MEN2 and family history should also be taken into account.
In an MEN2 patient, testing should be performed for immediate family members specific to the RET
mutation [1]. Genotyping should be done before the time of prophylactic thyroidectomy. The risk of
developing pheochromocytoma is variable with regard to penetrance [9]. Follow-up routine surveillance
every year with serum metanephrines or 24-hour urinary metanephrine is required [10].
Hyperparathyroidism in MEN2A is often mild and asymptomatic and yearly screening should be performed
with serum calcium. If calcium levels are elevated, an intact parathyroid hormone is indicated [11].
The American Thyroid Association guidelines recommend that prophylactic lateral neck dissections may be
considered based on serum calcitonin levels. Prophylactic ipsilateral central and lateral neck dissection
should be considered for patients with basal serum calcitonin 20 pg/mL, and contralateral lateral neck
dissection should be considered for serum calcitonin >200 pg/mL [4,5].
A study done by Mathiesen et al. found that mortality in MEN2 is mainly due to MTC. The 10-year diseasespecific survival rate was 98%, 93%, 87%, and 53% for MTC stages I, II, III, and IV, respectively, and the
overall 10-year survival is estimated to be 64% [12]. Pheochromocytomas are a rare cause of death in MEN2
patients [9]. The strongest prognostic factor is the stage of the disease and the presence of extrathyroidal
metastases at presentation [12,13]. Postoperative calcitonin within the normal range is associated with a 10year survival rate of 98% while calcitonin doubling times were associated with aggressive disease
progression and decreased overall survival [12,14].

Conclusions
MEN2 is a rare disease and the affected patients are generally asymptomatic. This case study illustrates the
importance of recognizing the clinical manifestations of MEN2. Early diagnosis and optimal workup allow
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for prompt interventions and to decrease the morbidity and mortality associated with MEN2. Affected
families should be managed with RET genetic testing and follow-up regarding the diagnosis. Mortality of
MEN2 is due to MTC and prophylactic total thyroidectomy is warranted. Patients will require long-term
follow-up and surveillance.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1.
2.
3.
4.
5.
6.
7.
8.

9.

10.
11.
12.
13.

14.

Eng C: Multiple endocrine neoplasia type 2: 1993-2022. GeneReviews® [Internet]. Adam MP, Mirzaa GM,
Pagon RA, Wallace SE, Bean LJH, Gripp KW, Amemiya A (ed): University of Washington, Seattle, WA; 1999.
Marini F, Falchetti A, Del Monte F, Carbonell Sala S, Tognarini I, Luzi E, Brandi ML: Multiple endocrine
neoplasia type 2. Orphanet J Rare Dis. 2006, 1:45. 10.1186/1750-1172-1-45
Utiger RD: Medullary thyroid carcinoma, genes, and the prevention of cancer . N Engl J Med. 1994, 331:8701. 10.1056/NEJM199409293311309
Wells SA Jr, Asa SL, Dralle H, et al.: Revised American Thyroid Association guidelines for the management
of medullary thyroid carcinoma. Thyroid. 2015, 25:567-610. 10.1089/thy.2014.0335
Kloos RT, Eng C, Evans DB, et al.: Medullary thyroid cancer: management guidelines of the American
Thyroid Association. Thyroid. 2009, 19:565-612. 10.1089/thy.2008.0403
Castinetti F, Moley J, Mulligan L, Waguespack SG: A comprehensive review on MEN2B . Endocr Relat Cancer.
2018, 25:T29-39. 10.1530/ERC-17-0209
Amodru V, Taieb D, Guerin C, et al.: MEN2-related pheochromocytoma: current state of knowledge, specific
characteristics in MEN2B, and perspectives. Endocrine. 2020, 69:496-503. 10.1007/s12020-020-02332-2
Kinlaw WB, Scott SM, Maue RA, et al.: Multiple endocrine neoplasia 2A due to a unique C609S RET
mutation presents with pheochromocytoma and reduced penetrance of medullary thyroid carcinoma. Clin
Endocrinol (Oxf). 2005, 63:676-82. 10.1111/j.1365-2265.2005.02400.x
Modigliani E, Vasen HM, Raue K, et al.: Pheochromocytoma in multiple endocrine neoplasia type 2:
European study. The Euromen Study Group. J Intern Med. 1995, 238:363-7. 10.1111/j.13652796.1995.tb01211.x
Moley JF, Debenedetti MK, Dilley WG, Tisell LE, Wells SA: Surgical management of patients with persistent
or recurrent medullary thyroid cancer. J Intern Med. 1998, 243:521-6. 10.1046/j.1365-2796.1998.00333.x
Waguespack SG, Rich TA, Perrier ND, Jimenez C, Cote GJ: Management of medullary thyroid carcinoma and
MEN2 syndromes in childhood. Nat Rev Endocrinol. 2011, 7:596-607. 10.1038/nrendo.2011.139
Mathiesen JS, Effraimidis G, Rossing M, et al.: Multiple endocrine neoplasia type 2: a review . Semin Cancer
Biol. 2022, 79:163-79. 10.1016/j.semcancer.2021.03.035
Mathiesen JS, Kroustrup JP, Vestergaard P, et al.: Survival and long-term biochemical cure in medullary
thyroid carcinoma in Denmark 1997-2014: a nationwide study. Thyroid. 2019, 29:368-77.
10.1089/thy.2018.0564
Skinner MA, Moley JA, Dilley WG, Owzar K, Debenedetti MK, Wells SA Jr: Prophylactic thyroidectomy in
multiple endocrine neoplasia type 2A. N Engl J Med. 2005, 353:1105-13. 10.1056/NEJMoa043999

2022 Yang et al. Cureus 14(7): e27504. DOI 10.7759/cureus.27504

4 of 4

