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Codon-specific prognosis would facilitate indi-
vidual risk stratification for each patient. Furthermore, 
good evidence exists of a significant age-related pro-
gression from C-cell hyperplasia (CCH) to MTC that 
correlates with the transforming potential of level 2 
(codon 634) and level 3 mutations (codon 918).9 In 
patients with the higher risk mutations (level 2), a 
thyroidectomy is recommended at the age of five years, 
and as early as possible (preferably in the first year 
after birth) for patients with level 3 mutations.16 For 
patients with level 1 mutations there are three alterna-
tives concerning recommended age at prophylactic 
surgery: some authors suggest 5, others 10 years of 
age, others, as the authors do,15 suggest that surgery 
may be postponed until after an abnormal C cell 
stimulation test result is observed (i.e. an abnormal 
CT response to pentagastrin or calcium stimulation). 
Further studies, especially in the rare mutations,18 are 
necessary before more specific recommendations can 

be made (Table 3).

In recent years a certain variability in clinical 
presentation among genetically related individuals 
has been observed. This intrafamilial phenotypic vari-
ability regarding the age at onset and disease extent 
at diagnosis (tumour size, presence of lymph nodes or 
distant metastases) is a matter of further investigation 
in this field. It has been speculated that interacting 
genetic alterations may be responsible for this pheno-
typic heterogeneity. Single Nucleotide Polymorphisms 
(SNPs) within the RET oncogene have been reported 
(G691S, L769L, S836S, and S904S) and the modifying 
role of the clinical phenotype of MEN2 have been 
discussed.19,20 Only the RET G691S variant could 
modulate the age of onset of familial and sporadic 
MTC with higher basal calcitonin levels.21 We have 
confirmed the data of Cardot-Bauters21 in our series 
of 66 patients with hereditary MTC with regard to 
the aggressiveness of the MTC; we found that tumour 
stage increase was related to the frequency of G691S 
variants in patients with MEN2 (Figure 4).

perspectIves

The biological behaviour of MTC can now be strati-
fied by mutations of the RET proto-oncogene, which 
guides the timing of prophylactic thyroidectomy and 
the extent of surgery. This has to be established for 

Table 2. Codon-based genotype-phenotype correlation.

Risk of MTC 
development

Mutated codon MEN2 subtype

High (level 1) 609,649,768,791,790,804,891 FMTC,  
MEN2A

Higher (level 2) 634, 611,618,620,630.631 MEN2A

Highest (level 3) 918, 883 MEN2B

Table 3. Management of patients with different RET Mutations

 Family screening “Apparently” sporadic MTC Calcitonin screening in
 in MEN2 families  patients with nodular thyroid 
   and CT values >100pg/ml

RET–mutation

Codon 609,791,790,804, 649,891,768 634 
611,618,620 630,631

918 
883

Risk level 1 2 3

MEN2 subtype FMTC MEN2A MEN2B

MTC aggressiveness High Higher Highest

Age of onset Adults 5 years First year of live

Timing of prophylactic thyroidectomy When calcitonin rises/5 to 10 years of age Age 5 years First months of life

Other endocrine tumours Rarely PHEO, HPT PHEO

PHEO: pheochromocytoma. HRT: hyperparathyroidism.




