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RESUMO
Introdução: O carcinoma medular da tireoide é um câncer raro que se 
origina nas células C parafoliculares e pode ser esporádico ou hereditário. 
Tanto as doenças esporádicas quanto as hereditárias são causadas 
principalmente por mutações no proto-oncogene RET. Objetivo: Investigar 
variantes germinativas patogênicas do gene RET em uma coorte de 
pacientes com carcinoma medular da tireoide no Estado da Bahia. Método: 
Estudo transversal, descritivo, envolvendo pacientes com diagnóstico 
histopatológico de carcinoma medular da tireoide, encaminhados para testes 
moleculares de 2020 a 2022. Dados clínicos e patológicos foram coletados 
de dados médicos. O DNA genômico foi extraído do sangue periférico. 
Os éxons 10, 11, 13, 14 e 15 do RET foram amplificados usando a técnica 
de reação em cadeia da polimerase e posteriormente sequenciados usando 
o método de Sanger. Resultados: O estudo incluiu 29 pacientes (82,8% 
mulheres). A idade média no diagnóstico foi de 46,5 ± 13,1 anos, e o 
tamanho médio do tumor foi de 2,1 ± 1,4 cm. De acordo com a classificação 
TNM, 38% dos tumores foram estadiados como T1a, 27,6% como T1b, 
24,1% como T2 e 10,3% como T3. Metástase linfonodal regional (N1) 
esteve presente em 44,8% dos casos. Metástase a distância (M1) para o 
mediastino foi observada em um caso (3,4%). Variantes do RET foram 
identificadas em 55,2% dos pacientes. A variante patogênica C634R foi 
identificada em um paciente (3,4%). Conclusão: Este estudo conseguiu 
descrever o perfil clínico e molecular de pacientes com carcinoma medular 
de tireoide no Estado da Bahia.
Palavras-chave: Carcinoma Medular; Neoplasias da Glândula Tireoide; 
Mutação; Neoplasia Endócrina Múltipla Tipo 2a; Polimorfismo Genético.

RESUMEN
Introducción: El carcinoma medular de tiroides es un cáncer poco común 
que se origina en las células C parafoliculares y puede ser esporádico o 
hereditario. Tanto las enfermedades esporádicas como las hereditarias 
son causadas principalmente por mutaciones en el protooncogén RET. 
Objetivo: Investigar variantes patogénicas de la línea germinal del gen 
RET en una cohorte de pacientes con carcinoma medular de tiroides en el 
estado de Bahía. Método: Estudio descriptivo transversal que involucró a 
pacientes con diagnóstico histopatológico de carcinoma medular de tiroides, 
remitidos para pruebas moleculares del 2020 al 2022. Las informaciones 
clínicas y patológicas se recolectaron a partir de datos médicos. El ADN 
genómico se extrajo de sangre periférica. Los exones 10, 11, 13, 14 y 15 
del RET se amplificaron mediante la técnica de reacción en cadena de la 
polimerasa y posteriormente se secuenciaron mediante el método de Sanger. 
Resultados: Se incluyeron 29 pacientes (82,8% mujeres). La edad promedio 
al diagnóstico fue de 46,5 ± 13,1 años y el tamaño promedio del tumor 
fue de 2,1 ± 1,4 cm. Según la clasificación TNM, el 38% de los tumores 
se estadificaron como T1a, el 27,6% como T1b, el 24,1% como T2 y el 
10,3% como T3. La metástasis a los ganglios linfáticos regionales (N1) estuvo 
presente en el 44,8% de los casos. En un caso (3,4%) se observó metástasis a 
distancia (M1) al mediastino. Se identificaron variantes del RET en el 55,2% 
de los pacientes. La variante patogénica C634R se identificó en un paciente 
(3,4%). Conclusión: Este estudio logró describir el perfil clínico y molecular 
de los pacientes con carcinoma medular de tiroides en el estado de Bahía.
Palabras clave: Carcinoma Medular; Neoplasias de la Tiroides; Mutación; 
Neoplasia Endocrina Múltiple Tipo 2ª; Polimorfismo Genético.

ABSTRACT
Introduction: Medullary thyroid carcinoma is a rare cancer that originates in parafollicular C cells and can be sporadic or hereditary. Both 
sporadic and hereditary diseases are primarily caused by mutations in the RET proto-oncogene. Objective: To investigate RET gene pathogenic 
germline variants in a cohort of patients with medullary thyroid carcinoma in the State of Bahia. Method: Cross-sectional, descriptive study 
involving patients with histopathological diagnosis of medullary thyroid carcinoma, referred for molecular testing from 2020 to 2022. Clinical 
and pathological data were collected from medical charts. Genomic DNA was extracted from peripheral blood. Exons 10, 11, 13, 14, and 15 
of RET were amplified using polymerase chain reaction technique and subsequently sequenced using the Sanger method. Results: The study 
included 29 patients (82.8% women). The mean age at diagnosis was 46.5 ± 13.1 years, and the mean tumor size was 2.1 ± 1.4 cm. According 
to the TNM classification, 38% of tumors were staged as T1a, 27.6% as T1b, 24.1% as T2, and 10.3% as T3. Regional lymph node metastasis 
(N1) was present in 44.8% of the cases. Distant metastasis (M1) to the mediastinum was observed in one case (3.4%). Variants of RET were 
identified in 55.2% of the patients. The C634R pathogenic variant was identified in one patient (3.4%). Conclusion: This study managed to 
describe the clinical and molecular profile of patients with medullary thyroid carcinoma in the State of Bahia.
Keywords: Carcinoma, Medullary; Thyroid Neoplasms; Mutation; Multiple Endocrine Neoplasia Type 2a; Polymorphism, Genetic.
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INTRODUCTION

Medullary thyroid cancer (MTC) is a rare malignant 
tumor derived from parafollicular C cells. It accounts 
for 3-5% of all thyroid malignancies and is estimated 
to be diagnosed in 0.4 to 1.4% of patients with thyroid 
nodules1. The 10-year mortality rate for MTC ranges 
from 13 to 38% and is responsible for 15% of thyroid 
cancer-related deaths2.

MTC can manifest as a sporadic disease (accounting 
for 75-80% of the cases) or as a component of an inherited 
disorder known as multiple endocrine neoplasia type 
2 (MEN2) (occurring in 20-25% of the cases)3. Both 
sporadic and hereditary forms of the disease are primarily 
caused by mutations in the rearranged during transfection 
(RET) proto-oncogene.

The RET proto-oncogene was first identified in 1985 
from the transfection of NIH 3T3 cells with human 
lymphoma DNA4. RET is located on human chromosome 
10 (10q11.2), consists of 21 exons and is estimated to be 
approximately 52 kb in size5. It encodes the RET receptor 
tyrosine kinase, a transmembrane protein expressed 
primarily in neural crest and urogenital cells6-8.

About 98% of patients with hereditary MTC have 
germline mutations in exons 10, 11, 13, 14, 15 and 16 
of the RET gene9. Rare germline mutations in exons 5 
and 8 have been identified in some familial tumors10,11. 
In 95% of the patients with MEN2A, RET mutations 
are found in codons 609, 611, 618, and 620 of exon 
10 or in codon 634 of exon 1112,13. Mutations in codon 
634 are the most frequent, occurring in more than 80% 
of MEN2A cases14. The C634R mutation is the most 
common mutation at codon 634 and accounts for 50% 
of all mutations in MEN2A15. Among sporadic cases, 
approximately 23-66% of the patients have the somatic 
mutation M918T in RET exon 1616,17.

The identification of mutations in the RET gene 
combined with a complete clinical assessment of the patient 
forms the basis for individualized treatment in MTC. 
Therefore, genetic screening for RET is considered a key tool 
for the diagnosis of MTC and has important implications 
for the clinical management of patients and their families18.

This study aimed to report the clinical and molecular 
characteristics of patients with MTC in the State of Bahia.

METHOD

Cross-sectional and descriptive study involving 
29  patients with MTC referred for RET molecular 
testing by endocrinologists, oncologists, and head and 
neck surgeons at various public and private healthcare 
institutions in the State of Bahia between 2020 and 2022. 

The inclusion criteria were patients: a) aged 18 years or 
older, and b) with confirmed MTC diagnosis based on 
histopathological reports. There were no exclusion criteria.

DNA was extracted from peripheral blood leukocytes 
using the PureLink Genomic DNA Mini Kit (Invitrogen, 
Carlsbad, USA), following the manufacturer’s instructions. 
DNA fragments corresponding to exons 10, 11, 13, 14, and 
15 of RET were separately amplified using the polymerase 
chain reaction (PCR) technique with specific primers. The 
PCR conditions were previously published19. The sequences 
of the primers used in the PCR are shown in Table 1.

Table 1. Sequences of each primer used in polymerase chain reaction

Exon Primer Sequence

10
F

R

5’ -TTGCGACACCAGTTGCCGAG- 3’

5’ -CAGCAATTTCCTCCCTTGTTG- 3’

11
F

R

5’ -GAGCCATGAGGCAGAGCATA- 3’

5’ -CCCTCACCAGGATCTTGAAGG- 3’

13
F

R

5’ -TGAACTTGGGCAAGGCGATG- 3’

5’ -GGGAGAACAGGGCTGTATGGAG- 3’

14
F

R

5’ -AAGACCCAAGCTGGCTGAG- 3’

5’ -GCTGGGTGCAGAGCCATAT- 3’

15
F

R

5’ -CTCTGCTGGTCACACCAGGC- 3’

5’ -GGTATCTTTCCTAGGCTTCCC-3’

Purified PCR products were directly sequenced using 
the BigDye Terminator v3.1 Cycle Sequencing Kit and 
the ABI 3500 Genetic Analyzer (Applied Biosystems, 
Foster City, USA). Each sequenced sample was analyzed 
using the BioEdit Sequence Alignment Editor software, 
version 7.2.520. Subsequently, the samples were submitted 
to germline mutation analyses for exons 10, 11, 13, 14, 
and 15 of RET (RefSeq:NM_020975.6) using the Basic 
Local Alignment Search Tool21. 

The identified RET proto-oncogene variants were 
classified as benign, pathogenic or of uncertain significance 
according to the American College of Medical Genetics 
and Genomics (ACMG) and Association for Molecular 
Pathology (AMP)22 guidelines and the ClinVar database23.

Descriptive statistics was utilized to evaluate the data 
with means, medians, and standard deviations calculated 
for the quantitative variables. Pearson’s test was applied 
to evaluate the linear correlation coefficient among 
the variables analyzed. A significance level of p < 0.05 
was accepted as statistically significant. The analyses 
were performed in the statistical program GraphPad 
Prism, v.7.0024.

The Research Ethics Committee of “Instituto de 
Ciências da Saúde” of “Universidade Federal da Bahia” 
approved the study, report 5771867 (CAAE (submission 
for ethical review) 46193121,2,0000,5662) in compliance 
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with Directive 466/1225 of the National Health Council. 
All the procedures were conducted according to the 
Declaration of Helsinki. Written informed consent was 
obtained from all study participants.

RESULTS

The study sample comprised 29 patients diagnosed 
with MTC, consisting in 24 women (82.8%) and 5 men 
(17.2%). The mean age at diagnosis was 46.5 ± 13.1 years 
(median 46, range 20-70). The mean tumor size was 2.1 
± 1.4 cm (median 1.8, range 0.1-5.0). Most tumors were 
unifocal (79.3%) and non-encapsulated (89.7%).

Six variants of the RET were identified in 16 patients 
(55.2%), consisting of one pathogenic (C634R), four 
benign (G691S, L769L, S836S and S904S), and one 
variant of uncertain significance (Y791N). Specifically, the 
pathogenic variant C634R was identified in one patient 
(3.4%). The benign variants G691S, L769L, S836S and 
S904S, described as RET single nucleotide polymorphisms 
(SNP), were present in 15 patients (51.7%). Of these 
variants, the most frequent was L769L, found as the sole 
RET variant in eight patients (27.6%). The Y791N variant 
of uncertain significance was observed co-segregating with 
the L769L variant in one patient (3.4%). Table 2 provides 
a detailed breakdown of the clinical, pathological and 
molecular characteristics of the 29 patients.

Correlation tests among clinical parameters and among 
clinical and molecular parameters were performed. First, 
the presence of lymph node metastasis was investigated to 
find whether there was association with age at diagnosis 
and tumor size. For this purpose, the patients were divided 
into two subgroups: without lymph node metastasis and 
with lymph node metastasis. As a result, no differences 
were observed in age at diagnosis (45.6 ± 10.8 vs. 47.6 ± 
15.7 years, p = 0.691) and tumor size (1.53 ± 1.0 vs. 2.73 
± 1.5 cm, p = 0.016) between the subgroups.

Next, the presence of RET polymorphisms was 
evaluated for potential association with age and tumor size. 
For this purpose, patients were divided into two subgroups: 
without polymorphisms and with polymorphisms. As a 
result, no differences in age at diagnosis (48.7 ± 12.8 vs. 
44.4 ± 13.3 years; p = 0.375) and tumor size (2.25 ± 1.59 
vs. 2.0 ± 1.89 cm; p = 0.486) were found between the 
subgroups, respectively. The results of the correlation tests 
performed are shown in Figure 1.

DISCUSSION

MTC is a tumor with peculiar characteristics and 
variable clinical presentation, depending on the causative 
RET mutation. In Brazil, especially in the Northeast 

Table 2. Clinicopathological and molecular findings in 29 cases of 
MTC in the State of Bahia

Parameters
Number of 
patients (%)

Age at diagnosis (years) 46.5 ± 13.1

Tumor size (cm) 2.1 ± 1.4

Multifocality 6 (20.7%)

Tumor capsule 3 (10.3%)

Capsular invasion 4 (13.8%)

Extrathyroidal invasion 1 (3.4%)

Angiolymphatic invasion 2 (6.9%)

TNM staging

T1a 11 (38%)

T1b 8 (27.6%)

T2 7 (24.1%)

T3 3 (10.3%)

N0 16 (55.2%)

N1 13 (44.8%)

N1a
4 of 13 

(30.8%)

N1b
4 of 13 

(30.8%)

Mx 28 (96.6%)

M1 1 (3.4%)

Association with papillary thyroid 

carcinoma
8 (27.6%)

Hashimoto’s thyroiditis 8 (27.6%)

RET germline variants

C634R (exon 11) 1 (3.4%)

G691S (exon 11) + L769L (exon 13) 

+ S904S (exon 15)
1 (3.4%)

G691S (exon 11) + S904S (exon 15) 3 (10.3%)

L769L (exon 13) 8 (27.6%)

L769L (exon 13) + S836S (exon 14) 2 (6.9%)

L769L (exon 13) + Y791N (exon 13) 1 (3.4%)

region, records on the incidence, clinicopathological 
characteristics and genetic screening of MTC are still 
scarce. For the first time, the clinical-pathological and 
molecular characteristics of MTC patients in the State of 
Bahia were presented.

Although the sample size was small, it aligns with other 
studies that have demonstrated female predominance26-28. 
In hereditary MTC, there’s no gender bias due to its 
autosomal dominant inheritance pattern. However, in 
sporadic MTC, the male-to-female ratio is about 1:1.4, 
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bilateral pheochromocytoma and chronic cholecystitis. 
Collectively, the clinical, pathological, and molecular 
characteristics in this patient were indicative of multiple 
endocrine neoplasia type 2A (MEN2A). MEN2 is a very 
rare disease. The reported incidence of this syndrome is 
one in every 80,000 live births and its global prevalence 
represents approximately 0.02-0.03% of all human 
tumors41,42.

Mutations in codon 634 are highly prevalent in 
MEN2, detected in 30 to 50% of affected patients43. In 
Brazil, these mutations were observed in 262 patients 
(43.6%) as part of an extensive multicenter study44. 
Notably, the C634R variant ranked as the second most 
common among patients with MEN2A in two studies 
conducted in Rio Grande do Sul19,45 and was the third 
most frequent in Ceará27. The C634R variant was also the 
most frequent among patients with hereditary MTC in a 
European multicenter study46. C634R was also among the 
most common RET variants identified in MEN2A carrier 
families from Germany47, Italy48, and China49.

Although the absence of germline pathogenic variants 
in the remaining patients is suggestive of sporadic disease, 
some patients presented one or more features that suggest 
hereditary disease, as young age at diagnosis of MTC 
or multifocality of the tumor. It is possible that these 
apparently sporadic cases carry pathogenic variants in RET 
exons that were not analyzed in this study. Furthermore, 
mutations in other genes associated with MTC, presence 
of C cell hyperplasia and environmental characteristics of 
the region to which the sample belongs are some of the 
factors that may explain the characteristics observed in 
these patients.

The L769L SNP was the most prevalent in the current 
sample. This polymorphism was also the most frequent 
among patients with MEN2 at “Hospital das Clínicas de 
Porto Alegre” in Rio Grande do Sul and at the “Hospital 
Universitário” of “Faculdade de Medicina de Ribeirão Preto” 
in São Paulo45. Similar to the studies by Siqueira et al.45 
and Ceolin et al.50, both from Rio Grande do Sul, the 
co-segregation of the G691S/S904S SNPs was observed 
in the study sample.

The association between the presence of RET 
polymorphisms and susceptibility to the development 
and progression of MTC has been widely studied 
in recent decades. RET polymorphisms have been 
associated with early onset of MTC51-53, risk of developing 
pheochromocytoma54 and risk of metastatic disease55. 
In contrast, other studies have shown that there is no 
influence of RET polymorphisms on the clinical and 
oncological characteristics of MTC56,58. In the present 
study, no differences were found when the presence or 
absence of polymorphisms were related to age at diagnosis 

indicating a slight female predominance29. Furthermore, 
thyroid cancer, in general, affects women more frequently 
and ranks as the fifth most common cancer in women in 
the Brazilian Northeast Region (7.98/100,000)30.

Although it can occur at any age, MTC has a peak 
incidence between the 4th and 5th decade of life¹, with a 
mean age at diagnosis between 50 and 54 years31. In this 
study, the mean age at diagnosis was compatible with the 
incidence range described in the literature and remained 
close to the values   observed in other Brazilian studies27,32 and 
in studies conducted in China33, USA34 and Costa Rica35. 

MTC is usually characterized by regional lymph node 
involvement early in its course. Approximately 35% to 
50% of patients have lymph node involvement at initial 
diagnosis36. Lymph node involvement is considered an 
important prognostic factor, as it is associated with a lower 
biochemical cure rate and long-term survival37,38.

The presence of lymph node metastasis was investigated 
to find whether an association with age at diagnosis and 
tumor size was found. Although no correlation between 
these variables existed, studies have shown that lymph 
node metastases were found in 20-30% of the patients 
with tumors < 1 cm in diameter, in 50% of patients with 
tumors > 1 to 4 cm in diameter, and in up to 90% of 
patients with tumors > 4 cm39,40.

The C634R variant was found in a 41-year-old male 
at the time of diagnosis, and he also had a history of 

Figure 1. Association between presence/absence of lymph node 
metastasis and age at diagnosis (a) and tumor size (b) and between 
presence/absence of RET polymorphisms and age at diagnosis (c) 
and tumor size (d)

P = 0.691
P = 0.016

P = 0.486P = 0.375
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and tumor size. However, the small size of the present 
sample may have been a limiting factor for the proposed 
associations.

CONCLUSION

This study has outlined the clinical and molecular 
profile of MTC patients in the State of Bahia, Brazil. 
Additional studies with the same population are 
recommended to address other aspects of this rare 
condition in the State.
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