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Abstract 
Background and objectives: Genetic testing of the RET proto-oncogene allows for early diagnosis 
of multiple endocrine neoplasia syndrome type 2 and establishes a correlation between genotype 
and clinical manifestations. The purpose of this study was to demonstrate the benefits of early 
diagnosis with genetic testing followed by prompt surgery for curing medullary thyroid carcinoma 
(MTC) as compared to later diagnosis with serum calcitonin.
Patients and method: A retrospective, descriptive study of 8 members of a family with MEN 2A 
due to C634Y mutation. We performed serum calcitonin screening until 1999, and subsequently 
RET genetic testing. The carriers underwent total thyroidectomy, periodic determination of 
calcitonin, urinary metanephrines, calcium, and phosphorus, and cervical and abdominal 
imaging techniques.
Results: Five patients were diagnosed by calcitonin familial screening and at the time of writing 
all of them had high calcitonin levels. Three patients were diagnosed by genetic testing (an 
adult and two children) and were free of disease. Calcitonin was closely monitored in the 
children, who underwent surgery when it started to rise at 6 and 10 years of age respectively, 
nodular C-cell hyperplasia having been found in both. Three of the eight carriers developed 
bilateral and asynchronous pheochromocytoma, half had normal urinary metanephrine levels 
and two also had MTC. No patient had biochemical data suggesting hyperparathyroidism 
although in one patient multiple parathyroid adenomas were found at thyroidectomy.
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Introduction

Multiple endocrine neoplasia type 2 (MEN2A) syndrome was 
described in 1961 by Sipple, who proposed a connection 
between bilateral pheochromocytoma and thyroid 
carcinoma1. Steiner subsequently coined the term MEN2 and 
noted that the phenotype was wider and included medullary 
thyroid carcinoma (MTC), pheochromocytoma, and 
hyperparathyroidism. MTC is the main element in MEN2A, 
occurr ing  in  more  than  95% of  pat ients ,  wh i le 
pheochromocytoma occurs in 50% and hyperparathyroidism 
in 10%-30% of patients2-4. The latency period until complete 
occurrence of the syndrome is also long, up to several 
decades. There are two variants, one with Hirschsprung’s 
disease and the other with skin amyloidosis. MEN2B is 
c h a r a c t e r i z e d  b y  e s p e c i a l l y  a g g r e s s i v e  M T C , 
pheochromocytoma, ganglioneuroma, and Marfanoid habit. 
Familial MTC (FMTC) is an incomplete variant in which only 
MTC occurs,  but is  occasional ly associated with 
Hirschsprung’s disease or cutaneous lichen amyloidosis.

MEN2 is a genetic disorder of an autosomal dominant 
inheritance with an almost 100% penetrance caused by 
missense mutations (substitution of an amino acid for 
another) in the germ line of the RET proto-oncogene 
(rearranged during transfection). The RET gene is located in 
chromosome 10 (10q11.2) and consists of 21 exons. The 
gene encodes for a tyrosine kinase receptor which is 
expressed in cells derived from the neural crest and is 
involved in cell growth and differentiation processes. Its 
mutations mainly affect four types of tissue, all of them 
derived from the neural crest: thyroid C cells, parathyroid 
cells, chromaffin cells from adrenal medulla and enteric 
autonomic plexus5. In MTC, tumor development occurs as a 
result of constitutive receptor activation, which in MEN2A 
leads to accelerated cell proliferation6. Each tissue has a 
d i f f e r e n t  s e n s i t i v i t y  t o  R E T  a c t i v a t i o n ,  a n d 
pheochromocytoma and hyperparathyroidism therefore only 
occur in certain mutations, especially those in codon 634.

RET mutation is thought to be in the ratio of 1 carrier per 
500,000 inhabitants/year7. The estimated prevalence of 

Fenotipo de la mutación C634Y del protooncogén RET en el MEN2A: a propósito  
de una familia

Resumen 
Antecedentes y objetivos: El estudio genético del protooncogén RET permite un diagnóstico 
precoz del síndrome de neoplasia endocrina múltiple tipo 2 y establece una correlación entre el 
genotipo y las manifestaciones clínicas. El objetivo del presente trabajo es demostrar los bene-
ficios del diagnóstico precoz por estudio genético seguido de tratamiento temprano en la cura-
ción del carcinoma medular de tiroides (CMT) frente al diagnóstico más tardío con la calcitonina 
sérica.
Pacientes y método: Estudio descriptivo retrospectivo de 8 miembros de una familia con MEN2A 
por mutación C634Y. Se realizó despistaje con calcitonina sérica hasta 1999 y estudio genético 
de RET posteriormente. A los portadores se les realizó tiroidectomía total y determinaciones 
periódicas de calcitonina, metanefrinas urinarias, calcio, fósforo y pruebas de imagen a nivel 
cervical y abdominal.
Resultados: Los 5 pacientes diagnosticados por despistaje familiar con calcitonina presentan en 
la actualidad cifras de calcitonina elevadas. Los 3 diagnosticados por estudio genético (un adul-
to y dos niños) se encuentran libres de enfermedad. En los niños se monitorizó la calcitonina y 
se les intervino cuando esta comenzó a elevarse, a los 6 y 10 años respectivamente, hallándose 
hiperplasia nodular de células C en ambos. De los 8 afectos 3 presentaron feocromocitomas, 
bilaterales y asincrónicos, la mitad con metanefrinas urinarias normales y dos simultáneos al 
CMT. Ningún paciente presentó alteraciones bioquímicas sugestivas de hiperparatiroidismo aun-
que en uno se descubrieron adenomas paratiroideos múltiples durante la cirugía tiroidea.
Conclusiones: El estudio genético de RET ha conseguido el diagnóstico y tratamiento precoces y 
por tanto la curación del CMT en nuestros pacientes, orientándonos sobre el momento y tipo de 
cirugía adecuados y permitiendo correlacionar fenotipo-genotipo, ejemplificando cómo una al-
teración genética se asocia a patología que podemos prever y manejar mejorando el pronóstico 
de nuestros pacientes.
© 2010 SEEN. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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Conclusions: RET genetic analysis allowed for early diagnosis and treatment with no development 
of MTC in our patients, gave early guidance about the type of surgery required, and allowed for 
genotype-phenotype correlation. It demonstrates how genetic change is associated with a 
pathology we can prevent and manage, thereby improving the prognosis of our patients.
© 2010 SEEN. Published by Elsevier España, S.L. All rights reserved.
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MEN2 is 1/30,000 inhabitants, and MEN2A is found in more 
than 80% of cases8. Age at MTC presentation and frequency 
of parathyroid and adrenal medulla involvement do not 
usually depend on the type of amino acid replacing the 
original one, but on the codon where this replacement 
occurs, although some specific mutations are related to the 
course of the disease9. It has been postulated that the risk 
of progression depends on the transformation potential of 
the mutation in each individual10. Different RET mutations 
associated with MEN2A have been reported to date, of which 
mutations in codon 634 are the most common, accounting 
for 80% of germline RET mutations. This mutation results in 
a variegated clinical phenotype, which may be expressed as 
familial MTC (FMTC) or MEN2A. In virtually 100% of cases, 
the carriers develop an early occurring MTC with high 
metastasis, persistence, or recurrence rates11. This is 
therefore considered to be a high-risk mutation12. It is 
closely related to pheochromocytoma4,11 and sporadically 
related to hyperparathyroidism. Mutation in codon 634 is 
associated with cutaneous lichen amyloidosis and is not 
causally related to Hirschsprung’s disease.

In this regard, a genotype-phenotype correlation is known 
to exist, i.e. if the mutated codon is known, the age at which 
MTC will develop may be predicted. This has led to groups at 
risk being identified and specific recommendations being 
made regarding both the timing and type of surgery based on 
the youngest patient diagnosed with MTC, the youngest age 
at which nodal metastases occur, and the mean age of MTC 
onset in each family with a given mutation4. Prophylactic 
thyroidectomy in mutation carriers has changed the natural 
history of the disease, and is the most representative example 
of primary prevention of a genetic cancer13.

It is not exactly known why some members of a family 
with the same mutation develop pheochromocytoma or 
hyperparathyroidism while others do not14, but environmental 
or genetic factors such as RET polymorphisms have been 
proposed. Such factors, together with the occurrence of 
somatic mutations, could account for the genetic 
anticipation phenomenon by which the phenotype becomes 
more aggressive with each successive generation. Hence the 
importance of lifetime monitoring of people with RET 
mutations.

A descriptive, evolutionary study was conducted in a 
family with MEN2A due to a C634Y mutation in RET proto-
oncogene followed up for more than 20 years.

Subjects and method

Twenty people belonging to three generations of a family 
with MEN2A due to a C634Y mutation were studied. First-
degree relatives of the index case (patient 1, Table 1), 
diagnosed with MTC in 1989, were studied by serum 
calcitonin measurements up to 1999, and then with genetic 
testing of the RET proto-oncogene, which was also performed 
in the children of carriers. One side of the family refused 
follow-up (Fig. 1). Mutation could have been transmitted 
through the paternal line, as the mother of the index case 
died at 87 years, while the father died before 40 years of 
age from an unknown cause.

MTC monitoring consisted of regular measurement of 
serum calcitonin levels, neck ultrasound, and an octreoscan 

from the year 2000 when increased serum calcitonin levels 
were found and no residual thyroid tissue was shown by 
imaging techniques (neck ultrasound and neck and chest CT 
scan).

All carriers underwent annual urinary metanephrine tests 
by HPLC and abdominal imaging techniques: MRI every three 
years in adults and annual ultrasonography in children. 
Calcium and phosphorus levels were annually monitored to 
detect hyperparathyroidism, but have been normal to date 
in all patients.

Results

Medullary thyroid carcinoma

Of the 8 patients, 3 were diagnosed by genetic testing, two 
of them at 2 and 3 years of age (patients 7 and 8) and one at 
an adult age (patient 5). In children, annual calcitonin 
measurements were performed, and elective surgery was 
decided when calcitonin levels reached the upper limit of 
normal, which occurred at 10 years in patient 7 and at 6 
years in patient 8. Surgery consisted of total thyroidectomy, 
and pathological examination revealed nodular C-cell 
hyperplasia in both patients. Seven years later, they were 
free of disease and had no sequelae derived from surgery. 
Patient 5 was diagnosed at 34 years of age and underwent 
total thyroidectomy with central lymphadenectomy. 
Multicentric MTC with no nodal involvement was detected, 
and at the time of writing the patient had no evidence of 
disease either.

As the high calcitonin levels would suggest, the index case 
and the 4 relatives diagnosed by calcitonin screening were 
not cured, although long-term remissions were seen in some 
of them (Table 1). Cervical lymphadenectomy was not 
performed in any of them, and we therefore do not know 
whether there were lymph node metastases at diagnosis.

The mean duration of disease remission, defined as 
undetectable or normal baseline serum calcitonin levels, 
was 11.8 years.

Pathological examination revealed different varieties of 
MTC, which was multicentric and bilateral in all patients, 
and in patient 5 was also associated with parathyroid 
hyperplasia.

Pheochromocytoma

Three of the 8 patients had bilateral and asynchronous 
pheochromocytoma. Three were detected by high urinary 
metanephrine levels, and three by imaging techniques. The 
index case (patient 1) was the only patient who underwent 
surgery without a prior study of pheochromocytoma. Urinary 
metanephrine levels were normal in patient 5 before thyroid 
surgery, but subsequent imaging techniques showed the 
presence of an adrenal mass which turned out to be a 
pheochromocytoma.

Hyperparathyroidism

Only patient 5 experienced parathyroid hyperplasia, 
which was not diagnosed before thyroid surgery because 
he had normal calcium and phosphorus levels. Resection 
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characterization has resulted in a total change in 
management thanks to early diagnosis and treatment, which 
has had a satisfactory impact on its prognosis. Genetic 
testing has allowed not only for early diagnosis of MTC, but 
also for carrier management before disease development, 
unlike lifetime monitoring of serum calcitonin levels in all 
first-degree relatives. In our study, elevated calcitonin 
levels already reflected the presence of tumor. Early 
treatment for MTC represents the paradigm for the primary 
prevention of hereditary cancer in humans13. On the other 
hand, the presence of a given mutation is associated with a 
characteristic clinical presentation, which allows for a 
genotype-phenotype correlation which is essential for 
patient management.

Mutation in codon 634 is the most common and, obviously, 
the best known of the multiple mutations reported. This 

of grossly enlarged parathyroid glands caused severe 
hypoparathyroidism with high calcium and vitamin D 
requirements.

Other

As regards other findings associated with MEN2, cutaneous 
lichen amyloidosis was found in two patients. None of them 
had Hirschsprung’s disease. Table 2 shows other findings 
unrelated to MEN2.

Discussion

MEN2A or syndrome of multiple endocrine neoplasia type 2A 
is due to mutations in the RET proto-oncogene. Its 

Figure 1  Family tree of a MEN2A family with C634Y mutation.

Table 1  Characteristics of medullary thyroid carcinoma in a MEN2A family

Patient	 Form of	 Age at S	 Year of S	 Type of S	 Pathology	 Free of	 Time free 
	 diagnosis					     disease	 of disease

1	 Index case. 	 48	 1989	 Near-total	 Multicentric MTC	 No	 17 years 
	 Histological 			   thyroidectomy			    
	 study						    
2	 Calcitonin 	 58	 1995	 Extended total	 Intrathyroid	 No	 9 years 
	 screening			   thyroidectomy	 bilateral MTC		
3	 Calcitonin 	 31	 1990	 Total	 MTC throughout	 No	 6 years 
	 screening			   thyroidectomy	 the specimen		
4	 Calcitonin 	 28	 1990	 Total	 MTC with	 No	 16 years 
	 screening			   thyroidectomy	 follicular foci		
5	 Genetic 	 34	 2000	 Total	 Multicentric MTC. 	 Yes	 9 years 
	 study			   thyroidectomy 	 Parathyroid 
				    and central 	 hyperplasia 
				    lymphadenectomy			 
6	 Calcitonin 	 23	 1991	 Total	 Multifocal MTC	 No	 11 years 
	 screening			   thyroidectomy			 
7	 Genetic 	 10	 2002	 Total	 Nodular C-cell	 Yes	 7 years 
	 study			   thyroidectomy	 hyperplasia		
8	 Genetic 	 6	 2002	 Total	 Nodular C-cell	 Yes	 7 years 
	 study			   thyroidectomy	 hyperplasia		

S: surgery.

12

3 4 5 6

7

Sin estudio genético No portador Portador Índex

8

No genetic study Non-carrier Carrier Index
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mutation causes an impairment in the tyrosine kinase 
receptor encoded by RET, conferring on it a gain of function 
by ligand independent receptor dimerization and constitutive 
activation. This mutation has been associated with all signs 
reported in MEN2A.

In our series, only patients treated early due to the 
genetic study were free of disease, while all the others 
showed evidence of persistence or recurrence. The poorer 
course in the biochemically diagnosed group could be 
attributed to the lack of the prophylactic central 
lymphadenectomy recommended by current guidelines12, or 
to the fact that a calcitonin-based diagnosis, made at a 
later time, could have been associated with a poorer 
prognosis because the condition was at a more advanced 
stage. This was not histologically confirmed because 
lymphadenectomy and biopsy of lateral cervical and 
mediastinal lymph nodes were not performed, as these 
patients underwent surgery years before the current 
guidelines recommending these practices were issued.

Medullary thyroid carcinoma

MTC in mutation 634 occurs early, is aggressive, and has  
a great metastasizing capacity, which involves high 
persistence or recurrent rates after surgery. Disease-free 
intervals up to 17 years followed by recurrence have been 
found in our patients. MTC development starts with C-cell 
hyperplasia, a pretumoral stage, which evolves very 
differently over time, forming bilateral and multicentric 
foci. This is the first neoplasm to develop and is the most 
common cause of death in patients with MEN2. No deaths 
occurred in our series, despite the fact that 10-year survival 
rates ranging from 71%-100% have been reported in the 
literature for patients with stage I-III MTC. The rate 
decreases to 21% in stage IV MTC15, but there are no specific 
data for MEN2A.

Prophylactic thyroidectomy is the usual practice in disease 
carriers. While surgery could be indicated before the age of 
5 years because this is a high-risk mutation12 (Table 3), we 

decided to perform close monitoring and to program surgery 
if slightly elevated calcitonin levels, even within the normal 
range, were found. This decision was agreed with the 
parents because they were reluctant to surgery in infancy. It 
should be noted that the age of presentation in this family 
had not been particularly young and its course could be 
considered benign, with a 100% survival rate to date. While 
family members were aware of the genetic study, they had 
complete confidence in the diagnostic value of calcitonin. 
Prophylactic thyroidectomy was therefore performed at  
6 and 10 years of age in patients 7 and 8, and pathological 
examination revealed C-cell hyperplasia.

Genotype-phenotype correlation has some limitations. 
Mutations in certain codons are known to be able to cause 
different clinical expressions16, while those in exons 10 and 
11 (extracellular domain) are associated with MEN2A or 
FMTC. Some mutations are associated with the development 
of MTC and other endocrine tumors when they occur in 
homozygosis or are associated with somatic mutations17. Age 
at MTC occurrence may vary if the normal RET allele is lost 
or the mutated allele is duplicated17. In addition, although 
the genotype-phenotype correlation is useful for MTC, it 
does not accurately predict for development of 
hyperparathyroidism or pheochromocytoma or the age at 
which they will occur.

Pheochromocytoma

Pheochromocytoma in MEN2A is more common with the 634 
mutation than with other mutations. It is typically bilateral, 
does not experience malignant transformation, and is not 
found in extra-adrenal locations. Pheochromocytoma is the 
first sign of MEN in 25% of cases, is concomitant with MTC in 
35%, and occurs after the latter in 40%18-20. In our series, 
pheochromocytoma was not diagnosed before MTC in any 
patient. Mutations in codon 634 have been found in children 
aged 5 to 10 years, and screening should therefore be 
started before thyroidectomy or any other surgery is 
performed and repeated every year. The measurement of 

Table 2  Tumors associated with MEN2 and other clinical findings

Patient	 Pheochromocytoma	 High metanephrine	 Synchronous	 Hyperparathyroidism	 Other 
		  levels	 with MTC		

1	 Bilateral	 Yes	 Yes	 No	 Café-au-lait spots
2	 No			   No, postoperative  
				    hypoparathyroidism
3	 No			   No
4	 No			   No	 Cutaneous lichen  
					     amyloidosis
5	 Bilateral	 No		  Yes	 Café-au-lait spots 
					     Wolff-Parkinson-White  
					     syndrome
6	 Bilateral	 No (1st)	 Yes	 No	 Cutaneous lichen  
					     amyloidosis
		  Sí (2nd)			   Hepatic carcinoid  
					     tumor
7	 No			   No
8	 No			   No



234� P. Sánchez Sobrino et al

fractionated catecholamines and metanephrines in 24-hour 
urine is advised for screening. Some recommend the testing 
of serum metanephrines because of their greater 
sensitivity,but this is not supported by some studies21. In our 
series, only half the patients had high urinary metanephrine 
levels. Guidelines advise the performance of imaging tests 
at the time of biochemical diagnosis and every 3 to 5 years 
from 15 years of age10.

Hyperparathyroidism

Hyperparathyroidism is the least common finding in MEN2A. 
It is associated with mutations in codon 634, and annual 
measurement of serum calcium and PTH is therefore 
recommended because it is most often asymptomatic. In a 
normocalcemic patient with MEN2A, one or more enlarged 
parathyroid glands may be found, as occurred in patient 5. 
Prophylactic resection may lead to permanent hypocalcemia 
and is questionable22.

Lichen amyloidosis

This is a pruritic skin lesion, usually located in the upper 
back. Not all patients with lichen amyloidosis have RET 
mutations, but when the condition is associated with MTC 
there are usually mutations in codon 634, except for the 
case of one patient with mutation in codon 80423. Lichen 
amyloidosis is thought to be possibly related to a sensory 
abnormality in dermatomes C6-T6, which would lead to 
neurological pruritus and amyloid deposit as a consequence 
of repeated scratching24. Two cases were seen in our family, 
both detected several years after MTC diagnosis, although 
the condition has also been reported before MTC.

Conclusions

MEN2A is a genetic syndrome with varied clinical signs and 
symptoms causing significant morbidity. Genetic study of the 
RET proto-oncogene allowed for early diagnosis and treatment 
of MTC in our patients, and has been determinant for 
maintaining remission after surgery in already developed MTCs. 
It also guided us as to both the type of and the timing of the 
surgery required by permitting phenotype-genotype correlation. 
Mutation 634 is an example of how a genetic change is 
associated with a disease that may be predicted and managed, 
thus significantly improving prognosis in these patients.
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