
Introduction

Medullary thyroid carcinoma is a well-
differentiated thyroid tumor maintaining the
biochemical and pathological features of the
parafollicular or calcitonin-producing C cells
from which it derives [1,2]. Its origin makes it a
separate entity from the other differentiated
thyroid carcinomas.

The overall frequency of medullary thyroid
carcinoma is not well established, while its
prevalence is 5–10% in all thyroid malignancies,
0.4–1.4% in all thyroid nodules, and less than
1% in the thyroids of subjects submitted to
autopsy. Contrary to papillary and follicular car-
cinomas, no difference in distribution between
females and males is observed. The clinical
appearance is mainly in the fourth and fifth
decades, but a wide range of age at onset is
present [3–6].

No significant environmental factors or
ethnic differences associated with the develop-
ment of medullary thyroid carcinoma have been
identified, although associations with prior
thyroid diseases and other disorders such as
hypertension, allergies, and gallbladder disease
have been reported in a pooled analysis of epi-
demiological studies [7].

The pathogenetic mechanism has been rec-
ognized in the activation of the RET proto-
oncogene [8–10]. According to the somatic or
germline localization of the activated RET onco-
gene, two different forms are recognized: the

sporadic form, which accounts for about 75% of
cases, and the hereditary or familial form, which
accounts for the remaining 25%. Only the hered-
itary form affects children and, generally, the
most aggressive is the multiple endocrine neo-
plasia type 2B (MEN2B) syndrome in the clini-
cally affected child [11–13].

The biological behavior of medullary thyroid
carcinoma is much less favorable when com-
pared with that of the other well-differentiated
thyroid carcinomas even though it is not as
unfavorable as that of anaplastic carcinoma [14]
(Figure 21.1). A 10-year survival of about 50%
of medullary thyroid carcinoma patients is
reported in several series. Both the cure and sur-
vival of these patients are positively affected by
an early diagnosis [15,16].

Clinical Presentation
Sporadic Form
The most common clinical presentation of spo-
radic medullary thyroid carcinoma is a thyroid
nodule, either single or belonging to a series 
of nodules configuring the clinical picture 
of a multinodular goiter. With the exception of
the simultaneous presence of diarrhea and/or
flushing syndrome, which is however rare 
and usually related to an advanced metastatic
disease, patients do not generally have any
specific symptom. The association of thyroid
nodular disease with a lump in the neck may
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lead the clinician to suspect a thyroid malig-
nancy but not specifically a medullary thyroid
carcinoma.

Hereditary Forms
In about 25% of cases the medullary thyroid
carcinoma is one of the components of the mul-
tiple endocrine neoplasia type 2 syndrome,
which is an autosomal dominant inherited 
syndrome with a variable degree of expressi-
vity and an age-related penetrance. As shown 
in Table 21.1, three different hereditary syn-
dromes can be classified according to the
involved organs: (a) multiple endocrine neopla-

sia type 2A (MEN2A), a syndrome consisting of
medullary thyroid carcinoma, pheochromocy-
toma, and parathyroid neoplasia [17]; (b)
MEN2B, a syndrome consisting of medullary
thyroid carcinoma, pheochromocytoma, muco-
sal neuromas, and ganglioneuromatosis [18]; (c)
familial medullary thyroid carcinoma (FMTC),
which is characterized by the presence of an
inheritable medullary thyroid carcinoma with
no apparent association with other endocrine
neoplasia [19]. After the introduction of RET
genetic screening, the relative prevalence of the
FMTC syndrome has been found to be much
higher (from 10% to 50% of all MEN syn-
dromes) (Figure 21.2). The increased number of
FMTC cases is mainly due to the high number
of apparently sporadic medullary thyroid carci-
nomas demonstrated to be familial cases by the
RET mutation analysis [20,21].

The clinical appearance of medullary thyroid
carcinoma in MEN syndromes is that of
a thyroid nodular disease, similar to that of
the sporadic form with the exception that it 
is usually bilateral, multicentric, and almost
invariably associated with C-cell hyperplasia
[22–24]. The clinical course of the medullary
thyroid carcinoma varies considerably in the
three syndromes. It is very aggressive and
almost invariably unfavorable in MEN2B, with
affected patients rarely surviving after adoles-
cence. It is most indolent in the majority of
patients with the FMTC form and shows 
variable degrees of aggressiveness in patients
with MEN2A. Different types of RET gene muta-
tions account for different biological behavior
[25–28] and separate therapeutic protocols have
been defined for the treatment of medullary
thyroid carcinoma occurring in the three differ-
ent syndromes [29].

Figure 21.1 Survival rate of patients affected by different his-
totypes of thyroid carcinoma. MTC patients have a 10-year sur-
vival rate of about 50%, which is lower than that of patients with
papillary and follicular thyroid carcinoma but higher than that
of patients with anaplastic thyroid carcinoma.

Table 21.1 Prevalence of different endocrine neoplasia and
other clinical manifestations in MEN2 syndromes

Prevalence
Clinical manifestation (%)

MEN2A Medullary thyroid carcinoma 100
Pheochromocytoma 50
Parathyroid adenomas 10–30
Cutaneous lichen amyloidosis <10

MEN2B Medullary thyroid carcinoma 100
Mucosal neuromas (tongue, 100

subconjunctivas)
Ganglioneuromatosis 100
Marfanoid habitus 65
Pheochromocytoma 45

FMTC Medullary thyroid carcinoma 100

MTC

HEREDITARY 25%

SPORADIC  75%

MEN IIA 40 %

MEN IIB   5 %

FMTC      55 %

Figure 21.2 Classification and relative prevalence of different
forms of medullary thyroid carcinoma according to RET genetic
screening and clinical manifestations.
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Between 10% and 30% of patients with
MEN2A develop hyperparathyroidism during
the third to fourth decades of life. The clinical
findings are superimposable on those of the
sporadic form of hyperparathyroidism and very
often no specific symptoms are present. At vari-
ance with the sporadic form, multiple parathy-
roid hyperplasia or adenomatosis is most
commonly found [17,30]. Hyperparathyroidism
has only occasionally been reported in patients
with MEN2B [18].

About 50% of MEN2A and 40–45% of MEN2B
patients develop pheochromocytoma, which
shares the same characteristics in both syn-
dromes. Contrary to the sporadic form of
pheochromocytoma, the adrenal tumors of
MEN syndromes are usually bilateral and mul-
ticentric. However, the two adrenal glands are
rarely simultaneously involved and a mean
period of 10 years usually elapses between the
development of the tumor in the two glands.

The MEN2B syndrome is characterized by the
association with mucosal neuromas, which are
mainly located on the distal tongue and sub-
conjunctival areas, and ganglioneuromatosis
affecting the gastrointestinal tract. MEN2B
patients may be easily recognized on physical
examination by the typical marfanoid habitus
characterized by thin and inappropriately long
extremities and pectus excavatum [18,31–33].
Thick lips and eyelids are frequently observed
in the presence of mucosal neuromas, and are
usually clearly evident when eyes and mouth are
explored (Figure 21.3). Gastrointestinal disor-
ders due to the intestinal neuromas throughout
the intestinal tract, including obstructive symp-
toms, cramping and diarrhea, are frequently
observed in early childhood.

An association with cutaneous lichen amyloi-
dosis (CLA), a characteristically a pigmented
and itchy skin lesion specifically localized in the
interscapular region of the back (Figure 21.4),

Figure 21.3 Clinical features of MEN2B syndrome. A Characteristic mucosal neurinomas of subconjunctivas are apparent. B Charac-
teristic mucosal neurinomas of the distal part of the tongue are apparent. C Characteristic thick lips and marfanoid habitus. D Thick
lips and mucosal neurinomas.
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has been reported in less than 10% of MEN2A
families [34,35]. The development of CLA may
precede the development of the medullary
thyroid carcinoma: thus, when present it is
almost invariably diagnostic of MEN2A and
may be considered a predictor of the syndrome.

Diagnosis
Thyroid ultrasonography, ultrasound-guided
fine-needle aspiration cytology, and measure-
ment of serum calcitonin levels (basal and after
injection of calcitonin-stimulating reagents,
e.g. pentagastrin) represent the most sensitive 
diagnostic tools for medullary thyroid carci-
noma. RET genetic analysis should always be
performed when the diagnosis of medullary
thyroid carcinoma has been established to
verify the sporadic or hereditary nature of the
thyroid malignancy.

Sporadic Form
Physical examination of the neck does not offer
any significant diagnostic elements. A palpable
single or multi nodular goiter is usually present.
A classical workup for thyroid nodular disease
is then performed. Thyroid ultrasonography
usually shows a hypoechoic nodule, sometimes
with microcalcifications; 131I and/or 99Tc thyroid
scintiscan reveals a cold nodule and the diag-
nosis is made by fine-needle aspiration cytology
and/or by elevated serum calcitonin levels.
Several studies have demonstrated that routine
measurement of serum calcitonin is the most
accurate diagnostic tool for the detection of
medullary thyroid carcinoma in patients with
thyroid nodules [36–42]. Subjects with elevated

basal serum calcitonin should be submitted to a
pentagastrin stimulation test (0.5mg/kg intra-
venously) to distinguish calcitonin secreted by 
a medullary thyroid carcinoma: a significant
increase in serum calcitonin is observed in
patients with medullary thyroid carcinoma
[43,44] but not in those with elevated basal
serum calcitonin deriving from other sources
(Table 21.2) or those due to artifacts [45–47].
Although the routine measurement of serum
calcitonin in all subjects with thyroid nodules is
still controversial [48,49], evidence has been
provided that this approach allows an early
diagnosis and treatment, thus significantly
improving the outcome of this potentially lethal
disease [50].

Taking into account the relevance of com-
pleteness of the first surgical treatment [51],
the suspicion or clinical diagnosis of medullary
thyroid carcinoma requires an accurate exami-
nation of the neck to plan the best surgical treat-
ment for the patient. A neck ultrasound should
be performed in order to identify suspicious
lymph nodes with metastatic lesions to be sub-
mitted to a fine-needle aspiration for cytologi-
cal examination or measurement of calcitonin
in the washout of the needle used.

Since at least 5–7% of apparently sporadic
medullary thyroid carcinoma are found to be
hereditary cases [20,21], a preoperative evalua-
tion of both the adrenal and parathyroid 
morphology and function should always be 
performed. The familial history should also 
be carefully reconsidered with particular regard
to the occurrence of pheochromocytoma and
hyperparathyroidism in other family members.

Measurement of the serum carcinoembry-
onic antigen (CEA) is also indicated in the pre-
operative phase because elevated levels are
strongly suggestive of advanced disease. Cases
with advanced local disease demonstrated by
neck ultrasound and associated with elevated

Table 21.2 Hypercalcitoninemia in conditions other than MTC

“Small cell” lung carcinoma
Various neuroendocrine tumors
Chronic renal failure
Pernicious anemia
Zollinger’s syndrome
Lymphocytic thyroiditis
Follicular and papillary thyroid microcarcinoma

Figure 21.4 Cutaneous lichen amyloidosis (CLA) in a patient
affected by MEN2A. The figure shows the characteristic location
in the interscapular regions.
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serum CEA levels should be studied by com-
puterized tomography (CT) to better evaluate
the relationship of the disease with the large
veins, trachea, and esophagus and plan the most
appropriate surgical treatment [52–54].

Hereditary Forms
The hereditary nature of the tumor may be sus-
pected on the basis of a positive family history
(other members already affected), or the associ-
ation with other endocrine neoplasia (pheo-
chromocytoma and/or parathyroid adenomas)
or other disorders (neuromas, marfanoid fea-
tures, CLA). The evaluation of thyroid nodule in
the hereditary form is performed in the same
way as that recommended for sporadic cases,
while the hereditary forms require mandatory
simultaneous examination of adrenal and
parathyroid glands.

With the exception of a few examples 
[55,56], the development and the diagnosis of
pheochromocytoma usually follows the devel-
opment and the diagnosis of medullary thyroid
carcinoma. Symptoms of pheochromocytoma
are not specific and may be confused with those
caused by anxiety. Hypertension is very rare,
especially at the beginning of the disease. An
elevated value of the daily urinary excretion of
epinephrine is observed as the first alteration 
of catecholamine production. Norepinephrine
usually increases only later in the course of the
disease; thus the earliest biochemical abnor-
mality is an elevated ratio of epinephrine to 
norepinephrine [57,58]. It has recently been
demonstrated that the measurement of plasma
metanephrines, the o-methylated metabolites 
of catecholamines, offer great advantages for 
an early diagnosis of pheochromocytoma 
over standard measurements of plasmatic cate-
cholamines. Tests for plasma metanephrines are
more specific and sensitive than those for cate-
cholamines: while normal plasma concentra-
tions of metanephrines exclude the diagnosis of
pheochromocytoma, normal plasma concentra-
tions of catecholamines do not [59,60]. Once the
biochemical suspicion of a pheochromocytoma
has arisen, an abdomen ultrasound with or
without computerized tomography (CT) and/or
magnetic resonance imaging (MRI) may be
useful for the localization of the adrenal mass
[61,62]. If there is no demonstrable adrenal
mass by CT or MRI scanning, 131I metaiodoben-

zylguanidine, a catecholamine analogue actively
concentrated by chromaffin tissue, can be used
to investigate the presence of an extra-adrenal
tumor [63].

Parathyroid glands may also be involved in
MEN2A. Both adenomas and hyperplasia may
be associated with an increase of the parathy-
roid hormone secretion, resulting in hypercal-
cemia and hypercalciuria in more advanced
cases [64]. The earliest serum abnormality
detected is a moderately elevated level of serum
parathyroid hormone with normal–high levels
of calcemia. In doubtful cases, a calcium infu-
sion test that is unable to suppress the parathy-
roid hormone secretion will be helpful for the
diagnosis [65].

RET genetic analysis is fundamental for the
early discovery of gene carriers who have to be
submitted to a clinical evaluation as soon as the
mutation has been revealed in their constitutive
DNA. Thyroid ultrasound and a serum calci-
tonin measurement should be performed in
gene carriers. If both of them are negative a pen-
tagastrin stimulation test is usually required.
Therapeutic strategies and follow-up protocols
will be adjusted according to the guidelines for
the diagnosis and treatment of the multiple
endocrine neoplasia as reported below [29].

Follow-up and Diagnosis of
Persistent Disease
After the initial therapy has been performed,
serum basal and pentagastrin-stimulated calci-
tonin should be measured to verify the com-
pleteness of the treatment. The first control after
surgery should be done 3 months after the sur-
gical treatment, including physical examination,
neck ultrasound and measurement of serum
free triiodothyronine (FT3), free thyroxine
(FT4), thyroid-stimulating hormone (TSH),
calcitonin, and CEA. Measurement of FT3,
FT4, and TSH are requested for monitoring 
the levothyroxine (L-T4) replacement therapy.
Serum calcitonin and CEA measurement and
neck ultrasound are necessary for follow-up of
the medullary thyroid disease. Due to the pro-
longed half-lives, if performed too early, meas-
urement of serum calcitonin may be misleading,
especially if a high serum concentration was
present preoperatively [66] (Figure 21.5). If
basal calcitonin is undetectable, a pentagastrin
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stimulation test is recommended. Patients 
with a negative pentagastrin stimulation test
should be reevaluated one year later. A large
series of patients with prolonged follow-up has
shown that 3.3% of patients with one postoper-
ative negative pentagastrin tests subsequently
become positive [67]. Two negative pentagastrin
tests on two follow-up evaluations strongly
suggest that the patient is disease-free. Thus,
basal serum calcitonin measurement on an
annual basis is recommended, while the penta-
gastrin stimulation test may be performed at
longer intervals (e.g. every 5 years). In patients
with undetectable levels of serum calcitonin,
measurement of CEA is not necessary.

Frequently basal and/or pentagastrin-
stimulated serum calcitonin is persistently 
elevated after initial surgery. Because serum 
calcitonin is a very sensitive and specific tumor
marker, the finding of detectable serum levels of
basal or stimulated calcitonin is an indication of
persistent disease. In patients with persistent
disease, serum CEA concentration should be
monitored because both high and increasing
levels are strongly suggestive of a progressive
disease [68,69]. In the majority of cases, the
challenge is to find the source of production of
calcitonin and CEA. An accurate neck ultra-
sound is the first localization technique to be
performed due to the high frequency of local
recurrence and cervical node metastases.A total

body CT scan and bone scintigraphy are also
suggested in the workup of a patient with
detectable values of serum calcitonin. Other
imaging techniques such as Octreoscan, 123I-
MIBG, and positron emission tomography
(PET) may be useful although at present they do
not appear to be particularly sensitive, espe-
cially in the presence of micrometastases
[70–73]. The most accurate technique for the
localization of occult metastases is probably the
measurement of serum calcitonin after selective
venous sampling catheterization: the presence
of a gradient in the neck, in the mediastinum 
or in the suprahepatic veins suggests the pres-
ence of metastatic disease in the area where 
the higher levels of serum calcitonin have 
been found. It should be taken into account 
that this method is rather invasive and does 
not significantly improve the rate of cure
[74–76].

About 50% of patients not cured at surgery
have no evidence of metastatic disease when
studied with the traditional imaging techniques
(CT, MRI, PET). In this condition of “biochemi-
cal disease,” characterized by the persistence of
detectable levels of basal and/or pentagastrin-
stimulated serum calcitonin but without evi-
dence of metastatic lesions, the most widely
accepted therapeutic strategy is that of “wait
and see.” A detectable serum calcitonin level is
in fact compatible with long-term survival,
during which calcitonin may remain stable with
time or slowly increase. These patients are peri-
odically monitored at intervals of 6 months to 1
year (Figure 21.6).

HOURS

1/2
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A

Figure 21.5 Disappearance rate of serum calcitonin (CT) after
total thyroidectomy in two patients affected by MTC (A and B):
two different half-lives of 3 and 30 hours respectively have been
observed in both patients. (Modified from Fugazzola et al. [66].)

Figure 21.6 Flow chart for the management of patients with
detectable serum levels of calcitonin after total thyroidectomy.
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Diagnostic Tools
Fine-Needle Aspiration 
Cytology (FNAC)
Fine-needle aspiration is performed according
to the standard procedure. In a typical cytolog-
ical smear of a medullary thyroid carcinoma,
cells are usually isolated, with shape varying
from oval to round, large polygonal or spindled.
Cytoplasm may be abundant or scanty and
usually contains acidophilic granulation visible
with specific stains (May–Grünwald–Giemsa).
Nuclei, of which there are two or even more, are
preferentially round and eccentrically localized
(Figure 21.7). Amyloid is frequently detectable
as clumps of amorphous material, and revealed
by Congo red staining [77,78]. Immunocyto-
chemistry for calcitonin and/or chromogranin
should be performed if a diagnostic uncertainty
is present [79,80]. Although the cytological
pattern of medullary thyroid carcinoma is gen-
erally typical, there are several series that show
a high percentage of failure in making a presur-
gical diagnosis [81,36–38]. Among other expla-
nations, negative results might be due to the fact
that medullary thyroid carcinoma could be
present in one nodule not submitted to FNAC,
especially when multinodular goiter is the clin-
ical diagnosis. In this condition, serum calci-
tonin measurement is more reliable, since it is

elevated even in the presence of microfoci of
medullary thyroid carcinoma [36,39].

Serum Basal and Stimulated
Calcitonin
Calcitonin is the most specific and sensitive
medullary thyroid tumor marker, both before
and after thyroidectomy [2,82,83]. It is a small
polypeptide hormone of 32 amino acids nor-
mally produced almost exclusively by C cells.
The gene encoding for calcitonin is located on
chromosome 11p and yields two distinct mes-
senger RNAs (mRNA) by alternative splicing:
calcitonin and calcitonin gene-related peptide
(CGRP) [84,85]. Calcitonin mRNA is found
almost exclusively in the thyroid and CGRP
mRNA in the nervous system. However, aber-
rant expression of CGRP may be observed in
medullary thyroid carcinoma [86–88].

Release and secretion of calcitonin is 
mainly regulated by extracellular calcium 
concentration [89]. Other substances, such as
pentagastrin, b-adrenergic agonists, growth
hormone-releasing hormone and other gas-
trointestinal peptides [90–92], can stimulate cal-
citonin release from C cells.

The physiological role of calcitonin is still not
well defined. It binds specifically to the osteo-
clasts and inhibits bone resorption in this site
[93]. Experimental data obtained from mice

A B

Figure 21.7 Cytological appearance of MTC. A Cells with abundant cytoplasm are visible; arrow indicates one cell with two nuclei,
eccentrically localized (Papanicolaou staining, ¥500). B Positive cytoplasmic staining for calcitonin confirms the suspicion of
medullary carcinoma (immunocytochemistry for calcitonin,¥630). (Kindly provided by Dr G. Di Coscio, Department of Pathology, Uni-
versity of Pisa, Italy.)
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homozygous null for the calcitonin gene have
demonstrated a significant increase in bone for-
mation at 1 and 3 months of age [94]. However,
in normal adult human subjects even quite large
doses of calcitonin have little effect on serum
calcium levels. It is only in subjects with an
increased bone turnover that calcitonin treat-
ment acutely inhibits bone resorption and
lowers the serum calcium [95]. Recently, evi-
dence has been reported suggesting that the
actions of calcitonin may not be limited to bone.
Calcitonin receptors have also been identified in
the central nervous system, testes, skeletal
muscle, lymphocytes, and the placenta [96].

Ten years after the recognition of medullary
thyroid carcinoma as a distinct histological type
of thyroid carcinoma [1], high levels of calci-
tonin were demonstrated to be present both in
the tumoral tissue and serum of patients with
medullary thyroid carcinoma [2]. Elevated basal
levels of serum calcitonin are diagnostic of
medullary thyroid carcinoma. However, there
are several other conditions, both physiological
and pathological, in which basal levels of serum
calcitonin may be found to be elevated and a dif-
ferential diagnosis may be indicated [45,97–
101]. Since the release of calcitonin in these 
diseases does not appear to be regulated by the
same factors that stimulate calcitonin release in
the C cells, differential diagnosis can be per-
formed by either the calcium (2 mg/kg) or 
pentagastrin (0.5 mg/kg intravenously) rapid
stimulation test [102]. While in patients with
medullary thyroid carcinoma and elevated basal
levels of calcitonin, the pentagastrin stimulation
determines a 5–10-fold increase in serum levels
of calcitonin, in other diseases the calcitonin
increase is limited or absent. In patients with an
endocrine tumor of another origin, an increase
may be observed but is not usually greater than
twofold [43,102].

Routine measurement of serum calcitonin in
nodular thyroid diseases allows the preopera-
tive diagnosis of unsuspected sporadic medul-
lary thyroid carcinoma [36–42]. Calcitonin
screening determines the early diagnosis of
medullary thyroid carcinoma, usually when the
tumor is still at stage I, thus favoring success-
ful surgical treatment. A comparison of the
outcome of two groups of patients, one diag-
nosed by serum calcitonin screening and the
other by cytology or histology, has demon-

strated a significantly better prognosis in the
first group [50] (Figure 21.8).

It is worth noting that calcitonin precursors
(pre- and pro-calcitonin) and post-translational
deriving peptides (katacalcin and N-terminal
peptide) are also present in the blood and may
interfere in the measurement of serum calci-
tonin. Artifactual recognition of larger calci-
tonin precursors is commonly observed with
one-site radioimmunoassay. This problem
seems to be overcome by the most recent gen-
eration of calcitonin two-site immunoradiomet-
ric assays (IRMA) that are able to specifically
recognize the mature molecule of calcitonin
[103]. Artifacts may be also determined by the
presence of heterophilic antibodies in the blood
of patients, which can interfere with the assay,
thus producing false-positive results [47]. The
absence of a significant increase in the serum
calcitonin levels after pentagastrin or calcium
stimulation test strongly suggests the artifactual
nature of these false-positive values.

As an additional tool for the diagnosis of
medullary thyroid carcinoma, calcitonin meas-
urement in the washout of the needle used for
the puncture of a suspected thyroid nodule may
be useful. This approach is of particular diag-
nostic utility to ascertain the nature of neck
lymph nodes, especially before thyroidectomy,
to plan the surgical approach or the most appro-
priate therapeutic strategies.
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Figure 21.8 Significant difference in survival rate between
patients with MTC diagnosed by serum calcitonin screening
(dashed line) and those with MTC diagnosed at surgery and/or
by preoperative cytology (solid line). (Modified from Elisei at al.
[50].)
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Other Secretory Products
Although calcitonin is the most reliable tumor
marker due to its high sensitivity and specificity,
there are some other proteins that may be
released by the malignant transformed C cell.

Serum CEA is usually elevated when the
disease is diffuse and distant metastases are
present [68,69]. Unlike calcitonin, CEA does not
show any response to the pentagastrin stimulus.
It is most useful in monitoring the progression
of the disease since its level increases when the
disease becomes rapidly progressive.

Serum chromogranin may also be elevated in
patients with medullary thyroid carcinoma. It is
not specific since elevated values have been
reported in patients with neither clinical nor
biochemical evidence of a primary medullary
thyroid carcinoma [104].

As in many other neuroendocrine tumors,
somatostatin, gastrin-releasing peptide, vasoac-
tive intestinal peptide, neuron-specific enolase,
and other neuroendocrine substances may be
produced abnormally but none of these pep-
tides are useful for diagnosis [105–107].

Some of the products of medullary thyroid
carcinoma may result in significant clinical
manifestations: not just CGRP, but also vasoac-
tive intestinal peptide, serotonin and prostag-

landins, may all contribute to the flushing and
diarrhea syndrome [108,109].

Histology
Normal C Cells

The parafollicular C cells represent about 1% of
all thyroid cells and are located at the basal layer
of the follicle (Figure 21.9). At variance with
thyroid follicular cells, which derive from endo-
derm, C cells originate from the neural crest and
migrate to the final location along with the ulti-
mobranchial body, during embryonic develop-
ment [110,111]. Although C cells have several
features that differentiate them from follicular
epithelium, there is evidence to suggest the pos-
sible origin of the follicular and parafollicular 
C cells from a common ancestral cell. Critical
neurotrophic growth factors, including glial-
derived neurotrophic factor (GDNF), which is a
natural ligand of RET receptor, as well as nerve
growth factor (NGF) and other neurotrophins,
seem to play a central role in promoting the dif-
ferentiation of cells deriving from the neural
crest [112].

There are specific features that make the C
cell a separate entity from a follicular cell: (a)
the peculiar distribution in the thyroid gland,

colloid

Blood vessel

Parafollicular
C cells

Follicular
cells

A B

Figure 21.9 Schematic representation (A) and immunohistochemistry for calcitonin showing normal parafollicular C cells in normal
thyroid tissue (B,¥100): the parafollicular C cells are located at the basal layer of the follicle.
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which is prevalent at the junction of the upper
third and the lower two thirds and along the
central vertical axis of each thyroid lobe; (b) 
the growth and functional independence from
TSH, as well as the inability to take up iodine;
and (c) the production and secretion of calci-
tonin, a biogenic amine, which is almost exclu-
sively produced by both normal and malignant
C cells.

C-Cell Hyperplasia

The definition of C-cell hyperplasia has
changed over the years, especially after the
introduction of RET genetic screening and the
histological examination of apparently normal
thyroid glands of mutated gene carriers that
usually show an increased number of C cells.
Studies of both human normal thyroid and 
thyroids affected by lymphocytic thyroiditis
have demonstrated that one can see up to 50 C
cells per 1 and 3 low power fields respectively,
without correlation with any pathological status
[98,113]. According to these findings, this is at
present the most widely accepted definition of

C-cell hyperplasia, even though this criterion
may be not respected in the presence of cyto-
logically evident atypia [114].

According to the number and the distribution
of C cells either a diffuse, focal, or nodular C-cell
hyperplasia can be distinguished (Figure 21.10).
It is likely that they represent progressive stages
through which the normal C cell is transformed
into a tumoral cell. While there is general agree-
ment in considering C-cell hyperplasia the 
preneoplastic lesion of the hereditary form of
medullary thyroid carcinoma, little is known
about the relationship between C-cell hyperpla-
sia and the sporadic form. Nevertheless, about
30% of sporadic medullary thyroid carcinoma is
associated with C-cell hyperplasia [115].

Several authors would like to distinguish two
types of C-cell hyperplasia: primary or neoplas-
tic C-cell hyperplasia, which is related to the
hereditary form of medullary thyroid carci-
noma, and secondary or non-neoplastic C-
cell hyperplasia, which may be observed in 
other thyroid diseases (thyroiditis and follicular
or papillary microcarcinoma) and in about 
20% of normal subjects [116,117]. However, the

A B C

D E F

Figure 21.10 Different stages in the development of hereditary MTC.A Normal parafollicular C cells; B slight C-cell hyperplasia (CCH);
C diffuse CCH; D focal CCH; E nodular CCH; F MTC. Immunohistochemistry for calcitonin (Ventana Medical System antibody, 1 : 100;
¥100). (Kindly provided by Professor F. Basolo, Department of Pathology, University of Pisa, Italy.)
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pathological definition and clinical significance
of secondary C-cell hyperplasia remains unclear.

Medullary Thyroid Carcinoma

Under macroscopic examination, medullary
thyroid carcinoma shows a hard and firm con-
sistency and is either chalky white or red in
color on cross-section. Histologically, medullary
thyroid carcinoma is pleomorphic with spindle-
shaped or rounded cells characteristically
organized in a nested pattern. Mitoses are not
very frequent, nuclei are usually uniform, and
the eosinophilic cytoplasm is characterized by
the presence of secretory granules. Deposits of
amyloid substance are frequently (60–80%)
observed between tumoral cells [118].

Sometimes there is difficulty distinguishing
medullary thyroid carcinoma from anaplastic
carcinoma, Hürthle cell carcinoma or insular
carcinoma, especially if pseudopapillary ele-
ments or giants cells are present. Positive
immunohistochemistry for calcitonin is diag-
nostic of medullary thyroid carcinoma. Immu-
nohistochemistry for chromogranin A and 
carcinoembryonic antigen may also be useful
[115] (Figure 21.11).

Histopathological description of medullary
thyroid carcinoma must include the number
and the distribution of tumoral foci as well as
the simultaneous presence of C-cell hyperplasia.
This information is of practical usefulness
because bilaterality, multicentricity, and C-cell
hyperplasia are considered the histological hall-
marks of the hereditary forms [22].

A mixed form of medullary thyroid carci-
noma is also described [119]. It is characterized
by the simultaneous presence of parafolli-
cular and follicular cell features, with positive
immunohistochemistry for both calcitonin and
thyroglobulin. In this regard, it is worth noting
that the association of medullary and papillary
thyroid carcinoma in the same thyroid gland
seems to be quite frequent [120,121]. Molecular
studies have shown that genes theoretically
specific for the parafollicular C cells (i.e. normal
RET gene) are expressed in papillary thyroid
carcinoma and that genes theoretically specific
for follicular cells (e.g. thyroglobulin, TSH
receptor, thyroid transcription factor 1) are
expressed in medullary thyroid carcinoma
[122–124]. Despite all these observations, it is
still controversial whether the mixed medullary
thyroid carcinoma is a real separate histological
entity, originating from an ancestral stem 
cell able to differentiate as both follicular 
and parafollicular cell, or the consequence of
the collision of two distinct tumors, medullary
and papillary, originating in the same thyroid
gland.

RET Genetic Analysis
RET mutation analysis represents one of the
most useful genetic screening tests in clinical
practice. The mutation is inherited as an auto-
somal dominant trait: since the penetrance of
RET mutations is near 100%, all gene heterozy-
gous carriers will develop medullary thyroid

A B C

MTC MTC MTC

NT NT NT

Figure 21.11 Medullary thyroid carcinoma (MTC) and normal adjacent thyroid tissue (NT). A Immunohistochemistry for calcitonin.
B Immunohistochemistry for chromogranin. C Immunohistochemistry for thyroglobulin. Both calcitonin and chromogranin, but not
thyroglobulin, are positive in MTC. A positive immunostaining for thyroglobulin is present in NT (¥100,Ventana Medical System anti-
bodies). (Kindly provided by Professor F. Basolo, Department of Pathology, University of Pisa, Italy.)
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carcinoma, which is lethal in almost 50% of
cases if not adequately treated. The genotype–
phenotype correlation has been well demon-
strated by the analysis of 477 MEN2 families
studied by the International RET Consortium:
no evidence of false-positive RET mutation was
described and all patients who underwent thy-
roidectomy on the basis of the genetic screen-
ing were found to have medullary thyroid
cancer [27]. Recently, a new mutation at codon
883 in exon 15 has been reported to result in the
development of medullary thyroid carcinoma
only in the homozygous condition [125].

Screening for RET gene mutations allows the
early discovery of gene carriers, who can be
treated with precocious and even prophylactic
thyroidectomy, which may provide a definitive
cure of this potentially lethal thyroid disease
[126].

RET Gene

The RET proto-oncogene is a 21 exon gene that
lies on chromosome 10q11-2 and encodes for a
tyrosine kinase transmembrane receptor. The
receptor is composed of an extracellular domain
(EC), with a distal cadherin-like region and a
juxta-membrane cystine-rich region, a trans-
membrane domain and an intracellular domain
with tryosine kinase activity (TK) (Figure
21.12). RET is expressed in a variety of neuronal
cell lineages including thyroid C cells and
adrenal medulla. Recently data indicate that

RET gene expression may also occur in follicu-
lar thyroid cells [122]. In physiological condi-
tions, the activation of RET protein is secondary
to its dimerization due to the interaction with
one of its ligands. Four different ligands have so
far been recognized: GDNF, neurturin (NTN),
persepin (PNS), and artemin (ART). The inter-
action is mediated by a ligand specific co-
receptor (e.g. the GFRa-1 is the co-receptor for
the GDNF). The dimerization of RET protein
induces autophosphorylation of the TK domain
and the activation of downstream signaling
pathways [127].

In 1987 genetic linkage analysis localized
MEN2 to the centromeric region of chromo-
some 10 [128,129]. In 1993 two independent
groups reported that activating germline point
mutations of the RET proto-oncogene are
causative events in MEN2A and in FMTC [8,9]
(Figure 21.13). One year later, MEN2B was also
associated with germline RET proto-oncogene
mutations [130]. Since then, a large number of
publications have addressed the relationship
between RET mutations and the clinical pheno-
type of MEN2 patients and the clinical implica-
tion of screening MEN2 family members for
RET gene mutations.

About 98% of MEN2A cases are associated
with RET mutations in the cystine-rich extra-
cellular domain, in particular in codons 609,
611, 618, 620, and 634 of exons 10 and 11. Muta-
tions at codon 634 of exon 11 (mainly TGC to
CGC) are the most common, accounting for 85%
of MEN2A cases [27–29,131]. Interestingly,
mutation of cystine 634 significantly correlates
with the presence of pheochromocytoma and
parathyroid adenomas (Table 21.3).

A specific mutation in exon 16, at codon 918
(ATG to ACG) is almost invariably associated
with MEN2B. The substitution of methionine
with threonine causes alterations in the sub-
strate recognition pocket of the catalytic probe
determining the activation of the intra-signaling
pathways. Other rare mutations of the intracel-
lular domain have been reported in codon 883 of
exon 15 [132]. A double RET mutation at codon
804 and 904 has also been described [133]. The
Met918Thr mutation is associated with a very
aggressive MTC that usually develops during
childhood, often only a few years after birth.

In FMTC, the mutations are widely distrib-
uted among the five cystine codons 609, 611,
618, 620, and 634 but also in other non-cystine
codons, such as codon 804 in exon 14, 891 in

Figure 21.12 Schematic representation of RET tyrosine kinase
receptor. The interaction with the ligand and corresponding 
co-receptor induces the dimerization and phosphorylation of
the receptor, resulting in the activation of the intracellular sig-
naling pathway.
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exon 15 and others (Figure 21.14). A different
biological behavior, characterized by a lower
aggressiveness and an older mean age at diag-
nosis, has been described for FMTC associated
with mutations in non cystine codons with

respect to both MEN2A and FMTC with muta-
tions in cystine codons [28].

In about 4–10% of MEN2A or FMTC patients
and in about 95% of those with MEN2B, the
germline RET mutation is a “de novo” mutation,
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Figure 21.13 Schematic representation of RET gene with the location of all known mutated codons in the three main regions of the
gene and the relationship with the MEN syndromes.

Table 21.3 Correlation between phenotype and RET gene mutations

Most frequently
involved codonsa

609 611 618 620 634 768 804 918

MEN2A
MEN2A (1) (MTC + 6% 2% 92%

pheochromocytoma +
hyperparathyroidism)

MEN2A (2) (MTC + 3% 4% 13% 80%
pheochromocytoma)

MEN2A (3) (MTC + 8% 15% 8% 69%
hyperparathyroidism)

MEN2B 97%
FMTC 7% 3% 33% 17% 30% 3%
Sporadic FMTC 95%

a As a percentage of patients with somatic RET gene mutations.
b Somatic mutations detectable in about 40% of sporadic MTC.
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as demonstrated by the negative finding of the
RET genetic analysis in the patients’ parents. In
these cases the mutation is usually located in the
allele inherited from the patient’s father [134].

Somatic RET mutations are found in about
40% of sporadic cases of MTC mainly consist-
ing of a Met918Thr mutation in exon 16, which
is the same mutation also occurring in MEN2B
(Figure 21.15). Other RET somatic mutations
and also some small deletions have been
reported in other codons [135]. Several studies
indicate that MTC patients with somatic RET
mutations have a poorer prognosis than those
with no evidence of RET mutation [136].

Several RET gene polymorphisms have been
found both in MTC affected patients and in
normal subjects. It is still controversial whether
some of these polymorphisms have a higher
prevalence in MTC with respect to normal indi-
viduals and if they play any role in the develop-
ment of MTC [137–139].

Screening for RET Gene Mutations in MEN2
Family Members

The recognition of the role of RET mutation in
MEN2 provided a reliable method to screen
family members of an affected proband carry-
ing a germline mutation. From a practical point
of view, once the germline RET mutation of the
index case has been recognized, blood is taken
from all first degree family members. Informed
consent and adequate genetic counseling are
requested. This allows the identification of “gene
carriers” at the time they are still clinically unaf-
fected or at an early stage of the disease. It also
has the advantage of excluding “non gene carri-
ers” from further testing for the rest of their 
life. Although the presence of a germline RET
mutation is diagnostic of MEN2 syndrome,
gene carriers must be submitted to further 
clinical and biochemical evaluations to ascer-
tain the actual development of the MTC and its
extension, if already present. The involvement 
of other endocrine organs must also be 
assessed [29,140].
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Screening for RET Gene Mutations in
Apparently Sporadic Cases

All patients with MTC, independently from their
apparent sporadic origin, should be submitted
to genetic screening of the RET gene by analyz-
ing their constitutional DNA derived from
blood and, whenever possible, also from
tumoral tissue. It is well known that from 5% to
10% of apparently sporadic MTC cases are
found to harbor a germline RET mutation being
“de novo” or misdiagnosed familial cases. This
finding is of great relevance for the early dis-
covery of the other gene carriers in the family
who are unaware of their condition.

In sporadic MTC cases, RET gene analysis
should be in any case performed also in the
tumoral tissue, collected at surgery and kept at
-80°C or in the paraffin-embedded tumoral
tissue. There are at least three main reasons to
justify this procedure: (a) the discovery of a
somatic mutation, which usually occurs in 45%
of cases, strongly supports the sporadic nature
of the tumor; (b) the prognostic value of the
presence/absence of the somatic mutation; (c)
the future possibility for RET mutated patients
to be treated with drugs specifically aimed at
inhibiting the altered RET gene.

Therapy
Initial Treatment
An early diagnosis and complete surgical treat-
ment are the bases for a definitive cure of
patients affected by medullary thyroid carci-
noma (Figure 21.16). The minimal standard
procedure is total (or near-total) thyroidectomy
with central neck lymph node dissection, in
both sporadic and familial forms. The need for
total thyroidectomy is supported by the multi-
centricity and bilaterality of the medullary
thyroid carcinoma that occurs in about 100% of
the hereditary form and 30% of sporadic form
[22]. Furthermore, C-cell hyperplasia, which is
considered a preneoplastic lesion, is almost
invariably associated with the hereditary form
of medullary thyroid carcinoma and, to a lesser
extent, with the sporadic form [24]. An addi-
tional reason in favor of total thyroidectomy is
the fact that, as mentioned above, 5–7% of
apparently sporadic cases are in fact hereditary

forms, which almost invariably have bilateral
disease [20,21].

Central node dissection, from the hyoid bone
to the innominate veins, is mandatory during
the initial operation. This node compartment is
in fact the primary lymphatic drainage of the
thyroid and 50–60% of medullary thyroid carci-
nomas show node metastases in this area at the
time of presentation [51,141]. The removal of
the central compartment also has a prophylac-
tic significance and must be performed inde-
pendently of the size of the primary tumor and
the presurgical evidence of lymph node involve-
ment. This surgical approach is also suggested
in RET gene carriers without clinical evidence
of the disease, which can be completely cured by
surgical treatment. It is still controversial as to
whether the central node dissection has to be
performed in child gene carriers without clini-
cal and biochemical (undetectable levels of
basal and stimulated calcitonin) evidence of
disease [142–144].

Whenever a presurgical clinical diagnosis of
node metastases is achieved, the surgical dis-
section of the corresponding lateral node com-
partment should be included. It is still debated
whether a modified radical neck dissection with
removal of nodes in the ipsilateral or bilateral
compartment should be performed in any case.
Since unilateral or bilateral cervical nodal
metastases occur in up to 90% of patients with
medullary thyroid carcinoma, especially when
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the primary tumor is palpable [39,55], several
authors strongly suggest an “en bloc” dissection
of both central and bilateral neck compart-
ments together with the thyroid gland [145].
This is of great clinical significance because the
adequacy of the initial surgical treatment is a
prerequisite for the effective cure of the MTC,
thus the choice of the most appropriate initial
procedure is fundamental. In this regard it is
worth considering that radical neck dissection
may result in significant morbidity and has not
been clearly shown to improve the prognosis of
the disease, which in fact is dependent on
several other factors such as the local extent of
the disease at the time of diagnosis, the presence
or absence of other endocrine neoplasia, and,
the presence of cervical lymph node metastases.
Patients who are cured by the initial treatment
are usually those with a lower stage of disease,
with no involvement of lateral nodes in the
neck. Several reports indicate that when lateral
node metastases are present at diagnosis,
achievement of a definitive cure with the initial
treatment is uncommon regardless of the extent
of the surgical procedure [67,146,147].

C cells are not able to actively concentrate
radioiodine and, as consequence, 131I radioactive
ablation is not useful in medullary thyroid car-
cinoma. There are only a few anecdotal reports
indicating a beneficial effect of 131I treatment of
the postsurgical remnant presumably due to
death of C cells adjacent to follicular cells as
consequence of a bystander effect [148,149].

In patients with a locally aggressive disease
not completely removed by the primary resec-
tion, surgical treatment should be followed by
external-beam radiotherapy as adjuvant treat-
ment. Although bulky medullary thyroid carci-
noma deposits are consistently resistant to
external radiotherapy, there is evidence of a
potential benefit from radiotherapy in terms of
a lower risk (from two- to fourfold) of local
recurrence in patients with residual disease
[150,151]. This procedure should be reserved for
patients who have undergone complete central
compartment and lateral neck dissection and
postponed to a second surgical treatment in
those who have been approached with a less
aggressive primary resection. Radiation therapy
after thyroidectomy and node dissection is not
generally recommended on a prophylactic basis
but it is worth mentioning that there is some
evidence that external beam radiation in
patients with residual malignant disease after

surgery may increase the 5-year survival rate
from 60% to 95% [152].

Hormone replacement therapy with L-
thyroxine (L-T4) should be started immediately
after thyroidectomy. Unlike papillary and follic-
ular thyroid tumors, medullary carcinoma is not
dependent on TSH for both growth and func-
tion, thus there is no need to treat patients with
L-T4 suppressive therapy: the daily dose should
be tailored by measuring serum FT3, FT4, and
TSH aiming to keep their values within the
normal range. Unilateral or bilateral adrenalec-
tomy must be performed before total thyroidec-
tomy, when a pheochromocytoma has been
documented, because of the risk of a life-
threatening hypertensive crisis during the
induction of anesthesia for the neck surgical
treatment. Preoperative screening for pheochro-
mocytoma should be conducted in all patients
with a diagnosis of medullary thyroid carci-
noma since the patient may be an index case of
a familial form, presented as apparently spo-
radic. Although pheochromocytoma is usually
bilateral, a 10-year interval is the mean period
between the first and the contralateral adrenal
mass appearance. Different approaches to the
management of adrenal medullary disease are
suggested when only one adrenal gland is
involved at the time of the diagnosis. Bilateral
adrenalectomy in principle eliminates the need
for a second intervention later in the patient’s
life, but implies the risk associated with the cor-
ticosteroid deficiency. Since a laparoscopic sur-
gical approach has been introduced [153], the
preferred strategy is to remove only the affected
adrenal gland and periodically monitor the
morphology and function of the other adrenal
gland. Whatever the final decision, all patients
to be submitted to adrenalectomy should be
treated preoperatively with pharmacological a-
and b-adrenergic antagonists [154,155].

Grossly enlarged parathyroid glands should
be resected during the first operation for
patients with hereditary forms of medullary
thyroid carcinoma and documented clinical
hyperparathyroidism. An intraoperative serum
parathyroid hormone measurement is recom-
mended to ensure the precise and total removal
of the affected gland(s). This procedure is 
of practical importance especially when 
the macroscopic appearance of the removed
parathyroid is not indicative of the presence of
adenoma, suggesting the presence of multiple
adenomatosis or diffuse hyperplasia [156]. In
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some centers normal or hyperplastic parathy-
roid glands of patients with hereditary forms
are always removed, even in the presence of
normal serum parathyroid hormone levels.
They are appropriately marked, for making
their localization easier whenever it might be
necessary, and totally or partially implanted in
a muscle [157]. It is worth noting that an agg-
ressive management of normal parathyroid 
glands is associated with a higher incidence of
hypoparathyroidism. In this regard, a greater
concern is represented by young RET gene 
carriers who, if rendered hypoparathyroid,
would be exposed to the need for calcium and
vitamin D supplementation for the rest of their
lives.

Gene Carrier Treatment
Once a gene carrier has been diagnosed by
genetic analysis, the therapeutic strategy should
be defined according to the guidelines for the
diagnosis and treatment of multiple endocrine
neoplasia [29], which take into account the dif-
ferent biological behavior of the medullary
thyroid carcinoma in the three forms of multi-
ple endocrine neoplasia. In MEN2B total thy-
roidectomy should be performed as soon as
possible, even under 2 years of age if the diag-
nosis is available. In MEN2A, total thyroidec-
tomy should be performed at 10 years of age or
less if the pentagastrin stimulation test for cal-
citonin is positive. In FMTC, yearly based
follow-up should be performed with a penta-
gastrin stimulation test and thyroid surgical
treatment is indicated at the first positive test.

Parathyroid and adrenal gland morphology
and function must be assessed and an adequate
treatment should be performed if needed. If no
abnormalities of these glands are found at the
time of diagnosis, their morphology and func-
tion should be monitored annually because
both hyperparathyroidism and pheochromocy-
toma may show up later in life.

Further Treatments
When patients are not cured by the primary sur-
gical treatment, other therapeutic procedures
are indicated according to the localization and
the number of lesions. In planning a therapeu-
tic strategy it should be taken into account that
most distant metastases found during follow-up

are small at the time of their recognition and
that their growth is usually very slow. These
lesions are compatible with a long period of
good quality of life. In these cases, an aggressive
therapeutic approach may not be indicated,
unless an evident rapidly progressive disease is
demonstrated.

Local Recurrence and Regional Lymph 
Node Metastases

In the first years following surgical treatment
the regional lymph nodes of the neck and medi-
astinum are most frequently responsible for
persistent disease. A second surgical treatment
with a curative intent is recommended only for
minimal residual disease. To this purpose an
extensive modified neck dissection involving
microdissection of all node-bearing compart-
ments from the clavicle to the skull is recom-
mended [158]. Unfortunately, less than 30% of
patients affected by MTC with extrathyroidal
invasion can be cured by a second surgical treat-
ment [159,160]. Capsular invasion and more
than 10 lymph node metastases [145] in the
primary surgical specimens are significant pre-
dictors of poor response to reoperation. In the
clinical management of patients with MTC the
identification of those who might benefit from
this treatment is of great practical importance
to avoid false expectation.

If a reasonable prospect of a definitive cure is
not foreseen, a second surgical treatment should
only be performed for symptomatic lesions or
when their growth may cause significant mor-
bidity as may happen for lymph nodes of the
mediastinum adjacent to the great vessels, tra-
cheoesophageal groove, carotid sheath, and
brachial plexus. A second operation with pallia-
tive intent may be strongly indicated in patients
with compressive symptoms who can benefit
from a surgical debulking. Local external radio-
therapy may be indicated in these advanced 
situations.

Distant Metastases

Surgical treatment of distant metastases is not
indicated, except for those lesions whose growth
may compromise some vital functions. Surgical
debulking of vertebral metastases that could
impair spinal cord function is an example of a
non-curative but appropriate procedure.



272 Practical Management of Thyroid Cancer

Chemotherapy for advanced, metastatic
medullary thyroid carcinoma has shown limited
response rates in several small-scale trials pub-
lished to date [161]. Thus, chemotherapy should
only be used in patients with a diffuse and well-
documented progressive disease. In these cases
the reduction in the growth rate and the stabi-
lization of the disease represent a satisfactory
result. A high dose of doxorubicin (75 mg/m2

every 3–4 weeks) is the most effective
chemotherapeutic agent with a response rate of
15–20% in terms of stabilization of the disease.
The same response rate is obtained when dox-
orubicin is used alone or in combination with
other drugs such as 5-fluorouracil, dacarba-
zine, streptozocin, cyclophosphamide, and vin-
cristine [162,163]. Since major toxic effects are
frequently observed and the response is only
partial and short-lived, chemotherapy should
not be used in patients with stable or slowly
progressive disease.

Medullary thyroid carcinoma is a neuroen-
docrine tumor and 30–50% of cases express
somatostatin receptors as ascertained by 
Octreoscan [70]. Over the years, different types
of octreotide, from the native to the long-acting
analogues, have been explored as potential ther-
apeutic agents. In the majority of cases, a
significant reduction in serum calcitonin has
been demonstrated [164]. Unfortunately, no evi-
dence of a parallel reduction in the number
and/or the size of tumor lesions has been
shown. Inconstant and transient effects in
reducing symptoms such as flushing and diar-
rhea are not sufficient to recommend the
administration of somatostatin analogues in
metastatic medullary thyroid cancer patients.
No improvement in the therapeutic effect has
been observed when the somatostatin ana-
logues have been combined with a-interferon
[164]. Recently, specific somatostatin receptors
have been identified both in cell lines deriving
from human medullary thyroid carcinoma 
and in tissue surgical specimens of medullary
thyroid carcinoma [165–167]. The possibility of
using analogues that specifically recognize these
receptors is currently under evaluation.

Treatment with several radioactive elements
has been widely explored. There is no clinical
evidence to encourage treatment with 131I, which
has been demonstrated to be ineffective in large
series of patients with metastatic medullary
thyroid carcinoma [148,149]. A more promising

use of radioactive iodine has been shown when
iodine is linked to metaiodobenzylguanidine
[168,169]. However, only a small proportion of
patients (30%) have a positive result and 
the treatment is relatively ineffective. Other
radioimmunotherapeutic agents have been
explored and, in particular, the bi-specific anti-
bodies directed against the carcinoembryonic
antigen (CEA), which is expressed on the surface
of the majority of metastatic medullary thyroid
cells, but unfortunately no significant benefits
have been found in treated patients [170]. Pre-
liminary data have been reported on the use of
somatostatin analogues labeled with yttrium-90
or other radionuclides, in patients with meta-
static medullary thyroid carcinoma showing
octreotide uptake at Octreoscan [169,171].
Further studies are needed to establish the ther-
apeutic effectiveness of this procedure.

As reported above, external beam radiother-
apy is indicated in medullary thyroid carcinoma
when local aggressive unresectable disease 
is present. Although the radiosensitivity of
medullary thyroid carcinoma is moderate and
no survival benefit has been so far demon-
strated, available data suggest that improved
local control of the disease with a longer inter-
val between treatment and the recurrence of
regional or local disease may be obtained by
external postsurgical radiotherapy compared
with those not treated [151,152]. When bone
metastases are present, external beam radiation
is indicated to prevent pathological fractures
and for palliation of symptoms. Brain metas-
tases also may be treated with external radio-
therapy and a rapid and reliable response may
be obtained. Other therapeutic strategies are
indicated for lung and liver metastases. Radia-
tion therapy of lung metastases carries risk of
radiation fibrosis and respiratory dysfunction.
Chemotherapy is better indicated if progres-
sion of pulmonary disease is observed. Liver 
metastases may be amenable to surgical resec-
tion, especially if preceded by transarterial
chemoembolization. This procedure has been
demonstrated to be of particular benefit when
liver metastases are smaller than 3 cm and the
liver involvement is less than 30% [172].

Discomfortable Syndrome

Particular care should be taken to reduce severe
symptoms such as diarrhea, flushes, and 
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pain. Diarrhea is of particular discomfort for
patients, deeply disturbing their quality of life
and resulting in severe loss of weight. Sympto-
matic therapy should be performed using lop-
eramide. Histamine receptor inhibitors may be
employed to control the flushing syndrome.
Analgesic drugs, as appropriate, should be used
to give some pain relief to patients with very
advanced metastatic disease.

Future Therapeutic Strategies
At present, the treatment of advanced and
metastatic medullary thyroid carcinoma is
unsatisfactory. Novel alternative therapeutic
approaches are under investigation and several
experimental studies are already ongoing [173].
Tissue-specific cancer gene therapy has been
evaluated for several years. Adenovirus-
mediated tumor-specific combined gene therapy
using the herpes simplex virus thymidine/
ganciclovir system and murine interleukin-
12 seems very promising. An effective growth
suppression of tumor has been observed in rat
models affected by medullary thyroid carci-
noma and treated with this system [174].
Other interesting approaches are based on
immunotherapy, for example stimulation of
immune response and vaccination with tumor
lysate [175,176].

Inhibitors of tyrosine kinase receptors are
currently under investigation for their potential
role as therapeutic agents in human cancers
related to a structural alteration of these re-
ceptors [177]. As a general mechanism, they
compete with adenosine triphosphate, thus
hampering autophosphorylation and signal
transduction downstream from the targeted
kinase receptor. At present, two drugs have been
shown to produce beneficial effects: STI571
(imatinib or Gleevec), which has been docu-
mented to inhibit BCR-ABL in chronic myeloid
leukemia and c-KIT and PDGFR in gastroin-
testinal stromal tumors, and ZD1839 (gefitinib
or Iressa), which has been documented to
inhibit EGFR in non-small cell lung carcinoma
[178,179]. A further very promising agent is
ZD6474, which has been demonstrated to have
an inhibiting activity on the growth of cell lines
harboring RET gene activating alterations and
on the formation of tumors after injection of
these cells into nude mice [180–182]. ZD6474
also exerts an inhibiting effect on the vascular

endothelial growth factor receptor (VEGFR),
resulting in antiangiogenic activity. At present,
a phase I trial has been completed with no
significant adverse events. Clinical trials of
phase II and III are required to establish the
therapeutic potential of this and other com-
pounds in RET-positive cancer patients.

References
1. Hazard JB, Hawk WA, Crile G Jr. Medullary (solid) car-

cinoma of the thyroid; a clinicopathologic entity. J Clin
Endocrinol Metab 1959; 19:152–161.

2. Melvin KE, Tashjian AH Jr. The syndrome of excessive
thyrocalcitonin produced by medullary carcinoma of
the thyroid. Proc Natl Acad Sci USA 1968; 59:1216–
1222.

3. Bergholm U, Adami HO, Telenius-Berg M, Johansson
H, Wilander E. Incidence of sporadic and familial
medullary thyroid carcinoma in Sweden 1959 through
1981.A nationwide study in 126 patients. Swedish MCT
Study Group. Acta Oncol 1990; 29:9–15.

4. Christensen SB, Ljungberg O, Tibblin S. A clinical epi-
demiologic study of thyroid carcinoma in Malmo,
Sweden. Curr Probl Cancer 1984; 8:1–49.

5. Bondeson L, Ljungberg O. Occult thyroid carcinoma at
autopsy in Malmo, Sweden. Cancer 1981; 47:319–323.

6. Bhattacharyya N. A population-based analysis of sur-
vival factors in differentiated and medullary thyroid
carcinoma. Otolaryngol Head Neck Surg 2003; 128:
115–123.

7. Negri E, Ron E, Franceschi S, et al. Risk factors for
medullary thyroid carcinoma: a pooled analysis.
Cancer Causes Control 2002; 13:365–372.

8. Mulligan LM, Kwok JBJ, Healey CS, et al. Germline
mutations of the RET proto-oncogene in multiple
endocrine neoplasia type 2A (MEN 2A). Nature 1993;
363:458–460.

9. Donis-Keller H, Shenshen D, Chi D, et al. Mutations in
the RET proto-oncogene are associated with MEN 2A
and FMTC. Hum Mol Genet 1993; 2:851–856.

10. Mulligan MN, Marsh DJ, Robinson BG, et al. Genotype-
phenotype correlation in multiple endocrine neoplasia
type 2: report of the international RET mutation con-
sortium. J Intern Med 1995; 238:343–346.

11. Machens A, Niccoli-Sire P, Hoegel J, et al.; European
Multiple Endocrine Neoplasia (EUROMEN) Study
Group. Early malignant progression of hereditary
medullary thyroid cancer. N Engl J Med 2003; 349:
1517–1525.

12. Niccoli-Sire P, Murat A, Baudin E, et al. Early or pro-
phylactic thyroidectomy in MEN 2/FMTC gene carri-
ers: results in 71 thyroidectomized patients. The
French Calcitonin Tumours Study Group (GETC). Eur
J Endocrinol 1999; 141:468–474.

13. Sanso GE, Domene HM, Garcia R, et al. 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. 2002; 94:323–
330.



274 Practical Management of Thyroid Cancer

14. Christensen SB, Ljungberg O. Mortality from thyroid
carcinoma in Malmo, Sweden 1960–1977.A clinical and
pathologic study of 38 fatal cases. Cancer 1984; 54:
1629–1634.

15. Gharib H, McConahey WM, Tiegs RD, et al. Medullary
thyroid carcinoma: clinicopathologic features and
long-term follow-up of 65 patients treated during 1946
through 1970. Mayo Clin Proc 1992; 67:934–940.

16. Kebebew E, Ituarte PH, Siperstein AE, Duh QY, Clark
OH. Medullary thyroid carcinoma: clinical characteris-
tics, treatment, prognostic factors, and a comparison of
staging systems. Cancer 2000; 88:1139–1148.

17. Keiser HR, Beaven MA, Doppman J, et al. Sipple’s syn-
drome: medullary thyroid carcinoma, pheochromocy-
toma, and hyperparathyroidism. Ann Intern Med 1973;
78:561–579.

18. Cunliffe WJ, Hudgson P, Fulthorpe JJ, et al.A calcitonin-
secreting medullary thyroid carcinoma associated with
mucosal neuromas, marfanoid features, myopathy and
pigmentation. Am J Med 1970; 48:120–126.

19. Farndon JR, Leight GS, Dilley WG, et al. Familial
medullary thyroid carcinoma without associated
endocrinopathies: a distinct clinical entity. Br J Surg
1986; 73:278–281.

20. Eng C, Mulligan LM, Smith DP, et al. Low frequency of
germline mutations in the RET proto-oncogene in
patients with apparently sporadic medullary thyroid
carcinoma. Clin Endocrinol (Oxf). 1995; 43:123–127.

21. Wiench M, Wygoda Z, Gubala E, et al. Estimation of
risk of inherited medullary thyroid carcinoma in
apparent sporadic patients. J Clin Oncol 2001; 19:1374–
1380.

22. Block MA, Jackson CE, Greenawald KA, et al. Clinical
characteristics distinguishing hereditary from spo-
radic medullary thyroid carcinoma. Arch Surg 1980;
115:142–148.

23. Baylin SB, Gann DS, Hsu SH. Clonal origin of inherited
medullary thyroid carcinoma and pheochromocy-
toma. Science 1976; 193:321–323.

24. Wolfe HJ, DeLellis RA. Familial medullary thyroid 
carcinoma and C-cell hyperplasia. Baillières Clin
Endocrinol Metab 1981; 10:351–365.

25. Cirafici AM, Salvatore G, De Vita G, et al. Only the sub-
stitution of methionine 918 with a threonine and not
with other residues activates RET transforming poten-
tial. Endocrinology 1997; 138:1450–1455.

26. Carlomagno F, Salvatore G, Cirafici AM, et al. The dif-
ferent RET-activating capability of mutations of cys-
teine 620 or cysteine 634 correlates with the multiple
endocrine neoplasia type 2 disease phenotype. Cancer
Res 1997; 57:391–395.

27. Eng C, Clayton D, Schuffenecker I, et al. The relation-
ship between specific RET proto-oncogene mutations
and disease phenotype in multiple endocrine neopla-
sia type 2. International RET mutation consortium
analysis. JAMA 1996; 276:1575–1579.

28. Niccoli-Sire P, Murat A, Rohmer V, et al.; French Calci-
tonin Tumors Group (GETC). Familial medullary
thyroid carcinoma with noncysteine ret mutations:
phenotype-genotype relationship in a large series of
patients. J Clin Endocrinol Metab 2001; 86:3746–53.

29. Brandi ML, Gagel RF, Angeli A, et al. Guidelines for
diagnosis and therapy of MEN type 1 and type 2. J Clin
Endocrinol Metab 2001; 86:5658–5671.

30. Carney JA, Roth SI, Heath H III, Sizemore GW, Hayles
AB. The parathyroid glands in multiple endocrine neo-
plasia type 2b. Am J Pathol 1980; 99:387–398.

31. Williams ED, Pollok DJ. Multiple mucosal neuromata
with endocrine tumours: a syndrome allied to Von
Recklinghausen’s disease. J Pathol Bacteriol 1966; 91:
71–80.

32. Carney JA, Sizemore GW, Hayles AV. C-cell disease of
the thyroid gland in multiple endocrine neoplasia type
2b. Cancer 1979; 44:2173–2183.

33. Rashid M, Khairi MR, Dexter RN, Burzynski NJ, John-
ston CC Jr. Mucosal neuroma, pheochromocytoma and
medullary thyroid carcinoma: multiple endocrine neo-
plasia type 3. Medicine (Baltimore) 1975; 54:89–112.

34. Gagel RF, Levy ML, Donovan DT, Alford BR, Wheeler T,
Tschen JA. The association of multiple endocrine neo-
plasia, type 2a and cutaneous lichen amyloidosis. Ann
Intern Med 1990; 112:551–552.

35. Ceccherini I, Romei C, Barone V, et al. Identification of
the Cys634ÆTyr mutation of the RET proto-oncogene
in a pedigree with multiple endocrine neoplasia type
2A and localized cutaneous lichen amyloidosis.
J Endocrinol Invest 1994; 17:201–204.

36. Pacini F, Fontanelli M, Fugazzola L, et al. Routine meas-
urement of serum calcitonin in nodular thyroid dis-
eases allows the preoperative diagnosis of unsuspected
sporadic medullary thyroid carcinoma. Clin Endo-
crinol Metab 1994; 78:826–829.

37. Rieu M, Lame MC, Richard A, et al. Prevalence of spo-
radic medullary thyroid carcinoma: the importance of
routine measurement of serum calcitonin in the diag-
nostic evaluation of thyroid nodules. Clin Endocrinol
(Oxf) 1995; 42:453–460.

38. Niccoli P, Wion-Barbot N, Caron P, et al. Interest of
routine measurement of serum calcitonin: study in a
large series of thyroidectomized patients. The French
Medullary Study Group. J Clin Endocrinol Metab 1997;
82:338–341.

39. Vierhapper H, Raber W, Bieglmayer C, Kaserer K,
Weinhausl A, Niederle B. Routine measurement of
plasma calcitonin in nodular thyroid diseases. J Clin
Endocrinol Metab 1997; 82:1589–1593.

40. Kaserer K, Scheuba C, Neuhold N, et al. C-cell hyper-
plasia and medullary thyroid carcinoma in patients
routinely screened for serum calcitonin. Am J Surg
Pathol 1998; 22:722–728.

41. Ozgen AG, Hamulu F, Bayraktar F, et al. Evaluation of
routine basal serum calcitonin measurement for early
diagnosis of medullary thyroid carcinoma in seven
hundred seventy-three patients with nodular goiter.
Thyroid 1999; 9:579–582.

42. Hahm JR, Lee MS, Min YK, et al. Routine measurement
of serum calcitonin is useful for early detection of
medullary thyroid carcinoma in patients with nodular
thyroid diseases. Thyroid 2001; 11:73–80.

43. Karanikas G, Moameni A, Poetzi C, et al. Frequency and
relevance of elevated calcitonin levels in patients with
neoplastic and nonneoplastic thyroid disease and in
healthy subjects. J Clin Endocrinol Metab 2004; 89:515–
519.

44. Barbot N, Calmettes C, Schuffenecker I, et al. Penta-
gastrin stimulation test and early diagnosis of
medullary thyroid carcinoma using an immunoradio-
metric assay of calcitonin: comparison with genetic



Medullary Thyroid Cancer: Diagnosis and Management 275

screening in hereditary medullary thyroid carcinoma.
J Clin Endocrinol Metab 1994; 78:114–120.

45. Samaan NA, Castillo S, Schultz PN, Khalil KG, Johnston
DA. Serum calcitonin after pentagastrin stimulation in
patients with bronchogenic and breast cancer com-
pared to that in patients with medullary thyroid carci-
noma. J Clin Endocrinol Metab 1980; 51:237–241.

46. Ichimura T, Kondo S, Okushiba S, Morikawa T, Katoh
H. A calcitonin and vasoactive intestinal peptide-
producing pancreatic endocrine tumor associated with
the WDHA syndrome. Int J Gastrointest Cancer 2003;
33:99–102.

47. Tommasi M, Brocchi A, Cappellini A, Raspanti S,
Mannelli M. False serum calcitonin high levels using a
non-competitive two-site IRMA. Endocrinol Invest
2001; 24:356–360.

48. Hodak SP, Barman KD. The calcitonin conundrum – is
it time for routine measurement of serum calcitonin in
patients with thyroid nodules? J Clin Endocrinol Metab
2004; 89:511–514.

49. Deftos LJ. Should serum calcitonin be routinely meas-
ured in patients with thyroid nodules – will the law
answer before endocrinologists do? J Clin Endocrinol
Metab 2004; 89:4768–4769.

50. Elisei R, Bottici V, Luchetti F, et al. Impact of routine
measurement of serum calcitonin on the diagnosis and
outcome of medullary thyroid cancer: experience in
10,864 patients with nodular thyroid disorders. J Clin
Endocrinol Metab 2004; 89:163–168.

51. Ukkat J, Gimm O, Brauckhoff M, Bilkenroth U, Dralle
H. Single center experience in primary surgery for
medullary thyroid carcinoma. World J Surg 2004; 28:
1271–1274.

52. DeLellis RA, Rule AH, Spiler I, et al. Calcitonin and car-
cinoembryonic antigen as tumor markers in medullary
thyroid carcinoma. Am J Clin Pathol 1978; 70:587–
594.

53. Kodama T. Identification of carcinoembryonic antigen
in the C-cell of the normal thyroid. Cancer 1980; 45:98.

54. Jackson CE, Norum RA, Talpos GB, Feldkamp CS,
Tashjian AH Jr. Clinical value of calcitonin and carci-
noembryonic antigen doubling times in medullary
thyroid carcinoma. Henry Ford Hosp Med J 1987; 35:
120–121.

55. Jadoul M, Leo JR, Berends HH, et al. Pheochromocy-
toma-induced hypertensive encephalopathy revealing
MEN IIa syndrome in a 13-year-old boy. Horm Metab
Res 1989; 21(Suppl):46–49.

56. Lips KJ, Van der Sluys Veer J, Struyvenberg A, et al.
Bilateral occurrence of pheochromocytoma in patients
with the multiple endocrine neoplasia syndrome 
type 2A (Sipple’s syndrome). Am J Med 1981; 70:1051–
1060.

57. Hamilton BP, Landsberg L, Levine RJ. Measurement of
urinary epinephrine in screening for pheochromocy-
toma in multiple endocrine neoplasia type II. Am J
Med 1978; 65:1027–1032.

58. Miyauchi A, Masuo K, Ogihara T, et al. Urinary epi-
nephrine and norepinephrine excretion in patients
with medullary thyroid carcinoma and their relatives.
Nippon Naibunpi Gakkai Zasshi 1982; 58:1505–1516.

59. Lenders JW, Keiser HR, Goldstein DS, et al. Plasma
metanephrines in the diagnosis of pheochromocy-
toma. Ann Intern Med 1995; 123:101–109.

60. Weise M, Merke DP, Pacak K, Walther MM, Eisenhofer
G. Utility of plasma free metanephrines for detect-
ing childhood pheochromocytoma. J Clin Endocrinol
Metab 2002; 87:1955–1960.

61. DeLellis RA, Wolfe HJ, Gagel RF, et al. Adrenal
medullary hyperplasia. A morphometric analysis in
patients with familial medullary thyroid carcinoma.
Am J Pathol 1976; 83:177–196.

62. Carney JA, Sizemore GW, Tyce GM. Bilateral adrenal
medullary hyperplasia in multiple endocrine neopla-
sia, type 2: the precursor of bilateral pheochromocy-
toma. Mayo Clin Proc 1975; 50:3–10.

63. Sisson JC, Shapiro B, Beierwaltes WH. Scintigraphy
with I-131 MIBG as an aid to the treatment of
pheochromocytoma in patients with the multiple
endocrine neoplasia type 2 syndromes. Henry Ford
Hosp Med J 1984; 32:254–261.

64. Silverberg SJ, Shane E, Jacobs TP, Siris E, Bilezikian JP.
A 10-year prospective study of primary hyperparathy-
roidism with or without parathyroid surgery. N Engl J
Med 1999; 341:1249–1255.

65. Heath H III, Sizemore GW, Carney JA. Preopera-
tive diagnosis of occult parathyroid hyperplasia by
calcium infusion in patients with multiple endocrine
neoplasia type 2a. J Clin Endocrinol Metab 1976; 43:
428–435.

66. Fugazzola L, Pinchera A, Luchetti F, et al. Disappear-
ance rate of serum calcitonin after total thyroidectomy
for medullary thyroid carcinoma. Int J Biol Markers
1994; 9:21–24.

67. Franc S, Niccoli-Sire P, Cohen R, et al.; French
Medullary Study Group (GETC). Complete surgical
lymph node resection does not prevent authentic
recurrences of medullary thyroid carcinoma. Clin
Endocrinol (Oxf). 2001; 55:403–409.

68. Busnardo B,Girelli ME,Simioni N,Nacamulli D,Busetto
E. Nonparallel patterns of calcitonin and carcino-
embryonic antigen levels in the follow-up of medullary
thyroid carcinoma. Cancer 1984; 53:278–285.

69. Rougier P, Calmettes C, Laplanche A, et al. The values
of calcitonin and carcinoembryonic antigen in the
treatment and management of nonfamilial medullary
thyroid carcinoma. Cancer 1983; 51:855–862.

70. Baudin E, Lumbroso J, Schlumberger M, et al. Com-
parison of octreotide scintigraphy and conventional
imaging in medullary thyroid carcinoma. J Nucl Med
1996; 37:912–916.

71. Szakall S Jr, Esik O, Bajzik G, et al. 18F-FDG PET detec-
tion of lymph node metastases in medullary thyroid
carcinoma. J Nucl Med 2002; 43:66–71.

72. Arslan N, Ilgan S,Yuksel D, et al. Comparison of In-111
octreotide and Tc-99m (V) DMSA scintigraphy in the
detection of medullary thyroid tumor foci in patients
with elevated levels of tumor markers after surgery.
Clin Nucl Med 2001; 26:683–688.

73. Gotthardt M, Battmann A, Hoffken H, et al. 18F-FDG
PET, somatostatin receptor scintigraphy, and CT in
metastatic medullary thyroid carcinoma: a clinical
study and an analysis of the literature. Nucl Med
Commun 2004; 25:439–443.

74. Abdelmoumene N, Schlumberger M, Gardet P, et al.
Selective venous sampling catheterisation for localisa-
tion of persisting medullary thyroid carcinoma. Br J
Cancer 1994; 69:1141–1144.



276 Practical Management of Thyroid Cancer

75. Frank-Raue K, Raue F, Buhr HJ, Baldauf G, Lorenz D,
Ziegler R. Localization of occult persisting medullary
thyroid carcinoma before microsurgical reoperation:
high sensitivity of selective venous catheterization.
Thyroid 1992; 2:113–117.

76. Ben Mrad MD, Gardet P, Roche A, et al.Value of venous
catheterization and calcitonin studies in the treatment
and management of clinically inapparent medullary
thyroid carcinoma. Cancer 1989; 63:133–138.

77. Soderstrom N, Telenius-Berg M, Akerman M. Diag-
nosis of medullary carcinoma of the thyroid by fine
needle aspiration biopsy.Acta Med Scand 1975; 197:71–
76.

78. Mendonca ME, Ramos S, Soares J. Medullary carci-
noma of thyroid: a re-evaluation of the cytological cri-
teria of diagnosis. Cytopathology 1991; 2:93–102.

79. Takeichi N, Ito H, Okamoto H, Matsuyama T, Tahara E,
Dohi K. The significance of immunochemically stain-
ing calcitonin and CEA in fine-needle aspiration
biopsy materials from medullary carcinoma of the
thyroid. Jpn J Surg 1989; 19:674–678.

80. Papaparaskeva K, Nagel H, Droese M. Cytologic diag-
nosis of medullary carcinoma of the thyroid gland.
Diagn Cytopathol 2000; 22:351–358.

81. Forrest CH, Frost FA, de Boer WB, Spagnolo DV,
Whitaker D, Sterrett BF. Medullary carcinoma of the
thyroid: accuracy of diagnosis of fine-needle aspira-
tion cytology. Cancer 1998; 84:295–302.

82. Tashjian AH Jr, Melvin EW. Medullary carcinoma of
the thyroid gland. Studies of thyrocalcitonin in plasma
and tumor extracts. N Engl J Med 1968; 279:279–
283.

83. Dube WJ, Bell GO, Aliapoulios MA. Thyrocalcitonin
activity in metastatic medullary thyroid carcinoma.
Further evidence for its parafollicular cell origin. Arch
Intern Med 1969; 123:423–427.

84. Przepiorka D, Baylin SB, McBride OW, Testa JR, de
Bustros A, Nelkin BD. The human calcitonin gene is
located on the short arm of chromosome 11. Biochem
Biophys Res Commun 1984; 120:493–499.

85. Hoppener JW, Steenbergh PH, Zandberg J, et al. The
second human calcitonin/CGRP gene is located on
chromosome 11. Hum Genet 1985; 70:259–263.

86. Zaidi M, Breimer LH, MacIntyre I. Biology of peptides
from the calcitonin genes. Q J Exp Physiol 1987; 72:
371–408.

87. Pacini F, Fugazzola L, Basolo F, Elisei R, Pinchera A.
Expression of calcitonin gene-related peptide in
medullary thyroid cancer. J Endocrinol Invest 1992; 15:
539–542.

88. Schifter S, Williams ED, Craig RK, Hansen HH. Calci-
tonin gene-related peptide and calcitonin in medullary
thyroid carcinoma. Clin Endocrinol (Oxf) 1986;
25:703–710.

89. Cooper CW, Deftos LJ, Potts JT Jr. Direct measurement
of in vivo secretion of pig thyrocalcitonin by radioim-
munoassay. Endocrinology 1971; 88:747–754.

90. Emmertsen KK, Nielsen HE, Mosekilde L, Hansen HH.
Pentagastrin, calcium and whisky stimulated serum
calcitonin in medullary carcinoma of the thyroid. Acta
Radiol Oncol 1980; 19:85–89.

91. Vitale G, Ciccarelli A, Caraglia M, et al. Comparison 
of two provocative tests for calcitonin in medullary
thyroid carcinoma: omeprazole vs pentagastrin. Clin
Chem 2002; 48:1505–1510.

92. Oishi S, Yamauchi J, Fujimoto Y, Hamasaki S, Umeda T,
Sato T. Calcitonin release from medullary thyroid car-
cinoma by thyrotropin-releasing hormone: compari-
son with calcium injection. Acta Endocrinol (Copenh)
1992; 126:325–328.

93. Lin HY, Harris TL, Flannery MS, et al. Expression
cloning of an adenylate cyclase-coupled calcitonin
receptor. Science 1991; 254:1022–1024.

94. Hoff AO, Catala-Lehnen P, Thomas PM, et al. Increased
bone mass is an unexpected phenotype associated with
deletion of the calcitonin gene. Clin Invest 2002; 110:
1849–1857.

95. Deftos LJ, First BP. Calcitonin as a drug. Ann Intern
Med 1981; 95:192–197.

96. Purdue BW, Tilakaratne N, Sexton PM. Molecular 
pharmacology of the calcitonin receptor. Receptors
Channels 2002; 8:243–255.

97. Niccoli P, Conte-Devolx B, Lejeune PJ, et al. Hyper-
calcitoninemia in conditions other than medullary
cancers of the thyroid, Ann Endocrinol (Paris) 1996;
57:15–21.

98. Guyetant S, Wion-Barbot N, Rousselet MC, Franc B,
Bigorgne JC, Saint-Andre JP. C-cell hyperplasia asso-
ciated with chronic lymphocytic thyroiditis: a retro-
spective quantitative study of 112 cases. Hum Pathol
1994; 25:514–521.

99. Albores-Saavedra J, Monforte H, Nadji M, Morales AR.
C-cell hyperplasia in thyroid tissue adjacent to follicu-
lar cell tumors. Hum Pathol 1988; 19:795–799.

100. Tsolakis AV, Portela-Gomes GM, Stridsberg M, et al.
Malignant gastric ghrelinoma with hyperghrelinemia.
J Clin Endocrinol Metab 2004; 89:3739–3744.

101. Mullerpatan PM, Joshi SR, Shah RC, et al. Calcitonin-
secreting tumor of the pancreas. Dig Surg 2004; 21:
321–324.

102. Demers LM, Spencer CA. Laboratory medicine practice
guidelines: Calcitonin (Ct) and RET proto-oncogene
measurement. Thyroid 2003; 13:68–74.

103. Engelbach M, Gorges R, Forst T, Pfutzner A, et al.
Improved diagnostic methods in the follow-up of
medullary thyroid carcinoma by highly specific calci-
tonin measurements. J Clin Endocrinol Metab 2000;
85:1890–1894.

104. Baudin E, Bidart JM, Bachelot A, et al. Impact of chro-
mogranin A measurement in the work-up of neuroen-
docrine tumors. Ann Oncol 2001; Suppl 2:S79–S82.

105. Barakat MT, Meeran K, Bloom SR. Neuroendocrine
tumours. Endocr Relat Cancer 2004; 11:1–18.

106. Pacini F, Elisei R, Anelli S, Gasperini L, Schipani E,
Pinchera A. Circulating neuron-specific enolase in
medullary thyroid cancer. Int J Biol Markers 1986;
1:85–88.

107. Pacini F, Basolo F, Elisei R, Fugazzola L, Cola A,
Pinchera A. Medullary thyroid cancer. An immunohis-
tochemical and humoral study using six separate anti-
gens. Am J Clin Pathol 1991; 95:300–308.

108. Wyon Y, Frisk J, Lundeberg T, Theodorsson E, Hammar
M. Postmenopausal women with vasomotor symptoms
have increased urinary excretion of calcitonin gene-
related peptide. Maturitas 1998; 30:289–294.

109. Jaffe BM. Prostaglandins and serotonin: nonpeptide
diarrheogenic hormones. World J Surg 1979; 3:565–
578.

110. Le Douarin N, Le Lievre C. Demonstration of neural
origin of calcitonin cells of ultimobranchial body of



Medullary Thyroid Cancer: Diagnosis and Management 277

chick embryo. C R Acad Sci Hebd Seances Acad Sci D
1970; 270:2857–2860.

111. Wolfe HJ, Voelkel EF, Tashjian AH Jr. Distribution of
calcitonin-containing cells in the normal adult human
thyroid gland: a correlation of morphology with
peptide content. J Clin Endocrinol Metab 1974; 38:688–
694.

112. Robertson K, Mason I. The GDNF-RET signalling part-
nership. Trends Genet 1997; 13:1–3.

113. de Lellis RA, Wolfe HJ. The pathobiology of the human
calcitonin (C)-cell: a review. Pathol Annu 1981; 16(Pt2):
25–52.

114. LiVolsi VA. C cell hyperplasia/neoplasia. J Clin
Endocrinol Metab 1997; 82:39–41.

115. Rosai J, Carcangiu ML, De Lellis RA. Tumors of the
thyroid gland. In: Atlas of tumor pathology, 3rd series.
Washington, DC: Armed Forces Institute of Pathology,
1992.

116. Perry A, Molberg K, Albores-Saavedra J. Physiologic
versus neoplastic C-cell hyperplasia of the thyroid:
separation of distinct histologic and biologic entities.
Cancer 1996; 77:750–756.

117. Komminoth P, Roth J, Saremaslani P, Matias-Guiu X,
Wolfe HJ, Heitz PU. Polysialic acid of the neural cell
adhesion molecule in the human thyroid: a marker 
for medullary thyroid carcinoma and primary C-cell
hyperplasia. An immunohistochemical study on 79
thyroid lesions. Am J Surg Pathol 1994; 18:399–411.

118. Sletten K, Westermark P, Natvig JB. Characterization of
amyloid fibril proteins from medullary carcinoma of
the thyroid. J Exp Med 1976; 143:993.

119. Matias-Guiu X. Mixed medullary and follicular carci-
noma of the thyroid. On the search for its histogenesis.
Am J Pathol 1999; 155:1413–1418.

120. Biscolla RP, Ugolini C, Sculli M, et al. Medullary and
papillary tumors are frequently associated in the same
thyroid gland without evidence of reciprocal influence
in their biologic behavior. Thyroid 2004; 14:946–952.

121. Vantyghem MC, Pigny P, Leteurtre E, et al. Thyroid car-
cinomas involving follicular and parafollicular C cells:
seventeen cases with characterization of RET onco-
genic activation. Thyroid 2004; 14:842–847.

122. Fluge O, Haugen DR, Akslen LA, et al. Expression and
alternative splicing of c-ret RNA in papillary thyroid
carcinomas. Oncogene 2001; 20:885–892.

123. Elisei R, Pinchera A, Romei C, et al. Expression of thy-
rotropin receptor (TSH-R), thyroglobulin, thyroperox-
idase, and calcitonin messenger ribonucleic acids in
thyroid carcinomas: evidence of TSH-R gene tran-
script in medullary histotype. J Clin Endocrinol Metab
1994; 78:867–871.

124. Katoh R, Miyagi E, Nakamura N, et al. Expression 
of thyroid transcription factor-1 (TTF-1) in human C
cells and medullary thyroid carcinomas. Hum Pathol
2000; 31:386–393.

125. Elisei R, Cosci B, Romei C, et al. Identification of a novel
point mutation in the RET gene (Ala883Thr), which is
associated with medullary thyroid carcinoma pheno-
type only in homozygous condition. J Clin Endocrinol
Metab 2004; 89:5823–5827.

126. Pacini F, Romei C, Miccoli P, et al. Early treatment of
hereditary medullary thyroid carcinoma after attri-
bution of multiple endocrine neoplasia type 2 gene
carrier status by screening for ret gene mutations.
Surgery 1995; 118:1031–1035.

127. Santoro M, Melillo RM, Carlomagno F, Vecchio G,
Fusco A. Minireview: RET: normal and abnormal func-
tions. Endocrinology 2004; 145:5448–5451.

128. Mathew CG, Chin KS, Easton DF, et al. A linked genetic
marker for multiple endocrine neoplasia type 2A on
chromosome 10. Nature 1987; 328:527–528.

129. Simpson NE, Kidd KK, Goodfellow PJ, et al.Assignment
of multiple endocrine neoplasia type 2A to chromo-
some 10 by linkage. Nature 1987; 328:528–530.

130. Eng C, Smith DP, Mulligan LM, et al. Point mutation
within the tyrosine kinase domain of the RET proto-
oncogene in multiple endocrine neoplasia type 2B and
related sporadic tumours. Hum Mol Genet 1994; 3:237–
241.

131. Machens A, Gimm O, Hinze R, Hoppner W, Boehm BO,
Dralle H. Genotype-phenotype correlations in heredi-
tary medullary thyroid carcinoma: oncological fea-
tures and biochemical properties. J Clin Endocrinol
Metab 2001; 86:1104–1109.

132. Gimm O, Marsh DJ, Andrew SD, et al. Germline dinu-
cleotide mutation in codon 883 of the RET proto-
oncogene in multiple endocrine neoplasia type 2B
without codon 918 mutation. J Clin Endocrinol Metab
1997; 82:3902–3904.

133. Menko FH, van der Luijt RB, de Valk IA, et al. Atypical
MEN type 2B associated with two germline RET muta-
tions on the same allele not involving codon 918. J Clin
Endocrinol Metab 2002; 87:393–397.

134. Schuffenecker I, Ginet N, Goldgar D, et al. Prevalence
and parental origin of de novo RET mutations in 
multiple endocrine neoplasia type 2A and familial
medullary thyroid carcinoma. Le Groupe d’Etude des
Tumeurs a Calcitonine. Am J Hum Genet 1997; 60:
233–237.

135. Romei C, Elisei R, Pinchera A, et al. Somatic mutations
of the ret protooncogene in sporadic medullary
thyroid carcinoma are not restricted to exon 16 and are
associated with tumor recurrence. J Clin Endocrinol
Metab 1996; 81:1619–1622.

136. Zedenius J, Larsson C, Bergholm U, et al. Mutations 
of codon 918 in the RET proto-oncogene correlate 
to poor prognosis in sporadic medullary thyroid car-
cinomas. J Clin Endocrinol Metab 1995; 80:3088–3090.

137. Elisei R, Cosci B, Romei C, et al. RET exon 11 (G691S)
polymorphism is significantly more frequent in spo-
radic medullary thyroid carcinoma than in the general
population. J Clin Endocrinol Metab 2004; 89:3579–
3584.

138. Gimm O, Neuberg DS, Marsh DJ, et al. Over-
representation of a germline RET sequence variant in
patients with sporadic medullary thyroid carcinoma
and somatic RET codon 918 mutation. Oncogene 1999;
18:1369–1373.

139. Ruiz A, Antinolo G, Fernandez RM, Eng C, Marcos I,
Borrego S. Germline sequence variant S836S in the
RET proto-oncogene is associated with low level pre-
disposition to sporadic medullary thyroid carcinoma
in the Spanish population. Clin Endocrinol (Oxf) 2001;
55:399–402.

140. Jimenez C, Gagel RF. Genetic testing in endocrinology:
lessons learned from experience with multiple
endocrine neoplasia type 2 (MEN2). Growth Horm IGF
Res 2004; 14 Suppl A:S150–S157.

141. Moley JF, DeBenedetti MK. Patterns of nodal metas-
tases in palpable medullary thyroid carcinoma: rec-



278 Practical Management of Thyroid Cancer

ommendations for extent of node dissection. Ann Surg
1999; 229:880–887; discussion 887–888.

142. Fleming JB, Lee JE, Bouvet M, et al. Surgical strategy for
the treatment of medullary thyroid carcinoma. Ann
Surg 1999; 230:697–707.

143. Machens A, Holzhausen HJ, Thanh PN, Dralle H. Malig-
nant progression from C-cell hyperplasia to medullary
thyroid carcinoma in 167 carriers of RET germline
mutations. Surgery 2003; 134:425–431.

144. Dralle H, Gimm O, Simon D, et al. Prophylactic thy-
roidectomy in 75 children and adolescents with 
hereditary medullary thyroid carcinoma: German and
Austrian experience.World J Surg 1998; 22:744–50; dis-
cussion 750–751.

145. Scollo C, Baudin E, Travagli JP, et al. Rationale for
central and bilateral lymph node dissection in sporadic
and hereditary medullary thyroid cancer. J Clin
Endocrinol Metab 2003; 88:2070–2075.

146. Dralle H, Damm I, Scheumann GF, Kotzerke J, Kupsch
E. Frequency and significance of cervicomediastinal
lymph node metastases in medullary thyroid carci-
noma: results of a compartment-oriented microdissec-
tion method. Henry Ford Hosp Med J 1992; 40:264–267.

147. Gimm O, Ukkat J, Dralle H. Determinative factors of
biochemical cure after primary and reoperative
surgery for sporadic medullary thyroid carcinoma.
World J Surg. 1998; 22:562–567; discussion 567–568.

148. Nieuwenhuijzen Kruseman AC, Bussemaker JK,
Frolich M. Radioiodine in the treatment of hereditary
medullary carcinoma of the thyroid. J Clin Endocrinol
Metab 1984; 59:491–494.

149. Nusynowitz ML, Pollard E, Benedetto AR, Lecklitner
ML, Ware RW. Treatment of medullary carcinoma of
the thyroid with I-131. J Nucl Med 1982; 23:143–146.

150. Brierley J, Tsang R, Simpson WJ, Gospodarowicz M,
Sutcliffe S, Panzarella T. Medullary thyroid cancer:
analyses of survival and prognostic factors and the role
of radiation therapy in local control. Thyroid 1996;
6:305–310.

151. Fersht N,Vini L,A’Hern R, Harmer C. The role of radio-
therapy in the management of elevated calcitonin after
surgery for medullary thyroid cancer. Thyroid 2001;
11:1161–1168.

152. Fife KM, Bower M, Harmer CL. Medullary thyroid
cancer: the role of radiotherapy in local control. Eur J
Surg Oncol 1996; 22:588–591.

153. Assalia A, Gagner M. Laparoscopic adrenalectomy. Br J
Surg 2004; 91:1259–1274.

154. Kocak S, Aydintug S, Canakci N. Alpha blockade in pre-
operative preparation of patients with pheochromocy-
tomas. Int Surg 2002; 87:191–194.

155. Cubeddu LX, Zarate NA, Rosales CB, Zschaeck DW.
Prazosin and propranolol in preoperative management
of pheochromocytoma. Clin Pharmacol Ther 1982;
32:156–160.

156. Sokoll LJ. Measurement of parathyroid hormone and
application of parathyroid hormone in intraoperative
monitoring. Clin Lab Med 2004; 24:199–216.

157. Niederle B, Roka R, Brennan MF. The transplantation
of parathyroid tissue in man: development, indica-
tions, technique, and results. Endocr Rev 1982; 3:245–
79.

158. Moley JF, Wells SA, Dilley WG, Tisell LE. Reoperation
for recurrent or persistent medullary thyroid cancer.
Surgery 1993; 114:1090–1095; discussion 1095–1096.

159. Jackson CE, Talpos GB, Kambouris A, Yott JB, Tashjian
AH Jr, Block MA. The clinical course after definitive
operation for medullary thyroid carcinoma. Surgery
1983; 94:995–1001.

160. Tisell LE, Hansson G, Jansson S, Salander H. Reopera-
tion in the treatment of asymptomatic metastasizing
medullary thyroid carcinoma. Surgery 1986; 99:60–
66.

161. Orlandi F, Caraci P, Mussa A, Saggiorato E, Pancani G,
Angeli A. Treatment of medullary thyroid carcinoma:
an update. Endocr Relat Cancer 2001; 8:135–147.

162. Schlumberger M, Abdelmoumene N, Delisle MJ,
Couette JE. Treatment of advanced medullary thyroid
cancer with an alternating combination of 5 FU-strep-
tozocin and 5 FU-dacarbazine. The Groupe d’Etude des
Tumeurs a Calcitonine (GETC). Br J Cancer 1995; 71:
363–365.

163. Nocera M, Baudin E, Pellegriti G, Cailleux AF,
Mechelany-Corone C, Schlumberger M. Treatment of
advanced medullary thyroid cancer with an alternating
combination of doxorubicin-streptozocin and 5 FU-
dacarbazine. Groupe d’Etude des Tumeurs Ã Calcito-
nine (GETC). Br J Cancer. 2000; 83:715–718.

164. Lupoli GA, Fonderico F, Fittipaldi MR, et al. The role of
somatostatin analogs in the management of medullary
thyroid carcinoma.J Endocrinol Invest 2003; 26(8 Suppl):
72–74.

165. Zatelli MC, Tagliati F, Taylor JE, Piccin D, Culler MD,
degli Uberti EC. Somatostatin, but not somatostatin
receptor subtypes 2 and 5 selective agonists, inhibits
calcitonin secretion and gene expression in the human
medullary thyroid carcinoma cell line, TT. Horm Metab
Res 2002; 34:229–233.

166. Zatelli MC, Tagliati F, Piccin D, et al. Somatostatin
receptor subtype 1-selective activation reduces cell
growth and calcitonin secretion in a human medullary
thyroid carcinoma cell line. Biochem Biophys Res
Commun 2002; 297:828–834.

167. Papotti M, Kumar U, Volante M, Pecchioni C, Patel 
YC. Immunohistochemical detection of somatostatin
receptor types 1–5 in medullary carcinoma of the
thyroid. Clin Endocrinol (Oxf) 2001; 54:641–649.

168. Mukherjee JJ, Kaltsas GA, Islam N, et al. Treatment of
metastatic carcinoid tumours, phaeochromocytoma,
paraganglioma and medullary carcinoma of the
thyroid with (131)I-meta-iodobenzylguanidine [(131)I-
mIBG]. Clin Endocrinol (Oxf) 2001; 55:47–60.

169. Kaltsas G, Rockall A, Papadogias D, Reznek R,
Grossman AB. Recent advances in radiological and
radionuclide imaging and therapy of neuroendocrine
tumours. Eur J Endocrinol 2004; 151:15–27.

170. Kraeber-Bodere F, Faivre-Chauvet A, Ferrer L, et al.
Pharmacokinetics and dosimetry studies for optimiza-
tion of anti-carcinoembryonic antigen x anti-hapten
bispecific antibody-mediated pretargeting of iodine-
131-labeled hapten in a phase I radioimmunotherapy
trial. Clin Cancer Res 2003; 9:3973S–3981S.

171. Bodei L, Handkiewicz-Junak D, Grana C, et al. Recep-
tor radionuclide therapy with 90Y-DOTATOC in
patients with medullary thyroid carcinomas. Cancer
Biother Radiopharm 2004; 19:65–71.

172. Roche A, Girish BV, de Baere T, et al. Trans-catheter
arterial chemoembolization as first-line treatment for
hepatic metastases from endocrine tumors. Eur Radiol
2003; 13:136–140.



Medullary Thyroid Cancer: Diagnosis and Management 279

173. Drosten M, Putzer BM. Gene therapeutic approaches
for medullary thyroid carcinoma treatment. J Mol Med
2003; 81:411–419.

174. DeGroot LJ, Zhang R. Viral mediated gene therapy for
the management of metastatic thyroid carcinoma. Curr
Drug Targets Immune Endocr Metabol Disord 2004; 4:
235–244.

175. Stift A, Sachet M, Yagubian R, et al. Dendritic cell vac-
cination in medullary thyroid carcinoma. Clin Cancer
Res 2004; 10:2944–2953.

176. Maio M, Coral S, Sigalotti L, et al. Analysis of
cancer/testis antigens in sporadic medullary thyroid
carcinoma: expression and humoral response to 
NY-ESO-1. J Clin Endocrinol Metab 2003; 88:748–
754.

177. Gschwind A, Fischer OM, Ullrich A. The discovery of
receptor tyrosine kinases: targets for cancer therapy.
Nat Rev Cancer 2004; 4:361–370.

178. Mughal TI, Goldman JM. Chronic myeloid leukemia:
current status and controversies. Oncology (Huntingt)
2004; 18:837–844.

179. Tanovic A, Alfaro V. Gefitinib: current status in the
treatment of non-small cell lung cancer. Drugs Today
(Barc) 2004; 40:809–827.

180. Bates D. ZD-6474. AstraZeneca Curr Opin Investig
Drugs 2003; 4:1468–1472.

181. Ciardiello F, Caputo R, Damiano V, et al. Antitumor
effects of ZD6474, a small molecule vascular endothe-
lial growth factor receptor tyrosine kinase inhibitor,
with additional activity against epidermal growth
factor receptor tyrosine kinase. Clin Cancer Res 2003;
9:1546–1556.

182. Carlomagno F, Vitagliano D, Guida T, et al. ZD6474, an
orally available inhibitor of KDR tyrosine kinase activ-
ity, efficiently blocks oncogenic RET kinases. Cancer
Res 2002; 62:7284–7290.




