JOURNAL OF 108 - CLINICAL MEDICINE AND PHARMACY  Vol.17 - Dec./2022 DOI: https://doi.org/10.52389/ydIs.v17iTA.1652

Multiple endocrine neoplasia 2A with RET mutation
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Summary

MEN 2A is a complex autosomal

dominant
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inherited syndrome characterized by

pheochromocytoma (PC), medullary thyroid carcinoma (MTC) and primary parathyroid hyperplasia

(PHP). We report a case of 26 years old female offended with bilateral pheochromocytoma, medullary

thyroid carcinoma and primary hyperparathyroidism due to multiple endocrine neoplasia type 2A

confirmed by RET gene mutation p.Cys380Arg according to the GRCh38 (Genome Reference

Consortium Humain Build 38 Organism - 2013) classification. The mutation with a change of amino acid

380 from Cys (Cysteine) to Arg (Arginin) is found in more than one-half of kindreds with MEN2A.
Keywords: Multiple endocrine neoplasias 2A, RET gene.

1. Background

The MEN (Multiple endocrine neoplasias)
syndromes were first described in the early 1900s.
They contain a group of heterogeneous disorders
characterized by a predisposition for tumors
involving two or more endocrine glands. MEN
syndromes were classified into two principal
categories: MEN 1 and MEN 2.

MEN2 (formerly MEN2A) has a prevalence of 1in
30.000 individuals [1]. It is comprised of medullary
thyroid carcinoma (MTC) in 95% of patients,
pheochromocytoma (PC) in ~50% of patients, and
primary hyperparathyroidism (PHP) in 20-30% of
patients [2]. MTC may present with symptoms of
calcitonin excess, including diarrhea and flushing.
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PC can present with the class triad of palpitation,
headache, and diaphoresis. PC is more likely to be
bilateral. PHP in MEN2A is usually asymptomatic and
diagnosed concurrently with the diagnosis of MTC.

MEN2 are caused by mutations in the RET
(rearranged during transfection) proto-oncogene, a
21-exon gene located on chromosome 10q11.2 that
encodes a membrane-bound tyrosine kinase cell
surface receptor [3].

Screening for MEN2A is aimed at the early
detection of MTC, PC, and PHP.

Treatment for MEN2A for each manifestation
depends on location, risk of recurrence or
malignancy, hormone excess, and surgical
morbidity. MEN2 patients with RET mutation require
total thyroidectomy and complete resection of any
local or regional metastases. In Vietnam, MEN
syndromes are sporadic. Genetic testings are now
available, so it is simpler to get the diagnosis of MEN
and to explore the risk for mutations for the first-
degree relatives of the patient. However, there are
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two difficulties in treating patients who have
bilateral pheochromocytomas. Firstly is the patient's
suspicion of the bilateral adrenalectomy. Secondly is
the rarity of mineral corticosteroids for patients who
accept surgery.

2. Case presentation

A female patient, aged 26 years, with
undiagnosed hypertension before, was admitted to
the endocrinology department with complaints of
paroxysmal palpitation and headache for the last
four months. There is no history of endocrine
disorders in the patient or other family members.
The patient had no abnormal physical examinations.
No other symptoms like facial flushing, blurred
vision or sweating were observed. The thyroid
examination was regular and euthyroid.

Significantly, the blood pressure (BP) was high
during paroxysmal palpitation (Systolic BP varies
from 140-205mmHg, and diastolic BP varies from 50-
90mmHg), and heart rate (HR) ranged from 120-140
beats per minute.

Laboratory tests were within normal limits,
including complete blood count, fasting blood sugar,
liver function test, serum electrolytes, serum
creatinine, eGFR, chest X-rays, and ECG reports. Based
on symptoms like high blood pressure, headache, and
racing heart in a young nonsmoker female patient, we
suspected a provisional diagnosis of secondary
hypertension due to pheochromocytoma. The patient
was done biochemical investigations to confirm this
diagnosis.

Table 1. Plasma and urinary values for catecholamines and their metabolites

Test Result Reference range
Plasma dopamine 19pg/mL 0-100pg/mL
Plasma adrenaline 495pg/mL 0-600pg/mL
Plasma noradrenaline 88.33pg/mL 0-100pg/mL
24hour urine dopamine 410mcg/24hour 0-600mcg/24hour
24hour urine adrenaline 148mcg/24hour 0-20mcg/24hour
24hour urine noradrenaline 123.76mcg/24hour 0-90mcg/24hour

The immunology assay of 24 hours urine adrenaline was found to be very high (> 7 times average). This
result favored a diagnosis of pheochromocytoma. Then, abdominal CT scan confirmed the presence of a

bilateral adrenal tumor (Figure 1).
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Figure 1. Computed tomography of the abdomen

An abdominal CT scan identified bilateral adrenal tumors and no renal artery stenosis. The right adrenal
mass (arrow) measured 16 x 33mm with an unenhanced CT attenuation of 35HU; the relative percentage
washout (RPW) was 36.7%, and the absolute percentage washout (APW) was 50%. The left adrenal mass
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(open arrow) measured 28 x 32mm with an unenhanced CT attenuation of 45HU; the RPW was 9%, and the
APW was 28%. The CT attenuation was > 10HU and diagnostic of a lipid-poor adrenal mass. Both had slow
contrast washout (< 50% at 10 minutes).

The imaging and the biochemical findings suggested the diagnosis of pheochromocytoma. To investigate
the multiple endocrine neoplasias, the patient underwent thyroid ultrasound and cervical CT scan, which
confirmed the presence of thyroid nodules and lymph node metastases of stations IV and VI on both sides,
suggestive of malignancy such as hypoechoic, irregular borders, microcalcifications (Figure 2, Figure 3, Figure 4).

Figure 2. Ultrasound of thyroid nodule
The left and right lobes of the thyroid gland were at risk of malignancy with TIRADS 5

Figure 3. Computed tomography of thyroid nodule
The left lobe of the thyroid had a low attenuation nodule (maximum diameter of 10.6mm for nodule).
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Figure 4. Computed tomography of malignant cervical lymph nodes
On both sides, there were many cervical lymph nodes of stations I, I, IV, and V.
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Because of the suspicion of MTC in the MEN category, the Fine Needle Aspirarion (FNA) of the thyroid
nodules, the serum calcitonin and carcinoembryonic antigen (CEA) were investigated. The results of FNA
biopsy of thyroid nodules and lymph nodes was MTC (Figure 5). The diagnosis of MTC was also confirmed by
serum calcitonin of 959pg/ml (normal range from 0 to 9.82pg/ml) and the CEA values of 17ng/ml (normal

range from 0 to 5ng/ml).

Figure 5A. Cytology images of the right lobe thyroid
tumor show that the tumor cell has ovoid or
elongated nuclei, wide cytoplasm with inconspicuous
margins and basophilic nuclei with no characteristics
of papillary nuclei.
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Figure 5B. Cytology images of the carcinoma
metastasis to the lymph node: The lymphoid cells
with round small nuclei, in cohesive clusters (black
arrow) or isolated individual cells (red arrow).

Screening for PHP with serum calcium levels corrected for albumin elevated was 2.6mmol/I, and normal
serum phosphate was 1.17mmol/l. Parathyroid hormone (PTH) measurement confirmed the diagnosis of
PHP with high level of PTH was 107.2pg/ml. CT scan of parythyroid gland and parathyroid scintigraphy using

99mTc-MIBI were performed (Figure 6, Figure 7).
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Figure 6. Computed tomography of left (1¥) and right (2™) parathyroid gland
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A contrast CT scan of the neck showed parathyroid hyperplasia. The left superior parathyroid gland
measured 11.2 X 8.3mm and the right inferior parathyroid glands measured 9.6 x 6.9mm (bigger than the
normal pea-sized).

Figure 7. Parathyroid 99mTc-MIBI scan: Parathyroid gland not visible

Given the age of disease onset and pathological confirmation of the diagnosis of a chromaffin tumor,
the suspicion of MEN 2A syndrome was raised and genetic testing to identify RET gene mutations was
performed. Genetic testing confirmed a c.1138T>C (p.Cys380Arg) heterozygous pathogenic mutation in
exon 10 of the RET gene (Figure 8).
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Figure 8. Genetic analysis report

This patient was diagnosed MEN2A with PHEO, lymph nodes dissection and resection of left uper
MTC and PHP. We planned for surgical bilateral —and right inferior parathyroid glands. The patient
adrenalectomy, total thyroidectomy with cervical ~Was prepared for the surgery by cardiologists. She
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was first given doxazosin (an alpha blocker), starting
with 4mg/day and increasing up to 8mg then
metoprolol (a beta blocker) 50mg/day starting from
the seventh day to control the tachycardia. Blood
pressure (BP) was controlled with systolic BP 100-
120mmHg and diastolic BP 70 to 50mmHg).
Adequate hydration and salt loaded diet was given
to prevent intra-operative sudden drop in blood
pressure.

The genetic testing for mutations in the RET
gene is recommended for all her family members.

3. Discussion

Multiple endocrine neoplasias (MEN) are
characterized by the occurrence of tumors involving
more than two endocrine glands in a single patient.
Up to now, three major types of MEN have been
recognized and referred to as type 1 (MEN1), type 2A
(MEN2A), and type 2B (MEN2B). MEN2A represents
95% of all MEN2, while MEN2B represents 5% of the
remaining cases [3]. Multiple endocrine neoplasia 2A
(MEN2A) is a rare autosomal-dominant genetic
syndrome. The main components of MEN2A are
medullary thyroid carcinoma (MTQ),
pheochromocytoma (PHEO), and primary
hyperparathyroidism (PHP), with an incidence of
about 1/30.000 individuals. The morbidity and
mortality are mainly due to medullary thyroid
carcinoma. RET gene sequencing is the gold standard
for the diagnosis of MEN. The most frequent
mutations are in exons 10 and exons 11. In a MEN2
patient, testing should be performed for immediate
family members specific to the RET mutation [4].

In this report, our patient was diagnosed with
MEN2A presented by PHEO, MTC, and PHP. The first
step in this approach was to diagnose PHEO. The
patient had the first clinical manifestation of PHEO
(symptoms of adrenaline release) consistent with
previous studies and the literature. The urinary
values for catecholamines and their metabolites
were higher seven times than usual. On computed
tomography (CT), the typical appearance of a
pheochromocytoma is a mass with an unenhanced
density more significant than 10HU, bilateral avid

contrast enhancement due to a rich capillary
network, and delayed washout [5]. With our patient,
abdominal CT scan characteristics fulfilled criteria
with unenhanced attenuation values > 10HU (35HU
for the right and 45HU for the left, both had slow
contrast washout (< 50% at 10 minutes).

The second step was the diagnosis of MTC,
confirmed by an FNA biopsy of thyroid nodules and
lymph nodes. She had bilateral cervical lymph node
metastases of stations II, Ill, IV, V and VI, so the
predictive survival was poor [6]. The development of
MTC in MEN2A is almost certain [3], even with
microscopic MTC. Lymph node metastases decrease
the patient’s prospects of cure from 95% (with 0
metastases) to 31% to 57% (with 1-10 lymph node
metastases) [7].

The next step was to diagnose PHP by elevated
calcium levels corrected and parathyroid hormone
levels [8]. In our patient, sestamibi scans were
negative. The sensitivity of sestamibi scanning has
been documented as ranging from 70% to 85%,
depending on the source and the inclusion criteria.
The rate of false negatives depends on various
factors, including the size of the adenoma,
multiglandular disease, and the location of
hyperplastic tissue [9]. Studies have acknowledged
the problem of negative sestamibi scans in a patient
with lower preoperative PTH, and it s
recommended to undergo further imaging, such as
computed tomography. Our patient had a PTH
result not too high, 107.2pg/ml, but the cervical CT
has localized the parathyroid hyperplasia.

In one cohort study of Alysandra et al, in the
USA, between March 2001 and April 2006, 578
consecutive  patients with HPT underwent
parathyroidectomy by a single surgeon,
preoperative sestamibi had been done in 458
patients and 90 (20%) of which had negative results.
This study showed that patients with a negative
sestamibi generally had minor parathyroid glands at
the time of surgery than the average gland weight
reported in most other studies. Therefore, even in a
negative sestamibi scan, most patients with primary
HPT are still candidates for minimally invasive
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parathyroidectomy [10]. Fortunately, in this case, the
complication accompanying PHP not present, such
as hypercalciuria and osteoporosis.

Regarding diagnosis, MEN2A should be suspected
in individuals with one or more specific endocrine
tumors: Medullary thyroid carcinoma,
pheochromocytoma, or primary hyperparathyroidism.
Our patient had had enough of these endocrine
disorders, so the diagnosis of MEN2A was raised.

The patient was tested for the RET gene and

found heterozygous mutation ¢.1138T>C
(p.Cys380Arg). The RET gene is located on
chromosome 10. According to the GRCh38
classification  (Genome Reference Consortium

Humain Build 38 Organism - 2013), the RET gene is
located at position 43114500. This c¢.1138T>C
(p.Cys380Arg) mutation is a form of the gene. point
mutation, dominant, heterozygous, codon 1138
changes from T to C, resulting in a 380 amino acid
change from Cys (Cysteine) to Arg (Arginine). Due to
the GRCh38 and GRCh37 gene classification
updates, the mutation we found is also the
¢.1900T>C (p.C634R) mutation according to the
GRCh37 classification. As previously documented,
codon 1900 T to C resulted in an amino acid change
from 634 Cys to Arg. Therefore, we use mutant
¢.1138T>C (p.Cys380Arg) according to the latest
classification for easy tracking. The ¢.1138T>C
(p.Cys380Arg) mutation accounted for 85% of all
mutations identified in MEN2A and the Cysteine to
Arginine substitution at that site c¢.1138T>C
(p.Cys380Arg) was found. in more than half of the
genes with MEN2A [13]. Several cases of MEN2A
have been described with mutations in the tyrosine
kinase domain in protein 790 or 804 [11]. In 2020,
Nguyen Hai Ha et al. reported a case of MEN2A in a
Vietnamese family with the c¢.1138T>C mutation
(p.Cys380Arg) similar to our patient [12]. Searching
the NCBI bank and wusing the VARSOME
bioinformatics tool, we found that this is a highly
pathogenic polymorphic PS5 (Pathogen Strong 5),
such as the American Society for Medical Genetics
(ACMG)) recommended. The frequency of the
polymorphism is f =0.0000121 in the population. For
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the East Asian population, the allele frequency is
0.000054, meaning that in 1 million people, there
are 54 allele carriers, which is not a small
percentage.

Treatment for pheochromocytoma is urgent
surgical resection; however, blood pressure must be
controlled preoperatively with a-blockers to prevent
a hypertensive crisis. After the surgical bilateral
adrenalectomy, the patient needs total
thyroidectomy, cervical lymph node dissection, and
resection of the left upper and right inferior
parathyroid glands. MTC cells do not concentrate
radioactive iodine, and the effect of chemotherapy
is also limited. In advanced MTC, tyrosine kinase
inhibitors have yielded promising results in phase Il
trials. Vandetanib was the first drug to be approved
for the treatment of advanced MTCin 2011 [13].

4, Conclusion

MEN2A should be suspected in individuals with
one or more specific endocrine tumors: medullary
thyroid  carcinoma, pheochromocytoma, or
parathyroid adenoma/hyperplasia. RET gene
sequencing is the gold standard for the diagnosis of
MEN. Patients with MEN2A should be screened
regularly and managed by a multidisciplinary team.
Genetic testing for mutations in the RET gene is
recommended, especially for first- or second-degree
family members of the patient.
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