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CURRENT CONCEPTS IN CLINICAL SURGERY

Prophylactic thyroidectomy in multiple
endocrine neoplasia: the impact of molecular
mechanisms of RET proto-oncogene

Abstract Background: Multiple en-
docrine neoplasia (MEN) type 2, a
cancer syndrome inherited in the
dominant fashion, is defined by the
occurrence of medullary thyroid car-
cinoma (MTC), either as a singular
lesion (familial medullary thyroid
carcinoma, FMTC) or with the vari-
able expression of pheochromocyto-
ma, hyperparathyroidism (MEN 2A),
ganglioneuromas, buccal neuromas
and Marfanoid-like phenotype
(MEN 2B). Discussion: Germline
mutations of the RET proto-onco-
gene, localized on chromosome
10q11.2, have been identified as the
underlying genetic cause of the dis-
order. In the majority of patients
with MEN 2A/FMTC missense mu-
tations at exon 10 or exon 11 are
identifiable. Cysteine to arginine ex-
change at codon 634 is the mutation
most frequently found. In MEN 2B
approximately 95% of patients pres-
ent with a mutation at codon 918
(exon 16). Additionally, less frequent
mutations in other codons have been

found in both syndromes. The DNA-
based genotype analysis enables the
identification of gene carriers at risk
of developing MTC and offer them
prophylactic thyroidectomy prior

to development of any thyroid
pathologies. Prophylactic surgery

is generally recommended for

MEN 2A/FMTC gene carriers at the
age of 4-6 years. Due to the aggres-
siveness of the MEN 2B syndrome
gene carriers should be operated by
the age of 1 year. Presumably some
less virulent mutations allow post-
ponement of the prophylactic treat-
ment to the second to fourth decade
of life. Conclusions: Compared to
standard presymptomatic biochemi-
cal screening, genetic testing and
consecutive prophylactic treatment
contribute to better outcome of indi-
viduals at risk for MTC.
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Introduction

Multiple endocrine neoplasia (MEN) type 2, an autoso-
mal-dominant inherited syndrome with complete gene
penetrance, is characterized by synchronous or metachro-
nous occurrence of various endocrine tumors in variable
clinical expression. Features of MEN 2A (Sipple syn-
drome) include medullary thyroid carcinoma (MTC),
pheochromocytoma, and parathyroid neoplasia. MEN 2B
(Gorlin syndrome) encompasses MTC, pheochromocyto-

ma, mucosal neuromas, ganglioneuromatosis of the gas-
trointestinal tract, and Marfanoid habitus. In some rare
families cutaneous lichen amyloidosis or Hirschsprung’s
disease is an additional feature of the MEN 2A syndrome.
Familial MTC (FMTC) is a variant of the syndrome in
which MTC is the only lesion in the absence of further en-
docrinopathies. Generally the clinical course of MEN 2B
and of FMTC is more aggressive than that of MEN 2A.
MTC acts as the hallmark of the MEN 2 syndrome
since it is the only malignant component and is thus of
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significant prognostic value. The carcinoma secretes cal-
citonin, which serves as a particularly valuable tumor
marker. C-cell hyperplasia has been considered a precur-
sor lesion of MTC. In the past the diagnosis of MTC in
family members at risk was based on elevated basal
and/or stimulated levels of calcitonin and subsequent
histological conformation. Although of enormous clini-
cal importance, the presymptomatic calcitonin screening
entailed several disadvantages. All individuals at risk of
developing MTC had to undergo annual calcitonin test-
ing until at least the age of 30 years, even though in one-
half of them the screening was theoretically unnecessary
since they were not gene carriers for the disease. Al-
though accurately screened, some family members al-
ready presented lymph node metastases at the time of
initial tumor diagnosis and had increased risk of morbid-
ity and mortality [1]. In contrast, unnecessary thyroid-
ectomies were performed in some borderline cases or
falsely interpreted calcitonin testing results.

Since it was shown that specific germline mutations
in the RET proto-oncogene are the underlying cause of
the disorder, molecular genetic diagnostics based on di-
rect DNA analysis with the aim of detecting specific
RET proto-oncogene mutations have become the gold
standard of presymptomatic MEN 2 screening. Further-
more, genetic testing significantly influenced the clinical
management and surgical treatment of MEN 2 family
members. Those identified as gene carriers are offered
prophylactic therapy with the intent of cancer prevention
and those tested as non-carriers may be omitted from
further screening procedures.

Genetic mapping of the gene responsible
for MEN 2 development

In 1987 Simpson et al. [2] and Mathew et al. [3] mapped
the susceptibility locus for MEN 2A to the pericentromer-
ic region of chromosome 10. Subsequent linkage studies
led to localization of the RET proto-oncogene on chromo-
somal segment 10q11.2 as the MEN 2 causative gene and
to the identification of MEN 2 specific mutations [4, 5].
The RET (rearranged during transfection) proto-oncogene
plays a key role in the development and differentiation of
various tissues derived from neural crest. MEN 2 arises
as a result of unstrained activation of the mutated RET
proto-oncogene, a phenomena uncommon among human
inherited cancer syndromes, which are generally caused
by inactivation of a tumor suppressor gene.

The RET proto-oncogene

The RET-proto-oncogene comprises 21 exons which en-
code the protein RET, a membrane bound receptor tyro-
sine kinase (RTK) of 170 kDa. Animal studies reveal

that RET is developmentally highly regulated. Highest
expression is found early during kidney morphogenesis
and during cell maturation of neural crest derived tissues
such as thyroid and adrenal gland [6]. Additional physio-
logical functions of the RET proto-oncogene include en-
teric and autonomic neuronal development and differen-
tiation of spermatogonia [7]. RTK transduce the extracel-
lular signals for processes as diverse as cell differentia-
tion, survival, growth, and apoptosis. Generally RTKs
are activated by homodimeric or heterodimeric complex
formation. In this repect the RET RTK is unique as it re-
quires a multicomplex formation to induce activation
and stimulation of downstream signaling [8]. Ligands for
RET activation are distantly related to the transforming
growth factor B superfamily. Four neuronal survival fac-
tors belonging to the glial cell line-derived neurotropic
factor (GDNF) family have been identified to date, in-
cluding GDNF, neurturin, persephin, and artemin [9, 10].
These ligands do not bind RET RTK directly but interact
with at least four membrane-bound coreceptors. These
adaptor molecules do not have an intracellular domain
but are linked to the cell-surface by a glycosyl-phospha-
tidylinositol anchor [10, 11]. GDNF family receptor
(GFR) al interacts with GDNF while neurturin binds
preferentially to GFRa2, artemin shows high affinity to
GFR03, and GFRo4 interacts with persephin [8, 11, 12].
While each of different GDNF and GFRo family mem-
bers show individual expression patterns and are in-
volved in distinct developmental roles, their common de-
nominator is complex formation and activation of RET.
Strikingly, both ¢-RET~~ and GDNF~~ knock-out mice
share the same phenotype with early death after birth,
lack of neurons in the entire gastrointestinal tract, and
kidney agenesis [6]. The GDNF/GFRa complex interact
with RET RTK through the cysteine-rich region, induc-
ing RET dimerization and thereby triggering autophos-
phorylation which activates the protein tyrosine kinase
RET (Fig. 1) [9, 13].

In addition to RTK activation by RET ligand/corecep-
tor complex formation, novel studies demonstrate RET-
independent mechanisms of GFRo signal transduction.
However, these observations reveal that RET-indepen-
dent signaling of GFRal is ligand-specific and occurs
only with GDNF [14]. RET RTK contains four structural
domains: the extracellular ligand binding domain, a cys-
teine-rich domain, a dynamic transmembrane domain,
and the intracellular tyrosine kinase domain. The extra-
cellular sequence contains regions with homology to the
cadherin family of cell adhesion molecules. This domain
is involved in recognition and binding of its ligands and
coreceptors as well as calcium-dependent cell-cell adhe-
sion [15, 16]. The highly conserved large cysteine-rich
region near the transmembrane domain forms intramo-
lecular covalent disulfide bonds. It is believed that this
mechanism is crucial for RET tertiary structure and thus
ligand binding as well as dimerization of RET-RTK by
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Fig. 1 Interaction leading to
RET proto-oncogene activation.
GDNF binds with GRFo and
triggers the dimerization of the
receptor

induction of intracellular cross-phosphorylation within
the tyrosine kinase domain. Of the 28 cysteine sites at
this domain 27 are conserved between species implicat-
ing its fundamental role for the tertiary ultrastructure of
the receptor [15]. The tyrosine kinase domain lies intra-
cellularly and is responsible for phosphorylation of key
tyrosine residues and activation of downstream signaling
pathways.

RET downstream signaling

Both ligand-stimulated RET wild type and constitutive
active oncogenic RET mutants are autophosphorylated at
one of the 18 specific cytoplasmatic tyrosine residues
within the intracellular tyrosine kinase domain. Alterna-
tive splicing of 3” exons results in three different protein
isoforms with distinct C-terminal sequences (RET 9,
RET 43, RET 51) that contribute to different downstream
target activation [15, 17]. Studies have now identified 9
of these 18 tyrosine sites to be phosphorylated upon RET
activation and in turn may contribute to the downstream
signaling mechanism. Five autophosphorylation sites
(Y687, Y826, Y864, Y905, Y952) can be found within
the kinase domain, and another four are located within
the COOH-terminal tail (Y1015, Y1029, Y1062,
Y1096). More detailed downstream signaling mecha-
nisms have been identified for six of these sites.

Upon RET activation the autophosphorylated tyrosine
residues Y905, Y1015, Y1062, and Y1096 act as dock-
ing sites for Src homology 2 (SH2) domain containing
target molecules which in turn activate distinct intracel-
lular signaling cascades. RET associates with the trans-
duction proteins Grb2/Grb7/Grb10/Grb14, phospholi-
pase Cy (PLC-y) and Shc/Enigma. One major pathway
shown to be activated by RET is the Ras/mitogen-acti-

vated protein kinase (MAPK) pathway [18]. The Ras su-
perfamily comprises around 50 related genes encoding
membrane bound GTPases. Activated by ligand binding,
they in turn activate serine/threonine protein kinases that
are involved in control of cell growth and differentiation.
The tyrosine residues Y864 and Y952 are crucial for
transforming activity of mutations associated with
MEN 2B [19]. They contribute to conformational chang-
es within the kinase domain. The tyrosine residues
Y1090 and Y1096 are found only in among the interme-
diate (RET 43) and long (RET 51) isoforms, respectively
[15]. Interaction with Y1096 involves the adapter protein
GRB2 and subsequent stimulation of the RAS-mediated
activation of the MAPK signaling pathway that is in-
volved in neuronal survival and differentiation.

The last amino acid common to all isoforms is
Y1062. Y1062 acts as a multifunctional docking site,
which is a binding site for SHC adaptor proteins and is
crucial for both RAS/MAPK and phosphatidylinositol 3-
kinase (PI3-K)/AKT signaling pathways [20]. Through
this mechanism Y1062 functions as a major binding site
for adapter molecules that are involved in cell transfor-
mation. Depending on the protein isoform, Y1062 is
found in context with distinct C-terminal amino acids
that affect the binding of adaptor proteins. In the short
isoform RET 9 Y1062 provides a docking site for the
SH2 domain of SHC, while for Y1062 in association
with RET 51 (long isoform) C-terminal sequence a pre-
ferred binding with the SHC phosphotyrosine-binding
domain has been described.

Furthermore, phosphorylation-independent binding of
Enigma to Y1062 has been reported [21]. Enigma, a 470
amino acid protein containing one PDZ and three LIM
domains, belongs to a protein family (PDZ-LIM family)
that acts as an adapter protein between kinases and cyto-
skeleton. PDZ and LIM domains are modular protein-in-
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teraction domains. The names derives from the first three
proteins in which the PDZ domain was identified (PSD-
95, DLG, ZO-1) and the first three transcription factors
(Lin-1, Isl-1, Mec-3) in which LIM domain was found.

While the LIM3 domain interacts with the multifunc-
tional docking site Y1062 of proto-RET, the PDZ do-
mains anchors the protein to the cell surface [21]. Recent
studies have revealed a novel adaptor protein for the
multifunctional docking site Y1062 [22]. SNT/FRS2 is a
lipid anchored docking protein that contains an amino-
terminal myristylation signal, followed by a phosphoty-
rosine-binding domain and a carboxy-terminal region
with multiple tyrosine residues. Unlike SHC bound to
RET, which is associated with GRB2 and Grb2-associat-
ed binder (GAB) 1 proteins, SNT/FRS2 is associated
with GRB2 proteins only, thus involved mainly in the ac-
tivation of the RAS/MAPK pathway but not the PI3-
K/AKT pathway [22]. As outlined above, adaptor mole-
cules binding to autophosporylated RET tyrosine resi-
dues contain mainly SH2 domains. The adapter proteins
GRB7 and GRB10 have been identified as ligands for ty-
rosine residue 905 (Y905). As with SHC/GRB2, this
mechanism has been shown to be linked to the
RAS/MAPK pathway. Activation of PI3-K is one key
mechanism for RET downstream signaling [18]. The ac-
tivation of this kinase probably occurs by interaction of
SHC, GRB2, and GAB1 with the 85-kDa (p85) regulato-
ry subunit of PI3-K. PI3-K acts as a switchboard for reg-
ulating cell interactions by phosphorylation of proteins
linked to cell-cell interaction, such as the gap junction
protein connexin 43 and cell adhesion molecules such as
paxillin, focal adhesion kinase, and p130cas. Further-
more PI3-K induces protein kinase B and AKT signaling
pathway, which play a crucial role in cell survival and
proliferation [18, 23]. Overexpression of AKT markedly
enhances the transforming ability of MEN 2 mutations.
RET has been shown to activate the c-Jun NH,-terminal
protein kinase (JNK) pathway through a cdc42/RACI1
small GTPase. The detailed signaling pathway has not
yet been established; however, data from other systems
suggest JNK to lie downstream of PI3-K [24]. Tyrosine
residue Y1015 is associated with stimulation of PLC-y.
While the mechanism of interaction has not yet been
clarified, activation of PLC-y triggers changes in intra-
cellular CaZ* levels and thereby contributes to mitogene-
sis and transformation associated with RET activation
(Fig. 2).

RET proto-oncogene mutations in MEN 2 and FMTC:
correlations between genotype and phenotype

MEN Germline missense mutations in exon 10 (codons
609, 611, 618, and 620) or exon 11 (codons 630 and 634)
that encode part of the extracellular cysteine-rich domain
can be found in the vast majority of MEN 2A gene carri-
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Fig. 2 RET downstream signaling mechanism activated by GDNF-
RET-GFRa.

ers and in a significant portion of FMTC families [25,
26, 27]. Mutations in these codons lead to an alteration
of a critical cysteine residue with subsequent dimerizat-
ion and constitutive activation of downstream signal
transduction. The most frequent mutation in MEN 2A af-
fects codon 634, causing a cysteine to arginine exchange
(C634R). In FMTC mutations are more evenly distribut-
ed among codons 618, 620, and 634, with lower frequen-
cies in codons 609, 611, 630, and 631 [28, 29, 30, 31].
At codon 634 the most common alteration is C634Y.
Noncysteine mutations have been identified in a few
FMTC families and recently also in some MEN 2A fam-
ilies at exon 13 (codon 768, 790, and 791), exon 14 (co-
don 804, 844) and exon 15 (codon 891) [31, 32, 33, 34,
35, 36]. The effects of these mutations are not yet clear
in detail; however, it is thought that they may induce ki-
nase activity by changing the substrate specificity or
ATP-binding capacity of the receptor. So far mutations at
codon 790 and codon 791 (exon 13) have been identified
exclusively in Germany, Austria, France, and the former
Yugoslavia [37, 38, 39]. Reasons why these mutations
with still unknown detailed functional mechanism have
not been found outside of Europe needs to be elucidated.

MEN 2B is generally associated with a single base sub-
stitution (ATG—ACG) at codon 918 (exon 16) and ac-
counts for more than 95% of identified missense muta-
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RET oncogene

21 exons
Codon No Base substitution Amino acid change Phenotype
609 TGC to CGC Cys 1o Ag MEN 2A, FMTC
TGC to TAC Cys to Tyr MEN 24
611 TGC to TAC Cys to Tyr MEN 2A
TGC 1o TGG Cys to Trp MEN 2A, FMTC
RE TGC to CGC Cys to Gly FMTC
618 TGCtoTTC Cys to Phe MEN 2A
TGCto TCC Cys to Ser MEN 2A, FMTC
Cadherin-like TGC to AGC Cys to Ser MEN 2A, FMTC
dormain TGC to GGC Cys to Gly MEN 2A
TGC to CGC Cys to Arg MEN 2A, FMTC
TGC to TAC Cys to Tyr MEN 2A, FMTC
TGC to TGA Cys to Stop MEN 2A
620 TGC to CGC Cys 10 Arg MEN 2A, FMTC
| TGCto TAC Cys to Tyr MEN 2A
Cystein-rich TGClo TTC Cys to Phe MEN 2A
dammain TGCtoTCC Cys to Ser “MEN 2A
TGC to GGC Cys to Gly MEN 2A
630 TGCto TTC Cys to Phe FMTC
| 634 TGCto TAC Cys to Tyr MEN 2A, FMTC
Transmembrane TGC to CGC Cys to Arg MEN 24
domain - TGCto TTC Cys to Phe MEN 2A, FMTC
TGC to GGC Cys to Gly MEN 2A
TGCto TGG Cysto Trp MEN 2A
TGC to AGC Cys to Ser MEN 2A
TGCtlo TCC Cys to Ser MEN 2A, FMTC
768 GAG to GAC Glu to Asp FMTC
Tyicsis Kidss 790 TTGto TTT Leu to Phe MEN 2A, FMTC
Asenaib TTGto TTC Leu to Phe MEN 2A, FMTC
791 TATtoTTT Tyr to Phe MEN 2A, FMTC
804 GTGto TTG Valto Leu FMTC
GTG to ATG Val to Met MEN 2B
RET 43 806 TAC to TGC Tyrto Cys MEN 2B
883 GCTtoTTT Ala to Phe MEN 2B
891 TCG to GCG Ser to Ala FMTC
RET 51 918 ATG to ACG Met to Thr MEN 2B

Fig. 3 RET proto-oncogene mutations associated with MEN 2/
FMTC. Regions containing different mutations are indicated

tions in this subgroup of MEN 2 [40]. The MEN 2B spe-
cific codon is located in the substrate recognition pocket
of the intracellular tyrosine kinase domain. RET mutations
within this codon are thought to alter specificity towards
substrates such as c-src and c-abl and support the involve-
ment of down-stream signaling proteins not usually acti-
vated via RET [41]. In some clinically clear MEN 2B fam-
ilies without codon 918 mutation analysis of neighboring
RET regions has revealed mutations in codon 883 [42].

In addition to hot-spot mutations described above, a
few novel, unusual mutations have recently been identi-
fied: in a FMTC family a double RET mutation (codon
804 GTG—ATG, codon 844 CGC—TTG) [43] and in a
MEN 2A family triple mutation of exon 11 (codon 631
GAC—TAC) and 14 (codon 819 AGC—ATC, codon
843 GAG—GAT) [44]. Rarely MEN 2A is associated
with in-frame duplications of 9 and 12 bp in exon 11 [45,
46]. In a de novo MEN 2A case two new mutations were

identified at codon 634 and 640 on the same RET allele
[47]. Furthermore, there is a single reported FMTC fami-
ly with a 9-bp duplication at exon 8.

The hypothesis of genotype-phenotype correlation
was validated by the data of the International RET Muta-
tion Consortium which analyzed 477 unrelated MEN 2
families. A significant association was found between
the presence of any amino acid exchange at codon 634
and the manifestation of pheochromocytoma and hyper-
parathyroidism. Codon 918 mutation, leading to a threo-
nine for methionine exchange, was specific to MEN 2B.
In the case of association between MEN 2A and Hirsch-
sprung’s disease all affected individuals presented either
with codon 620 or codon 618 mutation. Codon 634 mu-
tation was found exclusively in the small portion of
MEN 2 families with cutaneous lichen amyloidosis [27].
It was recently observed in FMTC families that index
cases with noncysteine mutations were older when diag-
nosed than those with exon 10 mutations. In gene carri-
ers noncysteine mutations were associated with a lower
incidence of MTC than in those carrying a mutation in
one of the codons at exon 10 (Fig. 3) [38].
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Consequences of genetic information obtained
by predictive testing

Genetic screening for specific RET proto-oncogene mu-
tations in MEN 2 families enables identification of gene
carriers at risk of MTC. The ability to identify early a
predisposition to the development of a malignant disor-
der is of particular importance for infants born to an af-
fected parent. In accordance with ethical requirements
for molecular genetic testing of children, the screening
offers immediate medical benefit [48]. In addition, the
costs per life saved in MEN 2 gene carriers by perform-
ing RET analysis has been calculated to be insignificant
when compared to the costs per life saved under condi-
tion of standard biochemical screening [49]. Due to the
high accuracy of DNA-based genetic testing and incon-
sideration of worse treatment results when MTC is diag-
nosed only in the clinical stage, it is generally accepted
that family members who inherit a MEN 2 specific RET
mutation should be offered prophylactic thyroidectomy
prior to any pathological changes in serum calcitonin
level. The importance of this strategy was stressed by the
observation of late tumor recurrences in 15-20% of pa-
tients thyroidectomized in childhood for C-cell hyperpla-
sia or MTC at an early stage [50]. The first large series
on prophylactic thyroidectomy in patients at risk for
MEN 2A was presented by Wells et al. [51, 52] in 1994.
Of 21 family members 13 identified as gene carriers un-
derwent surgery: 6 with normal (age 6-14 years) and 7
with pathological calcitonin levels (age 8 — 20 years).
Histological examination revealed C-cell hyperplasia
or/and MTC in each thyroid specimen; however, there
was no evidence of lymph node metastases. At follow-up
3 years postoperatively all patients were tumor free and
showed normal calcitonin levels. The French Calcitonin
Tumors Study Group reported findings from 71
MEN 2/FMTC gene carriers aged 10 months—20 years
(mean 12.5+5), in 61 of whom the thyroid was removed
prophylactically, combined with lymph node dissection
[38]. Preoperative basal and/or stimulated calcitonin was
within the pathological range in all patients, congruent
with histological finding of C-cell hyperplasia or MTC
in all cases. Lymph node status was positive in six pa-
tients aged 16 (FMTC) to 20 years. Biochemical cure
was not achieved in six patients; in five there was either
with lymph node metastasis or an insufficient lymph
node dissection, or no lymphadenectomy performed.
Postoperative deaths occurred in two cases of transient
hypoparathyroidism and in one case of permanent hypo-
parathyroidism. A multicentric study conducted in Ger-
many and Austria included 75 juvenile MEN 2 gene car-
riers in whom prophylactic thyroidectomy was per-
formed, in 76% of cases combined with cervical lymph
node dissection. Upon surgery 61% of them were found
to have MTC (youngest patient 4 years) and in 39% C-
cell hyperplasia. Of the three patients with lymph node

metastases the youngest was 14 years old. Postoperative
findings were transient hypoparathyroidism (n=20), per-
manent hypoparathyroidism (n=5), and permanent uni-
lateral recurrent nerve injury (n=1). Biochemical cure,
confirmed by normal stimulated calcitonin levels, was
achieved in 96% of the patients [53]. The results of these
and of several other studies [54, 55, 56, 57] undoubtedly
demonstrate the impact of prophylactic thyroidectomy
on the prognosis of patients with hereditary MTC. At the
same time however, they disclose the weakness of calci-
tonin screening since in a significant portion of gene car-
riers MTC or extensive C-cell hyperplasia were already
present despite normal biochemical testing. In these indi-
viduals the thyroidectomy performed was in fact thera-
peutic and not prophylactic.

The crucial question of the age at which prophylactic
thyroidectomy should be carried out to remove thyroid
tissue prior to the initiation of malignant transformation
has not yet been unequivocally answered. Based on the
data obtained in the initial studies, the age of 4-6 years
is generally considered appropriate for surgery in
MEN 2A gene carriers [51, 52, 53, 56, 58]. Several cen-
ters, however, follow their own policy due to experience
with their specific population. The French Calcitonin
Tumors Study Group recommends operation within the
first 2 years of age, since in their series the youngest
child with MTC was 2 years old, and several gene carri-
ers with histological tumor evidence were under the age
of 6 [36]. Similar experience has been reported by van
Heuren et al. [59] in a family with MEN 2A, in which
three children aged 2, 3, and 6 years with elevated basal
calcitonin levels were found to have MTC upon thyroi-
dectomy, forcing the Group to suggest 2 years of age as
appropriate for prophylactic treatment. The importance
of a very early intervention was also underscored by
Sanso et al. [60] who found a 0.2-cm MTC in a diffuse
C-cell hyperplasia in a 17-month-old infant of a
MEN 2A kindred. In contrast to these recommendations,
some groups do not accept the general need for aggres-
sive treatment of MEN 2A since they fear that this
would entail too many unnecessary operations being
performed at an age in which thyroid removal might be
associated with higher morbidity or problems related to
external thyroxin supplementation [61, 62]. Since sever-
al of the reported juvenile gene carriers with MTC or C-
cell hyperplasia have shown basal and/or stimulated cal-
citonin a pathological range, they recommend a more
liberal policy that includes determination of gene carrier
status immediately after birth, regular pentagastrin test-
ing, and immediate surgery when stimulated calcitonin
exceeds 10 pg/ml.

The more uniform opinion that MEN 2B gene carri-
ers should undergo very early prophylactic thyroidecto-
my reflects the well-recognized aggressiveness of this
form of hereditary MTC. Several institutions have re-
ported MEN 2B affected infants in whom MTC already
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involving regional lymph nodes was diagnosed within
the first 12 months after birth [63, 64]. Since in most
cases the disorder originates from a de novo mutated
paternal allele, it is advisable to perform RET analysis
in every newborn that presents with MEN 2B character-
istic features regardless of family history to avoid miss-
ing the appropriate time for prophylactic surgical inter-
vention.

Rather rare RET abnormalities have been identified at
codons 804 and 790/791 in some families with the
MEN 2A/FMTC phenotype in which DNA study results
were negative at the time of an initial screening of exons
10 and 11. The low number of patients with these muta-
tions makes it difficult to suggest the proper therapeutic
strategy for asymptomatic carriers. Due to delayed mani-
festation of C-cell hyperplasia in the presence of codon
790/791 mutation the risk of MTC occurrence in juvenile
gene carriers is presumably rather low in this genotype.
Thyroidectomy may be delayed until the age of 10 years
[65], but is unavoidable when pentagastrin testing be-
comes pathological [36]. For a RET codon 804 mutation
the recommendations concerning treatment are more
controversial. While some groups associate this geno-
type with an aggressive clinical course and recommend
for early thyroidectomy [35, 66], others take a more con-
servative approach due to favorable tumor behavior doc-
umented in their families [67, 68].

The finding of lymph node metastases in children
subjected to preventative thyroidectomy raises the ques-
tion of whether lymphadenectomy is necessary at the
time of thyroidectomy, and the question of the extent to
which lymph nodes should be removed. In addition to
its oncological impact, this issue is important since sur-
gical morbidity is related mainly to lymph node cleav-
age [38, 53]. Cervical lymph node dissection should be
an integral part of the operation in MEN 2B gene carri-

ers who are at higest risk. No consensus has been
reached in regard to MEN 2A/FMTC gene carriers. The
French Calcitonin Tumors Study Group stresses the im-
portance of cervical lymph node dissection since in their
series 4 of 71 gene carriers younger than 20 years pre-
sented with nodal involvement [38]. Based on the Ger-
man and Austrian experience lymphadenectomy in the
cervical central compartment should be performed in
cases of elevated calcitonin levels and in patients older
than 10 years. Patients older than 15 years with elevated
calcitonin levels should undergo bilateral lymph node
resection [53]. Gene carriers with codon 790/791 muta-
tion might not need lymph node dissection during the
first four decades of life [65].

Since its introduction only 10 years ago presymptom-
atic genetic screening for hereditary MTC has largely re-
placed the standard biochemical screening. The proce-
dure has gained worldwide acceptance [55, 69]. Close
surveillance of patients prophylactically thyroidectomi-
zed during childhood will be of great importance in the
future for evaluating the effectiveness of the procedure.
Pentagastrin testing and screening for specific nonmalig-
nant features of the MEN 2 syndrome are advisable on a
biannual basis. Gene carriers in whom normal thyroid
specimens were removed may be of particular interest
since these individuals would be the only ones offered
truly prophylactic surgery. In addition to the health as-
pects, the medical community involved in managing he-
reditary diseases suitable for prophylactic treatment must
focus on economic issues since cost has become a factor
that obviously influences our decision making. A recent
nationwide study in the United States evaluated present
coverage policies for prophylactic thyroidectomy and
found that 12% of private plans and 50% of government
carriers provide no coverage for gene carriers at risk for
thyroid cancer [70].
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