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Medullary thyroid carcinoma is rare but has a high mortality rate, especially when the source is genetic inheritance.
Multiple endocrine neoplasia and familial cancer syndrome have a spectrum of symptoms that determine
interventions depending on tumor aggressiveness. A comprehensive data review was prepared using recent
articles from PubMed written in English language about hereditary medullary thyroid carcinoma, surgery and
follow-up of these patients. The genetic basis of syndromes that involve medullary thyroid carcinoma was
confirmed, and guidance was developedfor surgical management with a focus on early diagnosis and treatment.It
is essential that we characterize the type of medullary carcinoma for each patient. Early surgery and restricted
follow-up maylead to better oncologic outcomes.

Keywords: familial medullary thyroid carcinoma, multiple endocrine neoplasia, syndromic medullary thyroid carcinoma,
prophylactic thyroidectomy.

INTRODUCTION

Medullary thyroid carcinoma (MTC) is a malignant thyroid gland. It is a heterogeneous tumor that may be
neuroendocrine tumor of parafollicular C cells in the stable for many years or become a highly malignant
tumor. MTC accounts for 3% of all thyroid cancers and
14% of deaths related to thyroid cancer in general. It can
*Corresponding Author E-mail: ju.foliveira2@gmail.com; be sporadic or hereditary/syndromic. We will discuss
Phone: 05583999023591 hereditary/syndromic MTC, which accounts for 25% of all




cases of MTC (Chen et al., 2010).

MTC is caused by a single germline mutation in
rearrangement during transfection of theRET proto-
oncogene. In 1991, the RET gene was found on
chromosome 10g11.2, which encodes a transmembrane
receptor tyrosine kinase (Donis-Keller et al., 1993). While
sporadic MTC usually presents as a unifocal clone of a
population of tumor cells, hereditary MTC is typically
bilateral and multifocal (Pinchot et al., 2008).

More than 100 different germline RET mutations were
identified in families with familial MTC (FMTC). The most
affected codons were 609, 611, 618, 620 (exon 10), 634
(exon 11),the rich domain extracellular cysteine and
codon 768 (exon 13) and codon 804 (exon 14) of the
intracellular domain tyrosine kinase (Carlomagno, 1997;
Cosci, et al., 2011).

The germline mutations were found in 98% of MEN2A,
95% of MEN2B and 88% of families with FMTC. In
MEN2A, the mutation at codon 634 accounts for 85% of
all mutations found, and a replacement of cysteine by
arginine (C634R) is the most common amino acid
substitution (50%). Mutations of codons 609, 611, 618
and 620 (exon 10) account for 10 to 15% of the
remaining mutations. In MEN2B, 95% of patients have a
substitution of methionine for threonine at codon 918
(M918T) in exon 16, and RET mutation A833F (exon 15)
affects 2 to 3% of patients (Clayton, 1996; Miyauchi,
1999).

Both MEN2B syndrome and FMTC are inherited in an
autosomal dominant pattern. More than 1000 families
with these endocrinopathies have been identified
worldwide.

In MEN2A, MEM2B and FMTC, the changes are
activated unlike other hereditary syndromes. They are
associated with DNA damage repair or inactivation of
suppressor genes. The recent discovery of somatic
mutations in HRAS, KRAS and MRAS, which occur in 10-
45% of sporadic MTC cases, suggested an alternative
molecular pathway for the development of this
malignancy (Moura, 2011; Ciampi, 2013).

Through proper literature analysis, this article shows
the genetic aspects for defininghereditary syndromes
related to MTC and discusses the information necessary
to make a decision about surgery and follow-up of this
rare illness.

MATERIALS AND METHODS

An extensive data review was conducted on PubMed with
descriptors for hereditary medullary thyroid carcinoma,
early surgery and follow-up of these patients.Some
articles discussedthe history and definition of MTC.
Additionally, other papers exposed new nomenclatures
and classifications according to the aggressiveness of the
manifested symptoms. Therefore, adoption of new
directions for surgical management was suggested.
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RESULTS
Clinical manifestations of MEN2A, MEN2B and FMTC

MEN2A is responsible for 80% of MTC hereditary
syndromes. Of all patients who have MTC, 50% develop
pheochromocytoma and 25-30%  present  with
hyperparathyroidism, depending on the RET codon

mutation. Patients with  MEN2A can also develop
cutaneous lichen, amyloidosis, and Hirschsprung's
disease. Pheochromocytoma  will  develop in

approximately 50% of patients with MEN2A and MENZ2B.
The average age at first appearance of
pheochromocytomas was 36. Pheocrhomocytomas are
usually benign and confined to one adrenal gland. In 65%
of cases, pheochromocytomas can turn of multicentric
and bilateral. Patients with pheochromocytomas develop
one-sided contralateral pheochromocytoma within an
estimated period of 10 years (Schuchardt et al., 2006;
Jain et al., 2009).

Pheochromocytoma has significant morbidity and
mortality. Therefore, in MEN2A and MEN2B patients, it is
important to remove pheochromocytomas before thyroid
surgery. Metanephrines should be measured in the
plasma and urine, and tests such as computed
tomography and magnetic resonance imaging should be
requested to diagnose adrenal masses (Lenders et al.,
20086).

Unilateral adrenalectomy is indicated in the presence of
a unilateral pheochromocytoma. For a bilateral
pheochromocytoma, both adrenals are resected with the
patient receiving corticoid treatment throughout the
operation. The standard treatment is laparoscopic, and
subtotal adrenalectomy is also widely used to preserve
the function of the adrenal gland (Lairmore et al., 1993;
Scholten et al., 2011).

Hyperparathyroidism develops in 25-30% of patients
with MEN2A. Hypercalcemia is mild, and 85% of patients
are asymptomatic. The parathyroid size varies greatlyand
can affect 1 to 4 glands, and the most affected
histological pattern ispseudonodular hyperplasia. In
MEN2A, surgical treatment of hyperparathyroidism
rangesfrom simple resection of the single enlarged gland
(with measurement of intraoperative PTH) to subtotal
resection of the four glands, leaving a remainder of a
single gland or performing a heterotopic
autotransplantation (Yoshida et al., 2009; Scholten et al.,
2011).

Cutaneous lichen with amyloidosis occurs in 10% of
families with MEN2A, which affects scapular region
primarily, with intense itching due to amyloid deposits
(Nunziata et al., 1989; Gagel et al., 1989).

Hirschsprung's disease can occur in patients with
MEN2A and FMTC characterized by failed neural crest
cell migration, proliferation and differentiation in the
intestinal submucosa (Meissner), myenteric (Auerbach)
and deep submucosa (Henle) in the intestinal plexuses.



040 Glo. Adv. Res. J. Med. Med. Sci.

Table 1. Clinical Rating MEN2 and FMTC, and the occurrence of MTC associated with tumors and other diseases.

Subtype Percentual Start(age) FMTC% PHEO% HPT% Diseasesassociated

MEN2A 56 10 100 50 25 Linquen cut., amyloid, Hirschsprung’s disease
MEN2B 9 2 100 50 Neuromas, marfanoid habitus

CMT 35 30 95 - Rare

MTC = medullary thyroid carcinoma; FEO = pheochromocytoma; HPT = hypoparathyroidism.

The main RET mutation is inendothelium receiver 3
(Amiel et al., 2008).

MEN2B accounts for 5% of hereditary MTC,and 50%
will develop pheochromocytoma, presenting with
marfanoid habits, eye abnormalities, musculoskeletal
abnormalities, and general neuromas. Over 90% of
patients will develop symptoms such as abdominal pain,
constipation, diarrhea and megacolon (Smith et al., 1999;
Cohen et al., 2002).

It is important that the physician who first attends to a
child with MEN2B is very careful because this syndrome
is highly aggressive and thyroidectomy performed at the
right time can be curative (Sanso et al., 2002; Camacho
et al., 2008).

Family thyroid medullary carcinoma accounts for 15%
of MTC cases. In 1968,Stener described a family with
MTC, pheochromocytoma and Cushing's syndrome. They
suggested the name MEN2.

Fardon described FMTC. Originally, it was necessary
that 10 family members be affected with MTC or have a
mutation for more than 50 years as well as an
appropriate medical history, and it was necessary to
exclude pheochromocytoma and hyperparathyroidism
(Farndon et al., 1986).

A less rigid definition is the presence of at least 4 family
members with MTC and no other MEN2A manifestation.
Defining and distinguishing these two entities has been a
challenge with much controversy because the early
characterization of a FMTC may have been a failure to
identify a pheochromocytoma. This is well illustrated in
families with the RET mutation G533C in exon 8. In 2003,
a large family in Brazilhad six generations with this
mutation, including 76 members who were only carriers
of the gene (29 with MTC and none with
pheochromocytoma or hyperparathyroidism), and this
family wasdescribed as having FMTC (Da Silva et al.,
2007).

Currently, the majority of clinical investigators agree
that FMTC cannot be framed as a single syndrome. They
believe it should be a spectrum of diseases correlated
with  MEN2A syndrome. The ATA (American Thyroid
Association) notes that FMTC cannot be defined as a
distinct hereditary syndrome from MEN2A or MEN2B.

Therefore, FMTC must be rearranged as a variant of

MEN2A to include families that have only MTC.With
unique FMTC criteria, small families with at least two
generations, but less than 10 generations, with germline
mutations in RET and one single generation with at least
two members with a RET germline mutation should be
included in the spectrum.

Thus, there should be two MEN2 syndromes: MEN2A
and MEN2B. Within MEN2A, which accounts for 95% of
MEN?2 cases, patientscan be divided into four variants:

1. MEN2A - MTC, less frequent pheochromocytoma
and hyperparathyroidism or both;

2. MEN2A - sameasnumber 1but associated with
cutaneous lichen and amyloidosis;

3. MEN2A - with Hirschsprung's disease;

4. MEN2A - with FMTC (families with germline
mutations of MTC, but  no evidence of
pheochromocytoma or hyperparathyroidism yet) (Wells Jr
et al., 2015).

MTC and

Classification and risk criteria for

syndromic patients

The North American Neuroendocrine Tumor Society, The
National Comprehensive Cancer Network and the
American Thyroid Association (ATA) have published
guidelines for disease behavior in patients with FMTC.
The terms used were levels |, Il, and Il or high, very high
and higher to designate progressive increases in the
aggressiveness of MTC (Tuttle et al., 2010; Chen et al,
2010).

Aggressiveness is based on the development of MTC
at younger ages and the appearance of metastases. The
ATA used the letters A, B, C, and D according to the
increasing degree of aggressiveness. This categorization
has created some confusion.Therefore, in 2015, the ATA
created a task force to reformulate these criteria:

ATA-HST (category D): includes patients with MEN2B
and RET M918T mutated codon;

ATA-H (category C): includes patients with mutations in
the RET codon C634 and RET codon A883F;

ATA-MOD (category A and B): all other different
mutations of the aforementioned conditions. (Example:
G533C, C609F, C611F, C620F, C630, D631, KB66E,
E768D, L790F, V804L, 5891A) (Wells SA Jr et al, 2015).



MTC Diagnostics

In general, the measurement of serum levels of
calcitonin, especially after secretagogues stimuli such as
calcium or pentagastrin or a combination of the two,
serves as a primary evaluation or screening for family
members at risk for FMTC. Since the introduction of
detection analysis for the RET mutations, the two
methods above are rarely used (Wells Jr, 1978). The
reference values for basal serum calcitonin are <10 pg /
ml for men and <5pg/ml for females.

In new families with hereditary MTC where the state of
RET is unknown, the strategy used to diagnose at-risk
members is to sequence the most commonly affected
exons. If negative,the remaining exons are sequenced. If
no mutation is found, all of the genes need to be tagged
(Elisei et al., 2007). Most laboratories do sequencing
exons 10, 11 (C609, C611, C618, C620, C630, C634),
13, 14, 15 and 16. Some laboratories sequence exon 8.
Prenatal diagnosis is offered in some laboratories using
COLD-PCR combined with HRM (high resolution
melting), which is an analysis that can reach 100%
accuracy (Macher et al., 2012).

Patients with the MEN2B phenotype should be tested
for RET mutation M918T (mutation of exon 16), and if the
test is negative, clinicians should investigate RET
mutation A883F (exon 15). If no mutations are found, all
RET codons must be examined (Raue et al., 2012).

Genetic counseling

Genetic counseling and genetic testing for germline
mutations should be offered to:

a) 1st degree relatives of patients with proven FMTC;

b) Parents whose children have FMTC;

c¢) Patients with cutaneous lichen and amyloidosis;

d) Children and young people with Hirschsprung’s
disease and germline mutation in exon 10 RET and
adults with MEN2A and mutation in exon 10 who have
symptoms suggestive of Hirschsprung’s disease (Wells Jr
et al., 2015).

Patients with thyroid noduleswhose fine-needle
aspiration (FNA) ispositive for MTC, will require a
differential diagnosis for papillary thyroid carcinoma,
follicular  thyroid carcinoma, paraganglioma and
eventually sarcomas and lymphomas. MTC expressed
cytokeratin A, but the most important markers are
calcitonin (CTN) and CEA. The immunocytochemistry or
immunohistochemistry when the tumor is very
undifferentiated can be reduced to CTN and positive for
CEA (Mendelsohn et al., 1984).
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Therefore, patients with MTC who had no family history
should have direct analysis of their DNA from blood cells
to detect germline mutations in RET. If hereditary MTC
does occur, one must search for pheochromocytoma and
hyperparathyroidism as well as determining the
expression of CTN and CEA.

With calcitonin levels lower than500 pg/ml, the patient
is less likely to have distant metastases. Ultrasonography
is the best test for neck, thyroid and cervical lymph
nodes. A CT scan should be used to diagnose lung
metastases and mediastinal. For diagnosis of liver
metastasis, computed tomography in 3 phases or
contrast resonance are the most sensitive tests. Bone
scintigraphy and axial magnetic resonance are the most
sensitive tests for bone metastasis. The compounds 2-
18F-fluoro-deoxy-D glucose (FDG) and F-
dihydroxyphenylalanine (F-dopa-PET / CT) are less
sensitive for detecting metastasis (Giraudet et al., 2007).

Importantly, CTN levels may be predictive of cervical
metastases. Normal levels are under than 10pg/ml. If the
patient has a CTN level<20pg/ml, the chance of
metastasis is very low. Levels above 20, 50, 200 and
500pg/ml reflect central lymph node metastasis, central
and ipsilateral side (ll, Ill, and [IV); central and
contralateral side; and superior mediastinum (Elisei R et
al,, 2012). Even in the absence of lymph nodes with
CTN>20 pg/ml, the neck should be examined closely for
metastasis.
Prophylactic children  with
hereditary MTC

thyroidectomy in

The main criteria to indicate a prophylactic surgery in a
patient with a hereditary cancer syndrome are:

1. The genetic mutation is caused by complete or
nearly complete penetrance;

2. There is an extremely reliable test to detect the
mutation;

3. The organ at risk is dispensable or otherwise
unneeded and there is a replacement therapy organ
function;

4. The organ can be removed with minimal morbidity
and no mortality;

5. There is a test to determine whether the surgery was
curative.

We will use the term prophylactic for thyroid removal
before the development of MTC or removal when MTCis
"silent" and restricted to the gland. Currently, the biggest
question is not whether prophylactic thyroidectomy
should be performed, but when it should be executed.
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Table 2. Management patients RET mutations

Characteristic Codons: 321, 515, 533, 600, 603, 606, Codons: 609, Codons: 634, Codon:918

635, 649, 666, 768, 776, 790, 791, 804, 611, 618, 620, 883

819, 833, 844, 861, 891, 912 630, 631

Category ATA MOD - H HST
MEN2 subtype FMTC FMTC/MEN2A MEN2A MEN2B
MTC: aggression Moderate High High Highest
MTC: age of onset Youth/adult Syears < 5 years First months
Profilactic thyroidectomy CTN lifting , 5-10 years or familiar desire Syears < 5 years First months
Search pheochromocytoma =16 years 216 years =11 years 211 years
Search hyperparathyroidism =16 years 216 years =11 years 211 years

MOD = moderate risk of aggressiveness of medullary thyroid carcinoma; H = high risk; HST = very high risk; CTN = calcitonin.

DISCUSSION

Regarding aggressivenessand the starting age of tumor
manifestations, large differences can be noticed not
onlyfordistinct families with the same RET mutation
(except for mutations at codon 634 and 918) but also
within families with the same genotypic expression.

The decision of which age prophylactic thyroidectomy
must be performed will not be based only on the direct
analysis of the patient’'s DNA but also the stimulatedCTN
serum levels.The thyroidectomy should be performed on
MTC when CTN starts to increase above 5 years of age
orthere is an abnormal ultrasound, and a rigorous
assessment should be conducted every 6 months. If the
parents are very concerned, this procedure should be
performed at 5 years of age. However, it should be taken
care when dealing with very young children, especially
children under 2 years old, due to the risk of causing
hypoparathyroidism (Elisei et al., 2012).

Children with MEN2A and the RET mutation in codon
634 (category ATA-H) usually develop MTC in the early
years of their life. Therefore, physical examination,
ultrasound and measurement of CTN should begin when
children are 3 years old. ATA-MOD, however, is less
aggressive than ATA-H,and individuals with this
mutationtypically develop MTC at a later age.lf CTN is
below 40 pg/ml, total thyroidectomy without neck
dissection is an appropriate therapy. This surgery,
especially in the ATA-H, should be carried out at 5 years
of age or earlier. Children with ATA-MOD who are closely
monitored and have low CTN may postpone
thyroidectomy (Skinner et al., 2005).

In patients with MEN2B and mutation M918T in the
RET codon (ATA-HST), MTC is highly aggressive, and
thyroidectomy should be considered as soon as possible.
These children should have their thyroidectomies in the
first year of life and, if possible, in the first month. CTN
levels are very high in the first month of life, and the
parathyroid glands are difficult to identify. In the absence
of suspicious lymph nodes, the surgeon must

performcentral emptying if the parathyroid glands can be
found.

It is important to note that only 25% of patients with
MEN2B know at birth that they are carriers of this
mutation, and 75% have a mutation in RET with
phenotypically normal parents.As such, the diagnosis is
often made later (Leboulleux et al., 2002).

A patient who is not diagnosed  with
pheochromocytoma and is going to undergo a
thyroidectomy is at serious risk for potential mortality.
Therefore, for MTC, it is crucial to exclude
pheochromocytoma through the measurement of urinary
or plasmametanephrines, abdominal CT or MRI are
important as well. In the presence of a single
pheochromocytoma during MTC surgery, unilateral
adrenalectomy is sufficient. Contralateral
pheochromocytoma will develop over a period of 10
years. If bilateral, the risk of Addison’s syndrome must be
taken into account, and some surgeons have preferred
adrenalectomy that maintains 10 to 15% of adrenal
function.However, corticosteroids should be provided
before, during and after surgery. The recurrence is 20%
within 10 years following this procedure. Screening for
pheochromocytoma should be started at age 11 with
children who have ATA-H and ATA-HST and at 16 with
children who have ATA-MOD (Thosani et al., 2013).

The investigation of hyperparathyroidism (HPT) should
start at age 11 in ATA-H patients and age 16 in-ATA
MOD patients.The investigation should include
measuresof calcium corrected by albumin, ionized
calcium, total calcium and PTH.

HPT will occur in patients with a mutation in the exon
11 codon and will occur more often in codon 634 and less
frequently in exon 10. HPT is lighter and asymptomatic in
MENZ2A (Carling et al., 2005).

Treatment options are: A) subtotal parathyroidectomy,
leaving 1 gland; B) Total parathyroidectomy with an
autograft of small portions of the less-affected gland in
the forearm or sternal region; C) resection only of the
increased gland with intraoperative monitoring of PTH



(most adopted procedure) (Scholten et al., 2011).
Patients who develop HPT after thyroidectomy for
treatment of MTC should have the same conduct
described above.

Patients should be evaluated for the first 6 months with
physical examination and tests for CTN and CEA levels.
If the levels of these two markers are undetectable within
a period of five years, there is no need for further studies,
and patients could be followed annually. The time at
which the values of these markers doubled was very
important. If the level of CTN doubled between 6 months
and2 years, survival at 5 and 10 years was 92 and 37%,
respectively, whereas if CTN doubled in less than 6
months, the survival rate at 5 and 10 years was 25 and
8% (Miyauchi, 1984). CTN and CEA are strongly
correlated, but CEA can rise without CTN change. If CTN
was 150 - 200 pg/ml, for example, and TC showed nodes
in a neck dissection, but there was no evidence of lymph
nodes, compartmental emptying is only curative for 30%
of patients (Tisell et al., 1986).

The development of distant metastases will cause a
drastic drop in patient survival. Survival at 1 year was
51%, 26% at 5 years, and 10% at 10 years. Response to
treatment with chemotherapy waspoor, ranging from 10
to 20%. Doxorubicin is the most used and approved drug
(Schertibl et al., 1990).

Radioimmunotherapy  directed  with  biospecific
monoclonal antibodies (for example 1'*'-conjugated
antibodies against CEA) has shown promising results in
clinical trials, but there has been no phase lll prospective
randomized study (Chatal et al., 2006).

Molecular targetedtherapies, particularly of tyrosine
kinase inhibitors, have been studied. Several studies
have shown responses ranging from 2 to 50%. Two
examples include vandetanib and cabozantinib, which
were evaluated in randomized phase Il prospective
double-blind  studies. They showed  significant
improvement in disease-free survival compared to
placebo and wereapproved by the FDA (Federal Drug
Administration) for advanced MTC treatment (Wells et al.,
2012; Schoffski et al., 2012).

CONCLUSION

According to the literature,it is fundamental knowing and
applying the association between genotype and
phenotype in clinical practicefor patients with medullary
thyroid carcinoma. All evidence suggests that surgery is
the only potentially curative treatment for these patients,
and surgery should be performed as early as possible.In
the hands of experienced surgeons, the progression of
the disease can be changed. Potentially fatal cancer
turnsinto a curable disease.

We hope that the continued advances in biotechnology
and the amount of existing genomic information will allow
for tracking of new drugs, new treatments, development
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of new classes of molecular targeted therapies, and
better control of this disease and other hereditary
diseases in an era of personalized medicine.

ACKNOWLEDGMENTS

Research Center at the Brazilian National Cancer
Institute.

REFERENCES

Amiel J, Sproat-Emison E, Garcia-Barcelo M (2008). Hirschsprung
disease, associated syndromes and genetics: a review. J. Med.
Genet. 45:1-14.

Camacho CP, Hoff AO, Lindsey SC (2008). Early diagnosis of multiple
endocrine neoplasia type 2B: a challenge for physicians. Arqg. Bras.
Endocrinol. Metabol. 52:1393-1398.

Carling T, Udelsman R (2005). Parathyroid surgery in familial
hyperparathyroid disorders. J. Intern. Med. 257:27-37.

Carlomagno F, Salvatore G, Cirafici AM, et al (1997). The diferente
RET-activating capability of mutations of cysteine 620 or cysteine 634
correlates with the multiple endocrine neoplasia type 2 disease
phenotype, Cancer Res. 57: 391 — 395.

Chen H, Sippel RS, O Dorisio MS, et al (2010). The North American
Neuroendocrine Tumor Society consensus guideline for the diagnosis
and management of neuroendocrine tumors: pheochromocytoma,
paraganglioma, and medullary thyroid cancer. Pancreas. 39(6):775-
783.

Chatal JF, Campion L, Kraeber-Bodéré F (2006). Survival improvement
in patients with medullary thyroid carcinoma who undergo
pretargeted anti-carcinoembryonic-antigen radioimmunotherapy: a
collaborative study with the French Endocrine Tumor Group. J. Clin.
Oncol. 24:1705-1711.

Ciampi R, Mian C, Fugazzola L (2013). Evidence of a low prevalence of
RAS mutations in a large medullary thyroid cancer series.Thyroid.
23:50-57.

Clayton D C, Schuffenecker |, Lenoir G, Cote G, et al. (1996). The
relationship between specific RET proto-oncogene mutations and
disease phenotype in multiple endocrine neoplasia type 2.
International RET mutation consortium analysis. JAMA. 276:1575—
1579.

Cohen MS, Phay JE, Albinson C, (2002). Gastrointestinal
manifestations of multiple endocrine neoplasia type 2. Ann. Surg.
235:648-654.

Cosci B, Vivaldi A, Romei C, et al (2011). In silico and in vitro analysis
of rare germline allelic variants of RET oncogene associated with
medullary thyroid cancer, Endocr. Relat. Cancer.18 (5):603-612.

Da Silva AM, Maciel RM, Da Silva MR, Toledo SR, De Carvalho MB,
Cerutti JM (2003). A novel germ-line point mutation in RET exon 8
(Gly(533)Cys) in a large kindred with familial medullary thyroid
carcinoma. J. Clin. Endocrinol. Metab. 88:5438-5443.

Donis-Keller H, Dou S, Chi D, et al (1993). Mutations in RET proto-
oncogene are associated with MEN2A and FMTC. Human Mol.
Genet. 2(7):851-856.

Elisei R, Romei C, Cosci B (2007). RET genetic screening in patients
with medullary thyroid cancer and their relatives: experience with 807
individuals at one center. J. Clin. Endocrinol. Metab. 92:4725-4729.

Elisei R, Romei C, Renzini G, Bottici V, Cosci B, et al (2012). The timing
of total thyroidectomy in RET gene mutation carriers could be
personalized and safely planned on the basis of serum calcitonin: 18
years experience at one single center. J. Clin. Endocrinol. Metab.
97:426-435.

Farndon JR, Leight GS, Dilley WG, Baylin SB, Smallridge RC, Harrison
TS, Wells SA, Jr (1986). Familial medullary thyroid carcinoma without
associated endocrinopathies: a distinct clinical entity. Br. J. Surg.
73:278-281.



044 Glo. Adv. Res. J. Med. Med. Sci.

Gagel RF, Levy ML, Donovan DT, Alford BR, Wheeler T, Tschen JA
(1989). Multiple endocrine neoplasia type 2a associated with
cutaneous lichen amyloidosis. Ann. Intern. Med. 111:802—-806.

Giraudet AL, Vanel D, Leboulleux S, Auperin A, et al (2007). Imaging
medullary thyroid carcinoma with persistent elevated calciton in
levels. J. Clin. Endocrinol. Metab. 92:4185-419

Jain S (2009). The many faces of RET dysfunction in kidney.
Organogenesis. 5:177-190.

Leboulleux S, Travagli JP, Caillou B, Laplanche A, et al (2002).
Medullary thyroid carcinoma as part of a multiple endocrine neoplasia
type 2B syndrome: influence of the stage on the clinical course.
Cancer 94:44-50.

Lenders JW, Eisenhofer G, Mannelli M, Pacak K (2005).
Pheochromocytoma.Lancet. 366:665-675.

Lairmore TC, Ball DW, Baylin SB, Wells SA Jr (1993). Management of
pheochromocytomas in patients with multiple endocrine neoplasia
type 2 syndromes. Ann. Surg. 217:595-601.

Macher HC, Martinez-Broca MA, Rubio-Calvo A, Leon-Garcia C, et al
(2012). Non-invasive prenatal diagnosis of multiple endocrine
neoplasia type 2A using COLD-PCR combined with HRM genotyping
analysis from maternal serum. PLoS One 7:¢51024.

Mendelsohn G, Wells SA Jr, Baylin SB (1984). Relationship of tissue
carcinoembryonic antigen and calcitonin to tumor virulence in
medullary thyroid carcinoma. An immunohistochemical study in early,
localized, and virulent disseminated stages of
disease.Cancer.54:657-662

Miyauchi A, Onishi T, Morimoto S (1984). Relation of doubling time of
plasma calcitonin levels to prognosis and recurrence of medullary
thyroid carcinoma. Ann. Surg. 199:461—-466.

Miyauchi A, Futami H, Hai, Yokozawa TN, Kuma K, et al (1999). Two
germline missense mutations at codons 804 and 806 of the RET
proto-oncogene in the same allele in a patient with multiple endocrine
neoplasia type 2B without codon 918 mutation. Jpn. J. Cancer Res.

Moura MM, Cavaco BM, Pinto AE, Leite V (2011). High prevalence of
RAS mutations in RET-negative sporadic medullary thyroid
carcinomas. J. Clin. Endo Metab. 96:863—-868.

Nunziata V, Giannattasio R, Di Giovanni G, D'Armiento MR, Mancini M
(1989). Hereditary localized pruritus in affected members of a kindred
with multiple endocrine neoplasia type 2A (Sipple's syndrome). Clin.
Endocrinol. (Oxf). 30:57-63.

Pinchot SN, Sippel RS, Chen H (2008). Multi-targeted approach in the
treatment of thyroid cancer. Their Clin. Risk Manag. 4 (5):935-947.
Raue F, Frank-Raue K (2012). Genotype-phenotype correlation in

multiple endocrine neoplasia type 2. Clinics. 67:69-75

Sanso GE, Domene HM, Garcia R (2002). Very early detection of RET
proto-oncogene mutation is crucial for preventive thyroidectomy in
multiple endocrine neoplasia type 2 children: presence of C-cell
malignant disease in asymptomatic carriers. Cancer. 94:323-330.

Schertibl H, Raue F, Ziegler R (1990). Combination chemotherapy of
advanced medullary and differentiated thyroid cancer. Phase Il study.
J. Cancer Res. Clin. Oncol.116:21-23.

Schoffski P, Elisei R, Mueller M (2012). An international, double-blind,
randomized, placebo-controlled phase Il trial (EXAM) of cabozantinib
(XL184) in medullary thyroid carcinoma (MTC) patients (pts) with
documented RECIST progression at baseline. J. Clin. Oncol.
30:5508.

Scholten A, Schreinemakers JM, Pieterman CR, Valk GD, Vriens MR,
BorelRinkes IH (2011). Evolution of surgical treatment of primary
hyperparathyroidism in patients with multiple endocrine neoplasia
type 2A. Endocr. Pract. 17:7—-15.

Scholten A, Valk GD, Ulfman D, BorelRinkes IH, Vriens MR (2011).
Unilateral subtotal adrenalectomy for pheochromocytoma in multiple
endocrine neoplasia type 2 patients: a feasible surgical strategy. Ann.
Surg. 254:1022-1027.

Schuchardt A, D'Agati V, Larsson-Blomberg L, Costantini F, Pachnis V
(1994). Defects in the kidney and enteric nervous system of mice
lacking the tyrosine kinase receptor Ret. Nature. 367:380-383.

Skinner MA, Moley JA, Dilley WG, Owzar K, Debenedetti MK, Wells SA
Jr (2005). Prophylactic thyroidectomy in multiple endocrine neoplasia
type 2A. N Engl. J. Med. 3.53:1105-1113.

Smith VV, Eng C, Milla PJ (1999). Intestinal ganglioneuromatosis and
multiple endocrine neoplasia type 2B: implications for treatment. Gut.
45:143-146.

Steiner AL, Goodman AD, Powers SR (1968). Study of a kindred with
pheochromocytoma, medullary thyroid carcinoma,
hyperparathyroidism and Cushing's disease: multiple endocrine
neoplasia, type 2. Medicine (Baltimore) 47:371—4009.

Thosani S, Ayala-Ramirez M, Palmer L, MI Hu, et al (2013). The
characterization of pheochromocytoma and its impact on overall
survival in multiple endocrine neoplasia type 2. J. Clin. Endocrinol.
Metab. 98:E1813-E1819.

Tisell LE, Hansson G, Jansson S, Salander H (1986). Reoperation in
the treatment of asymptomatic metastasizing medullary thyroid
carcinoma. Surgery. 99:60-66.

Tuttle RM, Ball DW, Byrd D, Daniels GH, Shah JP, et al (2010).
Medullary carcinoma. J. Natl. Compr. Canc. Netw. 8:512-530.

Wells SA Jr, Baylin SB, Linehan WM, Farrell RE, Cox EB, Cooper CW
(1978). Provocative agents and the diagnosis of medullary carcinoma
of the thyroid gland.Ann Surg. 188:139-141.

Wells SA Jr, Robinson BG, Gagel RF (2012). Vandetanib in patients
with locally advanced or metastatic medullary thyroid cancer: a
randomized, double-blind phase Il trial. J. Clin. Oncol. 30:134-141

Wells SA Jr, Asa SL, Dralle H, Elisei R, Evans DB, Gagel RF, et al
(2015). Revised American Thyroid Association Guidelines for the
Management of Medullary Thyroid Carcinoma, Thyroid. June 25(6):
567-610.

Yoshida S, Imai T, Kikumori T (2009). Long term parathyroid function
following total parathyroidectomy with autotransplantation in adult
patients with MEN2A. Endocr. J. 56:545-551.



