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Molecular Diagnosis of MTC

✓Overview

✓ Implications of diagnosis of germline RET mutations: 
hereditary MTC

✓ Role of RET polymorphisms 

✓ Somatic mutations in sporadic cases

✓ Impact on therapy



Medullary Thyroid Cancer

• Rare thyroid C cell malignant 
tumor that accounts for 3-4% of 
thyroid gland neoplasia.

• MTC secretes a variety of 
products, but calcitonin is the 
most important biomarker.

• Accounts for nearly 15% of all 
thyroid cancer-related deaths

Papillary thyroid carcinoma 
80-90%

Folicular Carcinoma 
10-15%

Anaplastic Carcinoma 
1%

MTC

• MTC may occur sporadically (75%) or be 

inherited. Hereditary MTC appears as part of the 

MEN 2 syndrome. 



Multiple Endocrine Neoplasia Type 2 (MEN2)

• MEN 2A
MTC (100%), pheochromocytoma (20-50%), and/or
hyperparathyroidism (10-25%);
rarely associated  with cutaneous lichen amyloidosis 
or Hirschsprung’s disease.

• MEN 2B
MTC, pheochromocytoma, ganglioneuromatosis, 
and marfanoid habitus



Modified from Castellone & Melillo. Endocr Relat Cancer 2018 T105-T119 ; Plaza-Menacho, Endocr Relat Cancer 201825 77–88
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ATA MTC guidelines, Thyroid 2015



Cutaneous Lichen Amyloidosis



Multiple Endocrine Neoplasia Type 2B



Neoplasia Endocrina Multipla 2B



Maia et al, ABEM 2014



Clinical Screening as Compared with DNA Analysis in 

Families with Multiple Endocrine Neoplasia Type 2A

Molecular analysis allows an unequivocal diagnosis of 

asymptomatic patients with NEM 2 syndrome.

Cornelis Lips, Rudy M, Landsvater, Jo Hoppener, Rolf A, Geerdink, Geert Blijham,  Joke M, 

Jansen-Schillhorn van Veen, Adriaan van Gils, Mireille J, de Wit, Richard A, Zewald, Marianne 

Berends, Frits A, Beemer, Joanneke Brouwers-Smalbraak, Rumo Jansen, Hans Kristian Ploos van 

Amstel, Theo van  Vroonhoven, and Thea M, Vroom 

N Engl J Med 1994, 331:828-835

Autosomal dominant, penetrance of 100%
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Prophylactic thyroidectomy: When?

ATA Guidelines (2015)

HST risk - Immediately

H risk < 5 years of age

MOD risk - based on Ct levels



Patients
evaluated

CMT

sporadic

hereditary

Screening

RET 
positive

RET 
negative

MTC-related
neoplasias

Pheo

Others

RET 
positive

RET 
negative
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195

12

11

1

2

Medullary Thyroid Carcinoma 

Hospital de Clínicas de Porto Alegre: 1997 - 2017



Mutação no RET Nº de famílias

Nº de indivíduos 

portadores

C609Y 1 5

C618F 1 2

C618R 1 2

C620G 1 9

C620R 2 9

DEL631 1 1

C634R 11 27

C634S 1 1

C634W 2 7

C634Y 10 88

S649L 1 3

E768D 4 11

L790F 1 2

V804M 3 5

S891A 2 12

S904F 1 2

M918T 12 17

328  MTC patients

185 hMTC (78 screening)

143 sMTC

www.conexaotireoide.com.br



Correlation between age at surgery and TNM stage of MEN 2A patients 
under 25y who underwent therapeutic or prophylactic total thyroidectomy. 
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Puñales et al, Thyroid 2008



Early diagnosis improves biochemical cure



However, we still do not understand…

✓ Genotype-phenotype correlations have not been clarify 
yet: clinical variability and aggressiveness in members of 
the same family. 

✓ Although the different levels of RET activation induced by 
the different mutations could partially explain it, the 
differences might suggest a role for genetic modifiers in 
the clinical course of MTC.



Polimorfismos genéticos do RET 
(single nucleotide polymorphisms - SNP)

A45A
G691S

L769L

S836S

S904S

5’ UTR 3’ UTR

Éxon 2 Éxon 11 Éxon 13 Éxon 14 Éxon 15



The RET polymorphic allele S836S is associated with early 

metastatic disease in patients with hereditary or sporadic 

medullary thyroid carcinoma.

Siqueira DR et al, Endo-Related Cancer 2010 



Additive effect of RET polymorphisms on sporadic medullary 

thyroid carcinoma susceptibility and tumor aggressiveness

Ceolin et al, European  J Endocrinol 2012   



Eur J Endocrinol. 2014 Jun;170(6):821-8.



The penetrance of MEN2 pheochromocytoma is not 
only determined by RET mutations 

Frederic Castinetti, Ana Luiza Maia, Mariola Peczkowska, et all

Endocr Relat Cancer. 2017 24(8):L63-L67



The penetrance of MEN2 pheochromocytoma is not 
only determined by RET mutations 

Endocr Relat Cancer. 2017 Aug;24(8):L63-L67



Sporadic Medullary Thyroid Carcinoma

✓ The pathogenesis is still poorly understood. 

✓ Somatic mutations of RET proto-oncogene have
been reported at a variable frequency ranging
from 23% to 79%. 

✓What is the predisposing genetic event?



Most frequently mutated genes in sporadic MTC tumor

Moura et al. Endocr Relat Cancer 2015;22:R235-R252

Romei et al, Nat Rev Endocrinol 2016
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10%
5%HRAS

KRAS

RET

Unknown

How does molecular diagnosis 

impact MTC patient care? 
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p = 0.006  

Somatic RET mutation is generally thought to confer 
worse outcome

RET WT
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RET Mutant
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p < 0.048  

Adapted from Schilling, T. et al.  

Int J Cancer, 95, 62–66 (2001)



Maia et al, Current Opinion in Oncology 2017



Sherman et al, Cancer 2016

Tumor Localization & Somatic Mutation Profiles



Key Points

✓ The cumulative understanding of molecular 
mechanisms involved in MTC pathogenesis had 
significantly impacted the diagnostic, treatment and 
prognosis of patients with MTC.

✓Comprehensive genomic profiling of genetic alterations 
to identify the oncogenic drivers involved in MTC 
pathogenesis will hopefully refine targeted therapy in 
the near future.
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