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The epidemiology of thyroid cancer in the Czech Republicin comparison
with other countries

Jindrich Lukas?, Jiri Drabek®, David Lukas, Ladislav Dusek?, Jiri Gatek®

Background. Thyroid cancer includes a broad spectrum of tumours with different prognoses. The global incidence
has been increasing in recent years. Variables affecting its etiology are dietary, especially iodine intake and to a lesser
extent selenium, environmental, like - ionizing radiation and, increased TSH level. These factors interplay with epigen-
etic and genetic changes within the cell. This review article presents thyroid cancer epidemiology, describes its main
characteristics and the influence of environmental and lifestyle risk factors in the Czech Republic in comparison with
other countries.

Methods and Results. An epidemiological study of Czech patients with malignant thyroid carcinoma was made on the
basis of the National Oncologic Registry (NOR) and Czech Statistical Office data summarized on the web portal SVOD.
The data were compared with international data from the project GLOBOCAN 2008 Cancer Incidence and Mortality
Worldwide. Apart from risk factors, prognostic factors with effect on patient survival were also analyzed. The survey
showed that the incidence of thyroid cancer has been steadily growing in the Czech Republic. Since the beginning of
the 1980s, it has increased 4 fold. It has a higher incidence than most other European countries but it is ranked with
countries with an average and decreasing mortality. Obviously, the improved detection methods do not explain the
growing incidence. The highest incidence is found for papillary carcinoma (PTC), now over 80% of cases. For follicular
and medullar cancers, the incidence has not increased and for anaplastic carcinoma there is a slight decrease. Women
over 40 years of age constitute the highest risk group.

Conclusions. There are a number of reasons for these trends, such as improved diagnostic techniques using ultrasound
and FNAB and more radical surgery. There are also dietary/environmental factors (iodine deficiency and to a lesser
extent selenium), nitrates, polychlorinated biphenyls, increased ionizing radiation, and prolonged increase in TSH. The
prognosis of patients with DTC depends on the age at the time of diagnosis. A favorable prognosis also depends on
timely detection.
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INTRODUCTION

Thyroid tumors represent only 1 to 1.5% of all malig-
nant tumors in humans; however, they are the most com-
mon malignant tumors of the endocrine organs (> 92 %)
(ref.!). In the last 3-4 decades, their incidence worldwide
has been steadily increasing, and this tendency is noted in
the Czech Republic. According to the National Oncologic
Registry (NOR), in the Czech Republic, more than 800
new cases of malignant thyroid cancers were diagnosed
annually in the period 2004-2008.

Thyroid cancers include a broad spectrum of tumors
with different epidemiology, biological activity and prog-
nosis. They occur in all age groups, and between the ages
15 to 45, they are among the 5 most common types of
carcinomas?®. Women are affected four times more often

than men. Histologically, they can be divided into differ-
entiated carcinomas (DTC), anaplastic thyroid carcinoma
(ATC), medullary thyroid carcinoma (MTC), and less
frequently lymphomas or metastases of other malignant
tumors.

DTCs grow from follicular thyroid cells responsible for
the production of colloids and hormones. They are fur-
ther subdivided into papillary thyroid carcinoma (PTC)
and follicular thyroid carcinomas (FTC). The prognostic
factors for well-differentiated carcinomas are related to
age, sex, and disease spread at the time of surgery.

ATC usually arises from a well-differentiated carci-
noma*, and is one of the most aggressive cancers. MTC
is a tumor of the thyroid parafollicular C cells that secret
calcitonin. MTC is much more aggressive than DTC; it
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is accompanied by nodular metastases in more than 50%
of cases?’.

Other malignant tumors also metastasize into the
thyroid and worsen the prognosis: by a direct growth of
squamous cell carcinoma of larynx, hypopharynx and
esophagus. Further, there are hematogenously spread me-
tastases (lung, kidney, and breast carcinomas), malignant
melanoma and retrograde lymphatic spread. A malignant
lymphoma, B-cell non-Hodgkin s lymphoma which has
been confirmed to be coincident with Hashimoto’s thy-
roiditis*®, can also be found in the thyroid. Any node in
the thyroid, revealed in patients with a history of cancer
even after a long period without any local recurrence, is
regarded as possible metastasis.

Improvements in diagnostic technique, especially ul-
trasound-guided fine-needle assisted biopsy (FNAB) and
measurement of serum thyreoglobulin, have resulted in
the earlier diagnosis of the clinical manifestations of DTC.
The detection of less advanced tumour stages leads to less
aggressive and better tolerated treatment methods with
significantly better prognosis, in the place of advanced
stages requiring aggressive treatment’. It is often found
accidentally during ultrasonographic examination of the
neck. However, malignant thyroid carcinoma requires
multidisciplinary cooperation during the diagnosis and
treatment as well as lifelong monitoring of such patients.
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INCIDENCE

The increased incidence of thyroid cancers affects all
races and ethnic groups globally"’. The most common
form is papillary carcinoma, constituting about 85% of all
cases'?. Davies, Welch et al. assume that this is due to the
increased detection of small (< 1 cm), initial forms of can-
cer - papillary microcarcinomas (PTMC) (ref.">7). An in-
crease in the incidence of PTMC has been found in many
European countries and ranges from 5.3% (Switzerland)
to 155.6% (France) in the last 2-3 decades. Similar figures
have been reported in the USA. In 1975, the thyroid car-
cinoma incidence totaled 4.9 cases/100 000 inhabitants/
year, while in 2006 it was 11.0 cases/ 100 000 inhabitants/
year (ref.®?). The Czech Republic occupies the 9™ place
worldwide with an incidence of 6.4 malignant thyroid car-
cinoma cases calculated in age-standardized rate -world
(ASR-W) (Fig.1) (ref.'®). The incidence of the other two
carcinoma types, FTC 10% (ref.?) and MTC 5% (ref.?),
has not changed while for ATC a slight decrease has been
found. The incidence is 1 to 2%, (ref.*) over the same
period of time.

There are geographical differences in the incidence
of thyroid cancer both between countries and, regions
and districts within countries (Fig. 1). For example, in
contrast to the generally worldwide increase incidence, a
decrease has been reported in Sweden - of 18% in both sex-
es, in Norway of 5.8% and in Spain of 25.9% in women’.

In the Czech Republic, there has been an ongoing
growth in the incidence of malignant thyroid neoplasms
since the 1950s. In 1984, 239 new thyroid carcinomas
were diagnosed, in 1994 there were 339 new cases'!, 2003:
400 new cases'?; and in 2007: 500 new cases®. The data of
the National Oncological Registry of the Czech Republic
show that in 2004 - 2008, the average incidence of malig-
nant thyroid neoplasms was 814 cases/year, the prevalence
84.2 diseased/100 000 people and mortality 80 patients/
year (Fig. 2) (ref.').

Further, there are regional differences in incidence
with: highest incidence reported in Hradec Kralové (10.5
cases/100 000 people), and Zlin (10.4 cases/100 000
people) whereas the regions with the lowest incidence of
malignant thyroid carcinomas are Moravskoslezsky re-
gion (5.6 cases/100 000 people) and Liberec region (5.4
cases/100 000 people) (Fig 3).

The trend of increase in prevalence since 1990 is dis-
cernible for both sexes, while it is more pronounced for
women (Fig. 4).

MORTALITY

The thyroid cancer worldwide mortality rate ranges
from 0.2 to 1.2 in men and 0.4 to 2.8 in women /100
000 people. In general, mortality is significantly lower
than morbidity. Even though there are geographical dif-
ferences, thyroid carcinoma mortality rate in the popula-
tion does not exceed 1% (ref."3). In general, mortality is
significantly lower than morbidity®. A slight decrease in
the thyroid carcinoma mortality in recent decades has
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Fig. 2. Age - standardized
incidence and mortality of
malignant neoplasms of
thyroid gland (C73), female
and male population in the
Czech Republic 1978- 2008.
Available from: http//www.
svod.cz.

Fig. 3. Incidence of ma-
lignant neoplasm of thyroid
gland (C73) in regions of
the Czech Republic, 2004-
2008. Available from: http//
www.svod.cz.

Fig. 4. Trends of the
prevalence of malignant
neoplasm of thyroid gland,
(C73) female and male
population in the Czech
Republic, 1990-2008.
Available from: http//www.
svod.cz.
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Fig. 5. Mortality to inci-
dence ratio of malignant
neoplasm of thyroid gland
in the Czech Republic.
Available from: http//www.
svod.cz.

Fig. 6. Mortality to inci-
dence ratio of malignant
neoplasm of thyroid gland
in international compari-
son.
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ranked the Czech Republic among countries with an aver-
age mortality (Fig. 5,6).

RISK FACTORS

Two risk factors have been proved to be connected
with the development of thyroid cancers: ionizing radia-
tion and tissue stimulation by TSH (thyroid stimulating
hormone).

lonizing Radiation

Exposure of the neck and thyroid to ionizing radia-
tion (external or internal), x-rays or gamma radiation in
a dose 10-1000 rad acts as an oncogenic factor and in-
duces RET/PTC (Rearranged in transformation/papillary
thyroid carcinomas) gene rearrangement, and to a lesser
extent chromosomal inversion which leads to cell trans-
formation. To date, twelve RET/PTC fusion genes have
been identified". The most frequent are RET/PTC1 and
RET/PTC3 which cause specific nuclear morphological
changes (deformities of nucleus membrane and chroma-
tin clearing). RET/PTC1 is typical for the “spontaneous
PTC”. Radiation-induced carcinomas are characterized by
the RET/PTC3 gene activation which correlates with the
more aggressive behavior of such cancers'®'s.

Patients are exposed to ionizing radiation during the
radiation treatment of malignant tumors of head and neck
regions and hematological diseases. Until 1960, radiother-
apy was also used for the treatment of benign diseases in
children (e.g. acne vulgaris, tinea capitis, thymic hyper-
plasia or inflammatory diseases of head and neck). This
resulted in radiation-induced damage and an increased
incidence of growth, especially papillary carcinomas, with
a latency period of approximately 20 years. This so-called
radiogenic carcinoma affects about 10% of patients who
had their neck regions exposed to radiation®.

Accidents in nuclear power stations and nuclear
explosions are another cause of contamination by ra-
dionucleotides, e.g. disasters in Chernobyl in 1986 and
Fukushima in 2011, atomic bomb explosions in Nagasaki
and Hiroshima 1945, Bravo hydrogen bomb explosion
above the Marshall Islands, Bikiny, and Eniwetok Atolls
in 1946 - 1958. Children under 10 years of age are the
highest-risk group. The younger the affected individual
is, the higher is their radiosensitivity". Radioactive iso-
topes of iodine enter the human body, depending on the
distance from the epicenter, by two main routes: inhala-
tion, perimeter < 30 km and alimentary (especially milk)
perimeter > 30 km. The extreme uptake of radioactive
iodine into the thyroid leads in the early stage, to acute
radiation thyroiditis and later to autoimmune thyroiditis
and hypothyrosis. In the affected areas, the thyroid carci-
noma risk lasts about 30 years.

After the Chernobyl disaster, there was an extremely
high incidence of thyroid cancers in children in Belarus
and the Ukraine even at the end of 1990. The incidence
of thyroid carcinoma in children increased more than 30
times compared to the situation prior to 1986 (ref.?°). The
highest incidence was found in children, who were in 1986

< 5 years of age and who lived in areas where the radiation
doses reached > 0.50 Gy (gray). lodine deficiency made
the situation even worse?'?2, During the first 4 years after
the Chernobyl disaster, an increase of newly diagnosed
DTC from 2 to 4.6% was found in the Czech Republic.
Another increase in the incidence after 1990 is basically
independent of time; the interannual increase in incidence
of thyroid carcinomas totals 2.6% (ref.?}) and is not associ-
ated directly with the Chernobyl disaster.

Stimulating Effect of TSH and Other Thyroid Diseases

Another factor stimulating thyroid cancer is prolonged
increase in TSH levels leading to altered thyroid activity:
immunological processes leading to the cytokine produc-
tion, production of intracellular fluid as well as other
growth factors and their binding proteins. Increased TSH
levels also predispose to cancerogenic transformations in
radiotherapy-induced damage to thyroid cells and support
primary tumor growth.

Some benign thyroid diseases are associated with thy-
roid carcinomas. The findings of a number of authors
imply that Hashimoto’s thyroiditis is a predisposing factor
for the occurrence of thyroid carcinomas, especially as at
consequence of ineffective and prolonged conservative
therapy>>’. The relationship between the Graves " disease
and thyroid carcinoma has also been studied but no clear
correlation has been found to date™ .

Positive Family Anamnesis

Positive family anamnesis is found in about 3 % (ref.?)
of people with a thyroid carcinoma. Some less familiar
syndromes are associated with the presence of nodes and
carcinomas, the Gardner syndrome (familial colorectal
polyposis and papillary thyroid cancer and benign cuta-
neous and connective tissue growths). Patients with fa-
milial adenomatous colorectal polyposis are at 100 times
greater risk of papillary thyroid carcinoma development
than the rest of the population®!2. This disease is linked
with the APC tumor suppressor gene at chromosome
5q21. Similarly, Turcot s syndrome (large intestine pol-
yposis and breast cancer), connected with papillary and
follicular thyroid cancer, is characterized by the damage
to chromosome 10q22-23 (ref.>!2).

Environmental Influences

Ethnic differences and dietary/environmental factors
also play a role in thyroid carcinoma development, ¢.g.
iodine and selenium deficiency. lodine deficiency threat-
ens almost 2 billion people, and mild deficiency can even
be found in some parts of Europe, such as mountainous
areas of Italy and Greece and lowland Holland. The hu-
man organism is exposed to various forms of radiation?.
In the Czech Republic, lifelong exposure to radiation of
the population includes internal radiation from natural ra-
dionuclides, external radiation from the earth and natural
radon radiation in houses. Spontaneous radiation and the
impact of volcanic environments (prevalence of basalt),
with increased concentrations of various chemical ele-
ments (e.g. B, Fe, Va and ?22Rn) in drinking water. Such
areas are for example Iceland, Hawaii and Sicily®. See
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Fig. 7. Geological radon risk prognosis map of the Czech Republic. Available from: www.geologicke-mapy.cz

the geological radon risk prognosis map of the Czech
Republic (Fig. 7). Pollution of the environment by poly-
chlorinated biphenyls. Increased intake of nitrates (i.e.
from green vegetables and ham) leads to increased risk
of thyroid carcinoma in men?®.

Improved Diagnostic Methods

The reported increased incidence of malignant thy-
roid carcinomas can also be ascribed to improved clinical
and laboratory tests. The greater sensitivity of diagnostic
methods such as, ultrasound-guided fine needle aspira-
tion biopsy (FNAB), which enable sufficient amounts of
cytological material even from tumors with a diameter of
2 mm?, and measurement of serum thyroglobulin (Tg)
in aspirated fluids, has probably contributed to the ap-
parent dramatic increase in incidence of thyroid cancers,
especially microcarcinomas (MC) (ref.?®).

PROGNOSTIC FACTORS

Tumour Factors
Histological Form of Tumors

The histological form of the tumor is important for
disease prognosis; papillary carcinoma (PTC) is a tumor
with a very good prognosis and greatest survival rate.
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More than 85% patients survive 40 years of age*. There
are also other histological subtypes of papillary carcino-
ma, and the most common is the follicular variant. In this
form, the typical cellular characteristics of PTC are pre-
served (intranuclear inclusion and clear nuclei). Cells cre-
ate microfollicles (rosettes) but lack papillary fragments,
inspissated colloid and large multinuclear cells. Its clinical
behavior is the same as for the papillary form.

Tall cell variant of PTC is characterized by a distinct
cell shape, where the height of cells is at least double their
width. The tumor is angio-invasive, spreads aggressively
and tends to later loco-regional recurrence.

Insular carcinoma is a variant of FTC and is char-
acterized by solid clusters of small follicles resembling
pancreatic islets. This carcinoma is classified as a poorly
differentiated carcinoma with highly aggressive behavior.
Fig. 8 shows the incidence of individual forms of malig-
nant carcinomas in the Czech Republic.

Tumor Size

The tumor size also correlates with the incidence of
loco-regional and distant metastases. Mazzaferri et al. ob-
served tumors sizes for 30 years and reported 0.4% (ref.*%)
mortality rate in patients with tumors smaller than 1.5
cm, compared to patients with tumors > 4.5 cm, where
the mortality was 22% (ref.’?).
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Source: National Cancer Registry of the Czech Republic
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Lymph Node Metastases

There has been a lot of discussion regarding the sig-
nificance of loco-regional lymph node metastases. Some
studies imply that the presence of lymph node metastases
does not have any impact on the prognosis®+2. In con-
trast, other authors consider the presence of lymph node
metastases a negative prognostic factor, especially in the
case of bilateral and contralateral cervical lymph node
metastases****. The prognosis in the case of affected nodes
depends on the age, when the disease manifested. Local
metastases into cervical lymph nodes in patients under 40
years of age do not influence their survival rate, whereas
in patients over 40 years of age metastases into cervical
lymph nodes mean an unfavorable prognosis'>.

Extrathyroidal Extension

At the time of diagnosis, extrathyroidal extension is
revealed in more than 30% (ref.*°) of patients with PTC.
Local invasion can affect surrounding muscles, esopha-
gus, trachea, blood vessels, and neural structures. Even
microscopic spread of a tumor through the gland capsule
is connected with a higher risk of recurrence and higher
probability of metastases into cervical lymph nodes. The
larger the tumor the higher is the probability of local in-
vasion’"*,

Distant Metastases

Distant metastases occur in about 10% (ref.*’) of pa-
tients with PTC and FTC: Fortunately, only half of them
are present initially. Distant metastases are the main cause
of death®. They are mainly located in the lungs and bones.
Most patients develop distant metastases in the lungs;
over 50% (ref.*®) have this involvement alone, 25% (ref.3¢)
have bone involvement alone, 20% (ref.3¢) have both lung
and bone involvement and about 5% (ref.>®) develop dis-
tant metastases in other sites.

Oncogenes

The study of oncogenes and their ability to predict the
clinical behaviour of thyroid cancers has been intensively
investigated. The most studied of these oncogenes, is the
B raf proto-oncogene (BRAF). The clinical significance of
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the mutation in terms of patient outcome is controversial.
Elisei et al. and others reveals a significant correlation
with the worst outcome for patients with PTC. The pres-
ence of a BRAF mutation is associated with extrathyroidal
invasion, multicentricity, nodal metastases, higher-stage
disease, older age at initial presentation, and higher like-
lihood of recurrent or persistent disease”3%. Conversely,
other studies have not shown any significant relationship
between the presence of a BRAF mutation and clinical
outcome®.

Patient Variables
Gender

Thyroid diseases affect women 8-10times more often
than men. More frequent diagnostics of tumors is prob-
ably connected with their higher incidence and also with
a more frequent diagnosis of thyropathy. Women signifi-
cantly outnumber men 4:1 in incidence of thyroid carci-
nomas. A decreased in thyroid function affects about 4-5
% of women of fertile age and about 10-15% of examined
women over 65 (ref."). Thyrotoxicosis is diagnosed in 1%
(ref.3) of the adult population, again more often in wom-
en. The disease etiology changes with age; a younger age
it has immunogenic character (Graves “disease), and in
the elderly population thyrotoxicosis is based on thyroid
tissue autonomy (toxic nodular goiter, toxic adenoma).
However, in men the tumours are substantially more ag-
gressive>310,

Age

At the time of diagnosis, age is a main independent
prognosis indicator. After the age of 40, recurrence and
mortality rates increase linearly. Older patients have lo-
cally more aggressive growths, more aggressive histologi-
cal forms of carcinomas and higher incidence of distant
metastases. Further, patients over 65 have worse dosimet-
ric parameters of radioactive iodine accumulation?.

Kumar et al. proved that PTC in children under 10
years of age is also more aggressive, with loco-regional
metastases in 83% of cases and distant metastases in 67%
(ref.*9). In the Czech Republic, the average age of patients
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with a malignant thyroid neoplasm is 53 years, median 55
and range 5-96 years (Fig. 9).

Tumor Staging System

Determination of the disease stage according to
TNM is necessary for a good assessment of prognosis.
Unfavorable findings, which increase the disease stage,
are tumor size over 4.5 cm, spread outside the thyroid
capsule, presence of distant metastases at the time of di-
agnosis, and age over 40. This has a significant impact
on the proposed therapy, especially the scope of surgery.
In patients at advanced stages, there is 50% (ref.?) risk of
death within 15 years. Advanced carcinoma stages are
more often found in men (Fig. 10).

In the last decade, there has been a significant increase
in the number of newly diagnosed small thyroid carci-
nomas, which are reported as microcarcinoma (PTMC)
(ef13:41) These carcinomas are < 20 mm in size. They rep-
resent minimum risk, and constitute 53% of all malignant
thyroid cancers. They have almost no biological activity.
For this reason, the prognosis is favorable. Nevertheless,
most authors regard such microcarcinomas as clinically
significant lesions, especially if they are multifocal and
affect both lobes (bilateral finding). They can threaten
the patient by a local growth and by the occurrence of
regional or distant metastases’.
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Extent of Surgery

There is no uniform opinion on the extent of surgery
in the case of PTMC. Most surgeons consider hemithy-
roidectomy with subsequent postoperative substitution
adequate in the case of monofocal PTMC without metas-
tases into regional cervical lymph nodes. Total thyroid-
ectomy is required in the case of multifocal PTMC or
tumors of higher TNM stage. This surgery allows postop-
erative optimization using the I-131 therapy, easier moni-
toring of the disease on the thyroglobulin levels, decrease
in loco-regional recurrence, and improved prognosis’'33+2,

CONCLUSION

The incidence thyroid cancer has been steadily grow-
ing in the Czech Republic. Since the beginning of the
1980s it has increased four times. Compared with other
European countries, it is classed as a country with a high
incidence. At the same time it is ranked among countries
with average and decreasing mortality. Obviously, the
improved detection methods do not explain the growing
incidence. There are a number of reasons for the trends,
such as improved diagnostic techniques using ultrasound
and FNAB and more radical surgery. There are also di-
etary/environmental factors such as - iodine deficiency
and to a lesser extent selenium deficiency, the influence
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of nitrates, polychlorinated biphenyls, increased ionizing
radiation, and prolonged increase in TSH. The progno-
sis of patients with DTC also depends on the age at the
time of diagnosis. A favorable prognosis also depends on
timely detection.
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