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Classification of thyroid tumours and their variants is described with special respect to some
recent findings on somatic mutations characteristics which are associated with individual types of
malignity. Special attention is paid to the interrelations between thyroid nodules and malignity and
predictive risk factors are listed.
For details see <www.elis.sk>.

Human thyroid neoplasia represents a variety of lesions starting from well-differentiated benign tumors
to anaplastic malignant cancers. In addition tumors can
be divided into two groups, non-medullary and medullary thyroid cancer of hereditary or nonhereditary origin. Non-medullary thyroid cancers include papillary
cancer, follicular carcinoma, the Hurtle variant of follicular cancer, insular cancer, and anaplastic cancer
(MALCHOFF and MALCHOFF 2002). papillary cancer being the most frequent one. Despite that the majority of
papillary cancers is sporadic, epidemiological data have
revealed that a 4 to 10 fold increase of such cancer exists in the first generation relatives of papillary cancer
patients (PAL et al. 2001). This finding indicates the
possibility of familial predisposition to papillary cancer which might occur is approximately 5 %. The genetic events responsible for the inheritance which occur in autosomal dominant fashion with partial penetrance have not been identified yet.
Somatic mutation associated with papillary cancer
is the activating mutation of RAS gene and genes encoding tyrosine kinase receptors RET and TRK. The
high prevalence of BRAF gene mutations in such cancer was revealed recently (KIMURA et al. 2003). It was
no overlap between RET, RAS or BRAF mutations ob-

served in 66% of papillary cancers analyzed. These
mutations were shown to be not present in differentiated follicular neoplasm having the same cell origin like
papillary one. The mechanism of this unexpected result is not known yet.
Thyroid cancer appears in less than 5 to 10 % of hypofunctioning thyroid nodules (DEAN and HAY 2000).
The prevalence of these nodules being estimated between
5 to more than 20 % in human population. The highest
prevalence is found in regions of endemic goitre. Single
and multiple nodules arise from thyroid hyperplasia and
they may also develop in normal thyroid gland. It has
been shown that from 15 to 40 % of thyroid nodules are
partly or entirely cystic and the majority of these lesions
are benign (SALABE 2001). The most of so-called cystic
nodules follows necrosis issues as an imbalance between
growth and the precisely regulated process of angiogenesis. SALABE (2001) classified thyroid nodules according their anatomo-clinical image into five types with distinct histological features: Hyperplastic nodule, neoplastic nodule, colloid nodule (or nodular goiter, CHAN 2001),
cystic nodule, and thyroiditic nodule (nodular Hashimoto’s thyroiditis). Histologically, the neoplastic thyroid
nodules correspond to well, moderately, and poorly differentiated carcinomas and they may arise in the tissue

74

THYROID TUMOUR: CLASSIFICATION AND GENETIC FACTORS

Fig 1 Papillary carcinoma in Hashimoto‘s thyroiditis: Nontumoral thyroid gland (left) with distinguishing microscopic
features of Hashimoto´s thyroiditis lymphocytic infiltration
with germinal center formation) and papillary thyroid carcinoma (right)

of different types of thyroid nodules (Fig. 1). Thyroid
cancers are fairly uncommon and include disease types
that range from indolent localized papillary cancers to

the fulminate and lethal anaplastic disease. The relative
infrequency of death from this disease has led to
a viewpoint that thyroid cancer is an innocuous tumor
(GAGEL et al. 1996). Table 1 summarizes simplified classification of primary thyroid tumours as modified from
the World Health Organization (WHO) classification
(CHAN 2001).
Thyroid adenoma is the only benign epithelial tumour of thyroid gland. It is encapsulated and differentiates into follicular cells. Microscopically distinguished
forms are as follows – normofollicular, macrofollicular (colloid), microfollicular (fetal), trabecular and solid (embryonic). Follicular adenoma occurs mostly in
adults aged from 20 to 50 years, and its appearance is
more common in females. The characteristic feature
that distinguishes a carcinoma from an adenoma is the
presence of vascular or capsular invasion in the carcinoma. The adenomas usually lack uptake on iodine
scans – ”cold” nodules, but rarely may be “hot”(with
autonomous production of L-thyroxine) and can cause
hyperthyroidism (so-called “toxic adenoma”) (CHAN
2001). On radioisotope scanning they generally appear
as hot nodules because they concentrate radioiodide,

Table 1
Simplified classification of primary thyroid tumors, modified from the World Health Organization (WHO) classification
(CHAN 2001)
Tumours of thyroid follicular or metaplastic epithelium
1. Follicular adenoma (including Hürthle cell adenoma)
2. Follicular carcinoma (including Hürthle cell carcinoma)
¾ minimally invasive
¾ widely invasive
3. Papillary carcinoma
4. Poorly differentiated thyroid carcinoma including insular carcinoma
5. Anaplastic (undifferentiated) and squamous cell carcinoma including so-called carcinosarcoma
6. Columnar cell carcinoma
7. Mucoepidermoid carcinoma
8. Sclerosing mucoepidermoid carcinoma with eosinofilia
9. Mucinous carcinoma
Tumours showing C-cell differentiation
Medullary thyroid carcinoma
Tumours showing both follicular and C-cell differentiation
1. Collision tumor: follicular/papillary and medullary carcinomas
2. Mixed follicular-parafollicular carcinoma (differentiated thyroid carcinoma, intermediate type)
Tumours showing thymic or related branchial pouch
Tumours of lymphoid cells
Intrathyroid parathyroid tumours
Mesenchymal and other tumours
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whereas the surrounding tissues concentrate a little
amount of the isotope (CORVILAIN 2003). It has been
shown that “thyroid hormone receptor-thyroid hormone
response element” complex formation and the activity
of type I iodothyronine 5’-activity may be altered in
thyroid adenoma (BRTKO et al. 2002).
Thyroid cancer accounts (in the U.S.A.) roughly
1 % of all new malignant diseases (FIGGE 1999). The
female sex, according to CHAN (2001) is usually associated with slightly better prognosis. Thyroid cancer
usually presents as a solitary thyroid nodule. Papillary,
medullary, and anaplastic camcers can be diagnosed
by cytological examination of a fine-needle aspirate of
the nodule. To distinguish between follicular cancer and
benign follicular adenoma, histological examination
needs to be performed (SHERMAN 2003). The presence
of nuclear atypia in a thyroid tumour is not necessarily
synonymous with malignancy. Presence of atypical
hyperchromatic nuclei in an endocrine organ is more
often a reflection of hyperstimulation rather than presence of malignant potential (CHAN 2001). Immunohistochemical analysis does not usually differentiate benign from malignant lesions, although staining for galectin-3 has often been reported in follicular carcinomas but it was found to be rare in adenomas (SHERMAN
2003). Histological examination remains necessary for
the evaluation of tumour invasiveness, as well.
Radioisotope scans usually show that malignant lesions are hypofunctioning or cold, however, these findings are in general non-specific. CT and MRI have no
role in the routine diagnostic assessment of the most of
thyroid nodules (SHERMAN 2003). Recently, KROLL
(2002) recommended focusing more on the study of
thyroid cancer pathogenesis and the degree to which
thyroid tumour morphology correlates with underlying molecular genetic events. The better differentiated
tumours generally occur in younger patients, while less
differentiated tumours occur in older patients. Age for
low-grade, intermediate-grade and high-grade thyroid
tumours is ranging from 40 to 60 years, moreover, for
the same tumor type, young patients below age of 40
years, generally have better prognosis than older patients. The TNM (T-extent of primary tumor, N-condition of regional lymph nodes, M-presence of distant
metastasis) staging system appears to be the most useful for predicting of death from thyroid cancer. Thyroid cancer in children is more aggressive when compared to adults, with more frequent extrathyroidal extension and higher incidence of lymph node or distant
metastasis, however, the prognosis is highly favorable
(GILLILAND et al. 1997).
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Table 2
Classification of thyroid carcinoma (GAGEL et al. 1996)
Thyroid carcinoma derived from the follicular cell
1. Papillary thyroid carcinoma
2. Mixed papillary-follicular thyroid carcinoma
3. Hurtle cell carcinoma
4. Follicular thyroid carcinoma
5. Anaplastic thyroid carcinoma
Thyroid carcinoma derived from the parafollicular or C cells
1. Sporadic medullary thyroid carcinoma
2. Hereditary medullary thyroid carcinoma
¾
Multiple endocrine neoplasia type 2A
¾
Multiple endocrine neoplasia type 2B
¾
Familial medullary thyroid carcinoma

Primary cancers are usually classified as differentiated ones (e.g. papillary and follicular carcinomas),
medullary thyroid carcinomas, and undifferentiated or
anaplastic cancers (Table 2). Less frequent classifications include Hurtle cell cancers, squamous cell cancers, lymphomas and other hematopoietic lesions, and
a variety of unusual cancers and soft tissue sarcomas
(GAGEL et al. 1996). Differentiated cancers are diagnosed in women twice as often as in men. These can
be inherited as a component of familial adenomatous
polyposis, Gardner’s syndrome, and Cowden’s disease.
Potential loci of susceptibility have been identified on
chromosomes 1q21, 2q21, and 19p13.2 (MCKAY et al.
2001). CHAN (2001) stated that some studies made no
distinction between papillary and follicular cancers and
simply lump them under the category of “differentiated thyroid cancers”, but there is good evidence that
papillary cancer and follicular cancer are clinically,
biologically and histopathologically distinct entities.
Papillary thyroid cancer, the most common histological type of thyroid cancer, accounts for approximately 60 % (GAGEL et al. 1996), 70 – 80 % (CHAN
2001) of all thyroid cancers. This type of thyroid cancer appears also in young people. Papillary cancer is
defined, according to the WHO classification, as
a “malignant epithelial tumour” showing evidence of
follicular cell differentiation, typically with papillary
and follicular structures as well as characteristic nuclear changes (ground glass, large size, pale, irregular
outline with deep grooves and pseudoinclusions)” (Table 3). Tumours designed in the past as “mixed papillary-follicular cancer” should be reclassified as papillary carcinoma (CHAN 2001). This cancer may be also
multifocal without dominant mass. Multifocal disease
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Table 3
Variants of papillary carcinoma: behavior compared with classical papillary carcinoma (CHAN 2001)

Type

Variants

More aggressive

Diffuse sclerosing variant
Diffuse follicular variant
Tall cell variant
Trabecular variant
Dedifferentiated variant
Encapsulated variant
Papillary microcarcinoma
Follicular variant
Solid variant
Oxyphil cell variant
Variant with exuberant nodular
Fascitis-like stroma
Warthin tumor-like variant
Cribriform-morular variant
Variant with lipomatous stroma

Better prognosis
No difference

Fig 2 Papillary thyroid carcinoma. Papillary formation with
nuclear characteristic of papillary carcinomas. Ground glass
appearance and overlaping, several pseudoinclusions and
nuclear grooves

is common (~65 %), although, this is traditionally attributed to intraglandular metastasis. Molecular analysis suggests that the individual tumours are usually independent neoplasms (GOULD and SOMMERS 1988).
Some familial cases with autosomal dominant inheritance have been also observed, so-called familial nonmedullary thyroid cancers. It has been suggested that
this form of non-medullary cancer is more aggressive
than the sporadic form (CHAN 2001).

Papillary thyroid cancer is recognized by i) epithelium piled up on the surfaces of papillae, ii) empty, ground
glass (“Orphan Annie eye”) nuclei (Fig. 2), and iii) laminated masses of calcareous material (psammoma bodies) in half of the cases (GOULD and SOMMERS 1988). Calcified colloid materials, which are commonly found in
Hürthle cell neoplasms and hyalinizing trabecular adenoma, can be distinguished from psammoma bodies
(found in approximately half of the papillary carcinomas) by their exclusive location in the follicular lumina.
The keys to diagnosis of papillary cancers are the nuclear characteristics, while invasion, either vascular or capsular, is not prerequisite. However, a feature number and
also further characteristics in papillary cancer – nuclear
groove formed by deep folding of the nuclear membrane
are not entirely patognomic (CHAN 2001) because some
benign lesions in thyroid gland can exhibit similar changes in nuclei. Multinucleated histiocytes present in the
luminal space of some follicles and papillae are also of
diagnostic importance because they are extremely rare in
benign lesions and other tumor types. Immunohistochemical markers are not totally specific in the diagnosis of papillary cancer versus other thyroid tumours. Staining may
be patchy and weak even in classical papillary cancer (CHAN
2001). Papillary cancers are usually infilrative (tumour cells
usually spreads into the adjacent thyroid tissue), but some
cells may be circumscribed or even encapsulated. More
than 30 % cells may invade the regional lymph nodes, and
approximately 10 % of patients develop hematogenous metastasis (GAGEL et al. 1996). It has been suggested that the
extent of infiltration is proportional to the rate of lymph
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Fig 3 Follicular thyroid invasive carcinoma. Predominant
solid and partly trabecular growth pattern transversed by
delicate fibrovascular septa. Significant nuclear atypia. The
tumour tissue expands in a mushrooms-like fashion on the
outside of the nodule

Fig 4 Hürthle cell thyroid carcinoma. Follicular pattern of
growth. Oncocytic cells with pleomorphous cells and one
psammoma body in center are seen

node metastasis (CHAN 2001). Papillary cancers exhibit
a spectrum of histological patterns (classic, solid, and
tall cell) that have different biological features. Follicles
are frequently present. Very often, there is an intricate
blending of the follicles with papillae, resulting in
a complex tubulopapillary pattern. The dense hyaline
fibrosis of tumour stroma may be useful feature for distinguishing papillary cancer from follicular one. Many
variants of papillary thyroid carcinoma have been recognized, but only some are of prognostic significance.
Follicular thyroid cancer is epithelial thyroid tumor showing follicular cell differentiation, but lacking
the diagnostic features of papillary cancer (synonyms
include adenoma with invasion, malignant adenoma,
adenoma with capsular invasion, angioinvasive adenoma). These synonyms indicate typical feature of follicular carcinoma that is the presence of vascular (and
capsular) invasion (Fig. 3) in contrast to follicular adenoma without invasion. Follicular cancers account for
about 20 % of all thyroid cancers. It forms a hard thyroid mass that, on section, appears as a granular, pale
gray-white, stellate invasive tissue, resembling many
other visceral carcinomas. This cancers arise only rarely
from benign adenomas as a result of transforming
events. However. in the regions of iodine insufficiency, follicular cancer is more common than papillary
one (SHERMAN 2003). Thyroid tumours with mixed
morphological features of papillary and follicular cancer may be also observed.

The thyroid tumour is classified as Hürthle cell cancer in such a case, when more than 75 % of follicular
cancer cells exhibit Hürthle cell or oncocytic features
(DEAN and HAY 2000). The prognosis of Hürthle cell cancer (Fig. 4) as a malignancy derived from the follicular
cells is similar to that of follicular cancer, but somewhat
different from that of papillary cancer (GAGEL et al. 1996).
Various studies have not reported consistent influence
of the histology pattern on the prognosis in patients with
follicular cancer. Actuallz, male patients show far worse
prognosis than female ones. The survival is excellent in
patients below the age range of30 to 40 years, metastases and age being important prognostic factors. (CHAN
2001). Hematogenous metastases are more common for
this type of cancer than for papillary one. Metastases to
the lungs, bones, and other sites may occur several years
after removal of the thyroid lesion. CAILLOU (1998) stated that the differentiation of diagnosis between encapsulated well differentiated follicular thyroid carcinoma
and atypical adenoma is not easy. In spite of that all these
tumours show a very good prognosis, it is recommended to fetch these tumors under the same terminology,
and actual morphological differences would be then expressed by a histological grading. Histological subtypes
of differentiated thyroid cancers that might signal poor
prognosis include tall-cell and columnar-cell variants of
papillary type cancer, oxyphilic (Hürthle) cells, and poorly differentiated variants of the follicular type (BURMAN
et al. 1996). COLLINI et al. (2002) stated that minimally

78

THYROID TUMOUR: CLASSIFICATION AND GENETIC FACTORS

Fig 5 Anaplastic thyroid carcinoma. Anaplastic carcinoma
giant cell type. Several giant tumour cells with huge hyperchromatic nuclei

invasive (encapsulated) follicular camcer, widely invasive follicular cancer, and insular cancer are three distinct types of thyroid cancers consisting of follicular cells
(insular cancer represents poorly differentiated counterpart). Widely invasive follicular cancer represents a high
risk, with an overall survival similar to that of insular
one. Widely invasive follicular cancers occur in older
age, with a larger size, a widespread growth into the thyroid parenchyma, and presenting with distant metastases (lung, bone, brain, liver). Minimally invasive follicular cancer is the low-risk counterpart of widely invasive
follicular thyroid carcinoma, but not of insular cancer
which represents a distinct high-risk lesion, showing both
follicular- and papillary-related biological behavior characteristics. In insular cancer the criteria of high risk depend upon the degree of differentiation, the low- and
high-risk forms of usual follicular cancers being based
on their degree of invasiveness irrespective of differentiation grade. THOMPSON et al. (2001) considered the criteria for minimally invasive (low grade) follicular cancer controversial, often resulting in unnecessary treatment.
Insular cancer generally signed as poorly differentiated thyroid cancer represents a group of thyroid tumours
showing histological and biological features between well
differentiated and undifferentiated cancers (CHAN 2001).
The name “insular cancer” is connected with insular
growth pattern that is often present in this group. Solid
nest (“insulae”) often contains small follicles. Necrosis,
hemorrhage and vascular invasion are common. Only
some reported cases of poorly differentiated papillary cancer are, according CHAN (2001), the examples of insular

cancer. On the other hand, not all the cases reported as
“poorly differentiated cancer” represent currently generally accepted characteristic of this group. The full morphological spectrum remains to be defined, but insular
cancer is considered the best characterized group. Approximate frequency of poorly differentiated cancer is
ranging from 0.4 to 10 % (CHAN 2001).
Patients with insular cancer are usually middle or
old aged and females are generally are more commonly affected than males. The cause of death is usually
from metastases rather than from uncontrollable recurrences. Advanced age, large tumor size, extrathyroid
extension and lymph node metastasis are correlated
with poor prognosis (CHAN 2001).
Anaplastic thyroid cacer (undifferentiated cancer)
represents 1 % (SHERMAN 2003) or even 3 % to 5 %
(CHAN 2001) of all thyroid cancers and generally derives from the dedifferentiation of differentiated type
(SHERMAN 2003). In the areas where goiter is endemic,
it may account for10 times higher incidence (CHAN
2001). The fast growing, hard neck mass is composed
of dense, granular grayish tissue. These aggressive cancers typically occur in older women. Rapid growth of
thyroid cancer mass and regional or distant metastases
are typical for this type of cancer which often develops
in a preexistent goiter, with or without associated of
better differentiated carcinomas. Disease-specific mortality is almost 100 %. Despite vigorous treatment, the
most patients die within one year, and the median survival is between three and four months. Histological
features are variable. Microscopically, the best known
pattern is a bizarre cellular proliferation of spindle and
giant cells (Fig. 5), with polyploid nuclei, many mitoses, tumor necrosis, and stromal fibrosis. The diagnostic is spindle and giant cell thyroid carcinoma. Less
common types are small cell anaplastic cancer which
vaguelly resembles a breast carcinoma, and small cell
diffuse carcinoma (GOULD and SOMMERS 1988). Some
tumors are predominantly or exclusively sarcomatoid,
resembling fibrosarcoma, so-called malignant fibrous
histiocytoma, hemangioperycytoma, angiosarcoma (angiomatoid variant) or rhabdomyosarcoma (CHAN 2001).
Anaplastic cancer is usually connected with widespread
local invasion and a high frequency of distant metastases in lungs, pleura, bone, and brain (SHERMAN 1999).
Rapid growth of thyroid cancer mass is a typical feature of this malignant disease. Several classification and
staging schemes have been introduced to facilitate identification of important prognostic variables that can
guide the clinician (GAGEL et al. 1996). The previously
used term “small cell type” of anaplastic cancer has
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practically disappeared in the recent literature. Cases
so diagnosed are reclassifiable as i) malignant lymphoma (the most of cases); ii) medullary cancer with scanty
or no amyloid; iii) metatastatic small cell cancer; iiii)
true small cell thyroid cancer which is extremely rare
and often exhibits neuroendocrine differentiation. Morphological variants of anaplastic thyroid carcinoma are
angiomatoid, osteoclastic, paucicellular variants, carcinosarcoma, lymphoepitelioma-like, adenosquamous and
squamous cell cancers. Although the term “cancer” is
being used, a convincing proof of epithelial differentiation either at the immunohistochemical or ultrastructural level is not accessible in all cases. However, it is not
crucial for practical purposes because tumours conforming to the morphologic features of anaplastic cancer behave in an aggressive fashion (CHAN 2001).
Medullary thyroid carcinoma differs from all other thyroid cancers and derives from the neuroendocrine
parafollicular C-cells of the thyroid. It forms bulky, soft,
gray tumors, sometimes bilaterally and grows slowly. It
is more commonly located in the middle third of the
lateral lobe, the region where C-cell density is the highest (WOLFE and DELELLIS, 1981). Spread and metastases
of medullary thyroid carcinoma resemble the pattern of
follicular thyroid carcinoma. It readily metastasizes via
lymphatic channels to regional lymph nodes, but may
invade blood vessels and metastasize to the liver, lings,
bones and upper mediastinum (CHAN 2001). The TNM
staging system is quite accurate for predicting cause-specific survival in this carcinoma (DEAN and HAY 2000).
Medullary thyroid carcinoma differs from normal thyroid tissue, it is composed of pale, cuboidal, and often
spindle shaped cells (Fig. 6). Because of the stromal
change, the diagnostic term employed is often ”medullary cancer with amyloid stroma”. Cellular discohesion
and interstitial edema are very common (CHAN 2001).
Familial medullary cancer is a part of genetic condition
associated with pheochromocytoma and parathyroid
hyperplasia or adenoma. This combination is designated as multiple endocrine neoplasia type 2A. Type 2B is
a condition, which has multiple mucosal neuromas, especially of the lips and tongue, in which parathyroid
hyperplasia or adenoma is apparently atypical or absent.
Sporadic disease accounts for 80 % of all cases, the remainder of patients have inherited tumour syndromes
such as multiple endocrine neoplasia type 2A (medullary thyroid cancer, multigland parathyroid tumours, and
unilateral and bilateral phaeochromocytoma), 2B (medullary thyroid cancer, phaeochromocytoma, mucosal
neuromas, and marfanoid habitus), or familial medullary cancer (BRANDI et al. 2001). Patients with multiple
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Fig 6 Medullary thyroid carcinoma. Solid pattern of the
growth and deposition of amyloid. The tumour cells forms
spindle cell fascicles mimicking a mesenchymal tumour

endocrine neoplasia of the type 2B are more likely to
have locally aggressive disease than those with either
the type 2A or familial medullary thyroid carcinoma
(O’RIORDAIN et al. 1994). Patients with inherited disease
seem to have a better outlook for survival. Women may
be slightly more likely to have the disease than men (Sherman 2003), but the female sex has been associated with
better prognosis (SHRODER et al 1988). Experiences with
survival rates indicate that this tumor is indolent and not
rapidly lethal. Many histological variants of medullary
cancer (glandular/follicular, oxyphilic, giant cell, clear
cell, spindle cell, pigmented, squamous, papillary, small
cell, neuroblastoma-like, hyalinizing trabecular adenomalike, carcinoid-like, paraganglioma-like, medullary microcarcinoma) have been recognized, but the most of
them are of no prognostic importance (CHAN 2001).
Metastatic cervical adenopathy is noted in about 50 % of
patients with medullary-type cancer at initial presentation. The ability of the tumor to oversecrete measurable
quantities of calcitonin, occasionally along with other
hormonally active peptides such as adrenocorticotropic
hormone or calcitonin-gene related peptide, leads to unexplained diarrhoea, symptoms of Cushing’s syndrome,
or facial flushing in patients with advanced disease (SHERMAN 2003). Hypocalcemia due to excessive calcitoninemia is extremely rare. Familial non-medullary thyroid
cancer is more aggressive than sporadic non-medullary
thyroid cancer. It tends to affect younger patients, and
the tumours are often multi-focal and bilateral. Histologically, 90 % of these tumours are papillary thyroid
cancers and the remaining tumours are Hürthle cell cancers (ALSANEA, 2000).
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Fig 7 Different mutations of RET gene connected with various forms of MEN 2 syndrome

Medullary thyroid carcinoma a neoplasm of parafollicular C cells secreting calcitonin occurs as a sporadic
or hereditary tumour. Missense germ-line mutations in
the RET gene are responsible for a hereditary tumor syndrome – multiple endocrine neoplasia type 2 (MEN 2)
which comprise three subgroups, MEN 2A, MEN 2B
and familial medullary thyroid carcinoma (FMTC) depending on the tissue involved. In contrast to other known
inherited cancer syndromes connected with loss of function of tumor suppressor genes, MEN 2 specific mutations convert RET gene into a dominant transforming
gene (SANTORO et al. 1995). The mutation is heterozygous, both the wild type and mutated alleles are present
in patient’s cells. All three syndromes have an autosomal dominant transmission manner, which predict a 50
% risk to inherit the mutation with children of affected
parents. Penetrance of the mutated gene is nearly 100
% and is completed at the age of 40 years.
RET gene is a transmembrane tyrosine kinase receptor located on chromosome 10q11.2. It encodes a cell
surface protein, which includes a signal peptide, an extracellular domain containing a cadherine like domain
and a cysteine rich domain, a transmembrane domain,
and an intracellular tyrosine kinase domain (Fig.7).
MEN 2 is characterized by medullary thyroid cancer, phaeochromocytoma (Pheo) and parathyroid hyperplasia (PTH). The site of RET gene mutations determines the clinical phenotype of the syndrome. The
common disease for all three subtypes of MEN 2 is
medullary thyroid cancer (100 %) and Pheo (50 %).
Parathyroid hyperplasia was observed in 15-30 % of
MEN 2A families. Medullary thyroid cancer is the only
disease, which develop in FMTC members. MEN 2B

patients apart from RET gene mutation manifest also
marfanoid habitus, mucosal gangioneuromas of the lips,
tongue, and intestinal tract. MEN 2B syndrome is the
most aggressive form with the earlier age of tumor onset and poor prognosis. The most frequent mutation
(85%) found in association with MEN 2A is located in
codon 634 (exon11) and results in the replacement of
TGC to CGC (C634R) followed by TAC (C634Y) and
GGC (C634G) (MULLIGAN ET AL. 1995). The frequencies of mutations are approximately 50, 26, resp.10 %.
Less frequent mutations connected to MEN 2A were
found in codons 606, 611 618 and 620 (exon 10). In
a limited number of MEN 2A families duplication/insertion mutation (insertion of three or four amino acids) in exon 11 was detected (HOPPNER et al. 1997, HOPPNER et al. 1998). Dual mutations in RET gene which
affect both the cysteine rich region and the transmembrane domain were detected in two MEN 2A families
(TESSITORE et al. 1999, POTURNAJOVA et al. 2005). There
was no preferentially mutation in codons 10 and 11
found with FMTC. These mutations are responsible for
more then 80 % of FMTC. However the most frequent
mutation C634R revealed in MEN 2A was not detected with FMTC (MULLIGAN et al. 1995, ENG et al. 1996).
Some more mutations connected with FMTC include
mutations in the tyrosine kinase domain and are affecting exon 13 (E768D or Le790Phe, or Tyr791Phe), or
exon 14 (V804L or V804M) and exon15 (S891A)
(BERNDT et al. 1998, BOLINO et al. 1995, FATTORUSO et
al. 1998, PASINI et al. 1997, HOFSTRA et al. 1997). Rare
mutation in codon 630 and insertion of amino acids,
which creates additional cysteine residue in the extracellular cysteine rich domain in family with FMTC was
also detected. (KITAMURA et al. 1997).
MEN 2B specific RET mutation is in 95 % connected with the mutation in codon 918 (exon 16). The result
of this mutation is the replacement of ATG to ACG
(M918/T). (CARLSON et al. 1994). In a minority of MEN
2B cases mutation in codon 883 in exon 15 (A883F)
and double mutation V804M and Y806C was reported
(GIMM et al. 1997, MYAUCHI et al. 1999, SMITH et al. 1997).
In addition, to the association of the MEN 2 syndromes with individual mutations of the RET gene, also
tissue specific alterations were detected. Any mutation
in codon 634 is strongly correlated with the occurrence
of phaeochromocytoma (ENG et al. 1996, MULLIGAN et
al. 1995) while replacement of cysteine to arginine
(C634R) is a frequent mutation in connection with parathyroid hyperplasia (SCHUFFENECKER at al. 1998).
The identification of specific mutations in human
hereditary diseases and the possible use of a variety of
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molecular-genetic approaches to detect these alterations enable the early diagnosis of the disease. Families with hereditary multiple endocrine neoplasia or
sporadic tumors of endocrine origins are predictive
for genetic screening of the mutated RET proto-oncogene. A variety of molecular-genetic methods are
available to detect the RET gene mutations. These
include direct sequencing of the PCR amplified DNA
fragment, restriction enzymes analysis (in the cases
when gene mutations introduce altered restriction
endonuclease site or single strand conformational
polymorphism (Fig. 8).
Analysis of the genomic DNA by genetic screening
can identify 98 % of the mutated gene carriers and provide secure testing of the members of the affected families. The advantage of genetic screening is the detection of MEN 2 specific RET gene mutation in people
without any sign of the disease. Individuals with no
mutation observed in RET gene are not in risk of MEN
2 and are free of further screening. If DNA testing is
positive, prophylactic thyroidectomy early in the life is
recommended.

Fig 8 Detection of germ line missense point mutation in RET
gene, exon 11, TGC CGC, Cys634Arg

Risk factors influencing thyroid cancer recurrence
and cancer death is listed in TABLE 4 as modified from
the NCCN guidelines for the diagnosis and treatment
of thyroid cancer (MAZZAFERRI and KLOOS 2001).

Table 4
Factors predictive of thyroid cancer risk
Factors predictive of high risk
Patient variables

Tumour variables

Age less than 15 and/or more than 45 years
Male sex
Family history of thyroid cancer
More than 4 cm in diameter
Bilateral disease
Extrathyroidal extension
Vascular invasion (both papillary and follicular thyroid cancer)
Cervical or mediastinal lymph node metastases
Certain tumour subtypes: Hürthle cell, tall cell, columnar cell, diffuse sclerosis, insular variants
Marked nuclear atypia, tumor necrosis, and vascular invasion (i.e. histology grade)
Tumours and metastases that concentrate radioiodine poorly or not at all
Distant metastases

Factors predictive of moderate-to-low risk
Patient variables

Tumour variables
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Age from 15 to 45 years
Female sex
No family history of thyroid cancer
Less than 4 cm in diameter
Unilateral disease
No extrathyroidal extension
Absence of vascular invasion
No lymph node metastases
Encapsulated papillary thyroid carcinoma, papillary microcarcinoma, cystic papillary thyroid carcinoma
Absence of nuclear atypia, tumor necrosis, and vascular invasion
Tumors or metastases that concentrate radioiodine well
No distant metastases
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