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PTC - Papillary thyroid carcinoma
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INTRODUCTION

Thyroid nodules are very common and are usually discovered during routine
medical care. It is estimated that 5% of the general population develops clinically
palpable thyroid nodules. With the emergence of ultrasound (US) impalpable thyroid
nodules can be detected in 20-67% of general population (1, 2). Most of the discovered
nodules are benign, however, increase in thyroid cancer incidence has been reported.
Accurate diagnosis of thyroid nodules is critical for proper clinical management.
Thyroid cancer represents ~5-24% of thyroid nodules and ~1-2% of all malignancies
(3). Papillary thyroid carcinoma (PTC) constitutes about 80% of all thyroid
malignancies (4).

Differential diagnosis of thyroid nodules could be difficult due to overlapping
morphological features. As a result, up to 85% of patients with suspicious cytology, who
subsequently undergo surgery, have benign lesions (5).

Today, in scientific publications many attempts have been described to find
additional criteria to distinguish follicular adenomas from carcinomas, in both surgical
and fine-needle aspiration (FNA) cytological specimens. A growing number of
molecular or immunohistochemical (IHC) markers have been identified and tested with
considerable variability in the outcomes of these studies.

In this study we evaluate the usefulness of applying the panel of six
commercially available IHC markers: Hector Battifora mesothelial antigen-1
(HBME-1), neural cell adhesion molecule 56 (CD56), epithelial cadherin (E-CAD),
cyclooxygenase-2 (COX-2), antigen Ki-67 (Ki-67) and protein 53 (p53) on histological
samples of benign and malignant thyroid nodules. The most promising markers were

further tested on a FNA cytology of the thyroid.

Aim of the study: to evaluate the diagnostic value of molecular markers in

management of thyroid nodules.



To achieve this goal, the following objectives were set:

1. To determine and evaluate diagnostic accuracy of molecular markers (HBME-1,
COX-2, E-CAD, CD56, Ki-67 and p53) on histological samples of benign and
malignant thyroid lesions.

2. To establish the panel of markers that can be recommended as an adjunct to
morphology criteria.

3. To test the panel of markers before operation in thyroid FNA
immunocytochemistry.

4. To develop practical recommendations in management of benign and malignant

thyroid nodules.

Working hypothesis

1. Selected molecular markers (HBME-1, COX-2, E-CAD, CD56, Ki-67 and p53)
are useful as an adjunct to morphology criteria of thyroid pathology.

2. Expression of each marker differs and the combination of several markers raises
the diagnostic accuracy.

3. It is possible to develop technology for immunocytochemical markers on FNA
samples.

4. Preoperatively clinically and radiologically indeterminate findings of thyroid
nodules could be supplemented by immunocytochemical investigation of FNA

biopsy samples.

Scientific and practical diagnostic novelty

From six molecular markers previously not thoroughly analysed and with
equivocal published diagnostic value, HBME-1, E-CAD and CDS56, in our study
showed promising results to differentiate between benign and malignant thyroid
nodules. Technology for immunocytochemical (ICH) analysis of thyroid FNA biopsy
material was customised and applied. In the similar way biopsy material could be

analysed in the other fields. To our knowledge, this is the first time in Latvia when



technology of ICH analysis of FNA biopsy material of the thyroid was used.

Personal contribution

The author was involved in all stages of the study, including the study design,
selection of the markers, thyroid operations with further patients management as well as
participating in thyroid US investigation and FNA biopsies. The literature review,
scientific measurements, statistical analysis and interpretation were performed by the
author. The author supervised processes of immunohistochemical visualisation and is

the author of the demonstrated microphotographies.

Ethical concerns

The study was approved by the Committee of Ethics Pauls Stradins Clinical
University hospital, reference Nr. 151209-3L.



1. LITERATURE REVIEW

1.1. Thyroid embryology

The thyroid is the first endocrine gland to develop in the embryo and it is first
identifiable during the fourth week of gestation. It begins as an endodermal invagination
of the tongue at the site of foramen cecum. It lies were the sulcus terminalis divides the
tongue into anterior 2/3 (oral part) and posterior 1/3 (pharyngeal part). As the embryo
lengthens and the tongue primordia grows, the thyroid diverticulum descends inferiorly
to the hyoid bone and the larynx. The thyroglossal duct continues to connect the thyroid
to its origin in the tongue until it reacher its destination in the neck and, its distal end
may form pyramidal lobe (6). Complete failure of descent of the thyroglossal duct
results in a lingual thyroid, located at the base of the tongue and may be responsible for
lingual goiter. During the descent in the fifth week, the superior part of the duct
degenerates, but remnants may persist and this serves as the embryological basis for the
formation of the thyroglossal duct cysts as well as nodules within pyramidal lobe. About
1% of thyroglossal cysts contain papillary thyroid cancer. To avoid persistent or
recurrent disease it is essential to systematically search for pyramidal lobe when
performing total thyroidectomy because it is present in 30-40% of patients (7). By this
time, the gland has achieved its rudimentary shape with two lobes and isthmus. During
the descent in seventh week it reacher the level of cricoid cartilage and by the twelfth
week of development, thyroid hormone is secreted (8, 9).

The gland is composed of two types of secretory cells: follicular cells that arise
from the embryonic foregut and calcitonin-producing C cells that are derived from the
neural crest and migrated from the fourth and fifth brachial pouches. The C cells
eventually populate the entire gland. Tubercle of Zuckerkandl can be seen as a slight
nodular thickening at the junction of the superior and middle third on the posterior
surface of the gland where the lateral lobes meet the main thyroid body. As the heart,
great vessels and thymus descend, it is drawn toward the superior mediastinum. The
thymus separates, leaving the thyrothymic ligaments as remnants of their connection.

When the endoderm from the fourth brachial pouch is pulled down in the descent of the



primitive thymus, retrosternal thyroid components are formed. Care must be taken to
search for these extensions of thyroid tissue to prevent persistence or recurrence of
disease when thyroidectomy is performed (10).

Ectopic thyroid tissue may occur at any point along the pathway of the descent
of the thyroid. In rare instances, struma ovarii may arise and be responsible for

thyrotoxicosis or malignancy with peritoneal metastasis (11).

1.2. Thyroid anatomy

The normal adult thyroid gland weighs between 15-20 grams and lies caudal to
the larynx and encircles the anterior and lateral aspects of the first several rings of the
trachea. The right and left lobes of the thyroid are joined at the midline by a bridge of
tissue called the isthmus. The anterior surface of the thyroid is related to the deep
surface of the sternothyroid, sternohyoid and omohyoid muscles. In the midline these
muscles are absent. These paired muscles aid in swallowing. If the sternothyroid and
sternohyoid muscles are to be divided transversely, it must be done at the cricoid level
to preserve their motor nerve ansa hypoglossi. Medially, the superior part of the thyroid
is related to larynx and laryngopharinx but the inferior part of the thyroid is related to
the trachea and the esophagus. Laterally the gland is related to the carotid sheath, which
contains the common carotid artery, the internal jugular vein, and the vagus nerve (11).

Approximately 50% of people have a pyramidal lobe, which is a remnant of the
distal end of the thyroglossal duct and is usually located just to the left of midline. The
normal thyroid is soft, dark wine-red in colour, and surrounded by a thin, fibrous
capsule which posteriorly blends with the pretracheal fascia. A thickening of this fascia
attaches the gland to the cricoid cartilage and the upper tracheal rings and is called the

posterior suspensory, or Berry’s ligament (9).

1.3. Thyroid physiology

The parenchyma of the thyroid consists of two major cell types, the thyrocytes
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and C cells. The thyrocytes release thyroid hormones and the C cells secrete mature
calcitonin. Thyroid function is regulated by a negative feedback loop involving the
hypothalamus, pituitary, and thyroid gland (12). Thyrotropin releasing hormone (TRH)
is released from the hypothalamus into the portal circulation of the pituitary where it
stimulates to release thyroid stimulating hormone (TSH). The two main thyroid
hormones are produced by the follicular epithelial cells of the thyroid glands: thyroxine
(T4) which accounts for about 80% and to a much lesser extend (~20%) triiodothyronin
(T3). Thyroid hormones are almost entirely bound to plasma proteins and only a small
percentage circulates in the free, bioavailable form. The TSH induces the resorption of
stored iodinated thyroglobulin (TG) from the colloid and its transportation from the
apical to the basal surface of the thyroid follicular cell. During this transport, T4 and a
smaller amount of T3 are released from the TG molecule and then into the circulation.
Thyroid hormone levels are a balance between the amount released by the thyroid gland
and the amount entering the tissues, especially the liver and kidney (13).

Four T3 nuclear receptors have been discovered: al, a2, B1, and B2 isoforms.
The B2 receptors are specific to the pituitary gland and plays a major role to the
phenomenon of TSH suppression by thyroid hormone negative feedback loop (13).

Thyroid hormones are synthesized from iodide, under the control of TSH, in
reactions that occur on the backbone of TG. TSH binds to membrane receptors on
follicular cells and stimulates production of cyclic adenosine monophosphate (cAMP),
which leads to increased uptake of iodine into the follicular cells. Thyroxine is produced
by attaching iodine atoms to the ring structures of tyrosine molecules. Thyroxine T4
contains four iodine atoms. T3 is identical to Ts, but it has one less iodine atom per
molecule. A sodium - iodine (Na/I) symporter pumps iodine (I)) actively into the cell,
which previously has crossed the endothelium. The iodine enters the follicular lumen
from the cytoplasm by the transporter pendrin, in a passive manner (14). In the colloid,
iodine (I') is oxidised to (I°) by an enzyme called thyroperoxidase (TPO). Thyroid
hormones are then synthesized by reaction with the enzyme TPO, iodine is bound to
tyrosine residues within matrix of the TG. In the first reaction tyrosine residues in
thyroglobulin to form monoiodotyrosine (MIT) and diiodotyrosine (DIT). In the second
reaction, MIT and DIT condense to form T3, whereas two molecules of DIT condense to

form T4 (15). In conditions of iodine-sufficient intake, the predominant iodothyronine
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synthesized by the thyroid gland is T4 (16).

Antithyroid drugs can reduce thyroid hormone production by interfering with
iodine oxidation. lodine uptake against a concentration gradient is mediated by a
sodium-iodine symporter and is linked to a sodium-potassium (Na*/K*). Antithyroid
drugs can compete with iodine at this point.

The thyroid gland contains a very large store of thyroid hormone, which can last
for several weeks in absence of the formation of new hormones (17).

TG is a polypeptide containing an average of 140 tyrosine residues. The
synthesis of TG occurs exclusively in the thyroid gland, where homodimers are formed
in the endoplasmic reticulum before being transported into the apical lumen of thyroid
follicles. Defects of TG synthesis usually cause moderate to severe hypothyroidism in
association with low circulating TG levels. lodination of tyrosine increases with
increasing extracellular concentration of iodine to a maximal rate. Above the
extracellular iodine concentration (about 25 pg/dl), iodination of tyrosine is inhibited.
This phenomenon is called Wolff-Chaikoff effect and is the basis for acute treatment of
hyperthyroidism with exogenous iodine. However, after about 2 days there is an
adaptation to this effect that spontaneously decreases the transport of iodine into the
follicular cell, even in the presence of continued high plasma iodine concentration thus
recurrence of euthyroidism or hyperthyroidism occurs. A minimum of 75 pg of dietary
iodine intake is required daily for adequate thyroid function (6).

TPO is a membrane-bound glycoprotein that is localised to the apical membrane
of the follicular cell and the peroxidase reactions occur at the cell-colloid interface (16).
In the follicular lumen TPO catalyses the coupling of two DIT to form T4 or thyroxine,
or coupling of MIT and DIT to form Ts. Normally, about 80 pg of T4 and 6 pg of T3 are
made each day.

Once released into the circulation, 99.95% of T4 and 99.5% of T3 are bound to
several serum proteins, termed thyroxine-binding globulin (TBQG), transthyretin, and
albumin. TBG is a glycoprotein produced in liver that contains only one binding site per
molecule. TBG is responsible for the transport of more than 3/4 of the thyroid hormone
in the blood, and its levels are significantly increased by elevated levels of estrogens, as
occurs in pregnancy. Thyroid hormone bound to these proteins is in equilibrium with

the unbound (free) thyroid hormone - the biologically active component of circulating
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T4 and T3 (18). In adults, the half-life of T4 is about 7 days, because T4 has a much
higher binding affinity with its carrier proteins, whereas T3 carrier protein bond is
relatively weak, resulting in a short serum half-life of about 12 hours. The concentration
of TBG is influenced by drugs, hormones and disease states. These conditions may alter
the plasma concentration of total T4 or T3, even though the concentration of the active
forms, free T4 and T3, may be unaltered, therefore measurement of total T4 or total T3 is
unreliable as an indicator of thyroid function (6).

Most of free T4 is converted to T3 in the liver and many other tissues by the
action of two deiodinases with characteristic tissue distribution. Type I deiodinase is
predominant in liver, kidney, and thyroid, whereas type II is present in the central
nervous system, pituitary, placenta, brown adipose tissue, cardiac and skeletal muscle,
and thyroid. These differences in distribution and regulation may explain some tissue-
specific variation in thyroid hormone action.

Thyroid hormone affect protein, fat and carbohydrate metabolism through
several mechanisms. The major effects of thyroid hormone action occur through the
intranuclear action of T3, with T4 being largely a prohormone (19). It is controversial
whether T4 regulates non-nuclear biologic responses, for instance, the activation of
certain mitochondrial or cell-membrane enzymes. Tata with co-workers in 1960s,
observed that T3 treatment resulted in the rapid synthesis of nuclear RNA, which
preceded increases in protein synthesis and mitochondrial oxygen consumption (20).
The anterior pituitary, liver, brain, and heart are having high binding capacity for Ts due
to specific Tz nuclear binding sites (19, 21). The current idea of thyroid hormone action
is that its nuclear receptor binds to specific regulatory regions in target genes and
regulates gene transcription in response to T3 (19-23). The clinical manifestations of
thyroid hormone action are the net result of the actions of the products of the various
genes whose expression is regulated by T3 (19).

Virtually no organ or tissue escapes the effect of thyroid hormone which occur
through the intranuclear action of T3, with T4 being largely a pro-hormone. Sufficient
amounts are necessary for brain development, normal growth and metabolism. (22, 24).

Normal amounts of thyroid hormone are necessary for the production and
release of growth hormone. T3 increases intestinal absorption of glucose and increases

muscle and adipose tissue uptake of glucose as well as enhances the glycogenolytic and
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hyperglycemic effect of adrenaline. Hyperthyroidism leads to a worsening of blood
glucose control due to increased glycogen conversion. T3 also speeds up the degradation
of insulin.

T3 decreases lipid stores and usually plasma lipid concentrations in case if
thyroid hormone excess, hence this often results in a lowering of plasma cholesterol and
triglyceride levels.

Vitamin metabolism is also affected by thyroid hormone. In case of thyroid
hormone excess, requirements for water-soluble vitamins increases greatly.

Calcitonin is secreted by the parafollicular C cells located in the lateral lobes of
the thyroid. It inhibits osteoclastic bone resorption, but the physiologic concentration of
calcitonin have never been proven to have an important influence on calcium
homeostasis. Calcitonin acts through specific cell surface receptors located
predominantly on the surface of osteoclasts. These receptors have also been found in
renal tubular epithelium, neural tissue, and lymphocytes (25, 26). Secretion of the
hormone is increased in the presence of elevated levels of serum calcium. Calcitonin
secretion can be stimulated by a number of techniques, including calcium infusion and
pentagastrin infusion. As parafollicular cells are cells of neuroendocrine origin, they
may lead to a neuroendocrine malignancy called medullary thyroid carcinoma. These
rare tumours comprise ~ 5% of thyroid cancers and are familial in 20% of patients.
Medullary thyroid cancer is a component of the Multiple Endocrine Neoplasia (MEN)
Type Ila and IIb syndromes. Plasma calcitonin serves as a tumour marker to diagnose
and monitor the activity of these tumours (6). Calcitonin does not cause a lowering of
serum calcium levels, because in patients with MEN, in which calcitonin levels may be
many thousands of times the normal level, hypocalcemia is not seen. Similarly, in

patients after total thyroidectomy, calcium metabolism remain normal (27).

1.4. Etiology of thyroid nodules

In the vast majority the histological nature of thyroid nodules reveals either a
cystic or solid adenoma or a colloid nodule. Both represent various stages of nodule

formation and degeneration within a nodular thyroid gland. 30% of nodules represent
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mixture of solid and cystic components, with pure thin-walled cysts being very rare
(28). The risk of a concomitant thyroid cancer within a longstanding multinodular gland
has been well investigated and is similar to that in a solitary thyroid nodule (29-34).

Most of the discovered nodules are benign, however, there are approximately
44,000 estimated new cases of thyroid cancer and 1700 estimated deaths in 2010 in the
United States (35). The yearly incidence has increased from 3.6 per 100,000 in 1973 to
8.7/100,000 in 2002 - a 2.4x increase and this tendency appears to be continuing as
shown in Figure 1.1. (36). This is due to an increase in papillary thyroid cancer (PTC),
which increased from 2.7 to 7.7/100,000 - a 2.9% increase (36).

Data shown in Figure 1.2. represents that the major part of the yearly increase is

the result of increased detection of small cancers, in this case small PTC.
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Figure 1.1. Trends in Incidence of Thyroid Cancer (1973-2002) in the United States.
(Poorly differentiated indicates anaplastic and medullary cancers.)
Reprinted from JAMA, May 10, 2006—Vol 295, No. 18

Benign thyroid disorders are among the most common diseases in Germany,
affecting about 15 million people and leading to more than 100,000 thyroid surgeries
annually (37, 38)
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Figure 1.2. Tendency in Incidence of Papillary Thyroid Cancer by Size (1988-2002) in the
United States.
Reprinted from JAMA, May 10, 2006—Vol 295, No. 18

The yearly incidence of thyroid cancer in Latvia has increased from
2.59/100,000 in 1991 to 9.39/100,000 in 2011. It is 3.62% increase and we think that this
tendency will be continuing to rise (39, 40)

More than 80% of the malignancies present in palpable thyroid nodules are PTC,
followed by follicular cancers (FC) and the much rarer anaplastic carcinomas. Thyroid
cancer represents ~1-2% of all malignancies and 90% of all neiroendocrine tumours (3).
High prevalence of PTC is accountable with to high percentage of microcarcinomas
(36) which according to World Health Organisation (WHO) histological classification
of tumours are papillary carcinomas 10 mm or less in its maximal diameter. Chow et al.
reported data from Queen Elizabeth hospital in Hong Kong, were percentage of
microcarcinomas have raised from 5.1% in period 1960-1980 to 21.7% in 1991-2000
respectively (41). Data from University of Wisconsin point out 42% prevalence of
microcarcinomas and University Ferrara 40% respectively (42, 43). In conformity with
it the incidence of thyroid cancer doubled over the past 30 years and 87% of the
increase is due to diagnosis of small papillary cancers. Medullary thyroid carcinoma

(MTC) and thyroid lymphomas are less frequent tumours (44).
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Despite increasing incidence, the mortality from thyroid cancer has remained
stable over the last decades. Thyroid cancer - specific mortality was approximately 0.5

death / 100,000 in 1973 and it is the same in 2002 as shown in Figure 1.3. (36).

Incidence

Rate per 100000

Mortality

1973 1976 1979 1982 1985 1988 1991 1994 1997 2000
Year

Figure 1.3. Thyroid Cancer Incidence and Mortality, 1973-2002.
Reprinted from JAMA, May 10, 2006—Vol 295, No. 18

1.5. Pathogenesis of thyroid nodules

Iodine deficiency (intake/absorption/excretion). The prevalence of thyroid
nodules and multinodular goiters depends on the iodine intake, and it is lower in iodine-
replete areas. It is considered that iodine deficiency is the most frequent factor
contributing to development of multinodular goiters, affecting over 1.5 billion persons
worldwide in 1990. However efforts by the World Health Organisation and private
organisations were successful in reducing the number of persons with inadequate iodine
intake (45). Even in iodine-sufficient regions the occurrence of clinically detectable

nodular thyroid or sporadic goiters is observed in up to 4-7% of the population (46, 47).
External radiation to the neck during childhood is the best established
environmental risk factor for the development of thyroid cancer (28, 48). Between 1940

to 1960, radiation was used as a treatment for thymic enlargement, recurrent tonsillitis,
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adenoiditis, otitis media and dermatological conditions. This therapy has now clearly
showed to be associated with an increased incidence of benign and malignant nodules.
External radiation has been shown to increase the risk of malignancy for a thyroid
nodule to approximately 40% (49), therefore, a history of neck irradiation clearly
influences surgical management, lending support toward a more aggressive approach.

After the accident on April 26, 1986, at the Chernobyl nuclear power station,
which is located at the north of Ukraine close to the borders of Belarus and Russia, over
10'8 Becquerels of radioactivity were released into the environment (50). Due to
changeable weather, radioactive pollutions have been detected to some extent in many
European countries and even in the North America, but the heaviest contamination
occurred in Belarus, Ukraine, and western parts of Russia. The spectrum of ejected
isotopes included over four hundred of different radionuclides with large amounts of
radiologically important 13T and '3Cs.

The incidence of thyroid cancer in areas around Chernobyl increased 6 - to 500x
compared with previous years, depending on the distance of from the accident site. The
latency period between the nuclear accident and diagnosis of thyroid cancer as
relatively short ~6-7 years. Subjects less than 5 years of age or who were not born yet at
the time of the nuclear accident accounted or majority of cases (51-53). A sharp increase
in the incidence of thyroid cancer in exposed children in 1990-1993 peaked about a
decade ago in the three most affected countries, shown in Figure 1.4. (54). The
incidence rates are from 2.8/100,000 during the 1986—-1989 period to 21.2/100,000
when viewing the longer time interval of 1986—-1995 (55). Age at diagnosis was usually
< 14 years, which was younger than the sporadic thyroid cancers in children not related
to the nuclear accident. The majority of cases were papillary thyroid cancers (~95%),
which often showed greater aggressiveness at presentation, such as extra-thyroidal

extension, venous invasion, and lymph node metastasis (53).
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Figure 1.4. The Chernobyl disaster on 26 April 1986.
Reprinted from Science. 1995; 270(5243): 1758-9

Nowadays, 20 years after the Chernobyl tragedy, incidence of thyroid cancer in
children in the affected countries decreased to the levels just somewhat elevated
compared to the pre-accident rate (56).

It 1s found that geographical factors may play a role in PTC, which has been
found to have an increased incidence in iodine rich regions, while the incidence of FC is

increased in iodine deficient endemic goitrous areas (57, 58).

Multifactorial heredity. A family history of endocrine disease and medical
history which includes symptoms of pheochromocytoma or hyperparathyroidism, long
standing constipation and/or diarrhea, hypertension and/or episodes of nervousness,
should alert to the possibility of medullary thyroid carcinoma (MTC) in association with
familial MEN Type II syndrome. MTC may be familial in 20% of the time, occurring in
the MEN Type Il syndromes, or may be sporadic but rarely is a non-MTC when thyroid
cancers occur in two first-degree relatives. PTC is also occasionally familial and has
been described with familial adenomatous polyposis (Gardner‘s syndrome) and ataxia-
telaniectasia (59, 60).

Over the past decades the pathogenesis of nodular goiter formation has been

intensively studied and debated. Usually it is thought that the presence of elevated TSH
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level, for example in situations of iodine deficiency, is the prime stimulus leading to
thyrocytes proliferation and the formation of a diffusely enlarged gland already during
childhood and adolescence (61, 62). Presumably, elevated TSH level plays the key role
in pathogenesis of nodular goiter, however angiogenic factors as well as signal
transduction systems are investigated (63).

Lately modified idea about development of thyroid nodules has emerged,
whereby the thyroid has specific impulse to form nodules with age, and that this
impulse is amplified by additional factors, such as iodine deficiency and elevated TSH

level, further contributing thyrocytes proliferation and nodule formation (64).

1.6. Approach to thyroid nodules

Thyroid nodules are very frequent finding and their prevalence steadily increases
with age. Nodular thyroid disease refers to the presence of a solid nodule, a
multinodular gland, or one or more cystic lesions. The primary goal in the evaluation of
the thyroid nodule is to distinguish those nodules that require surgical intervention from
those that can be safely observed. Grave’s disease and chronic lymphocytic
Hashimoto’s thyroiditis can conduce the nodules to develop, as may subacute de
Quervain’s thyroiditis or an infection (65). While typically minimally aggressive,
thyroid cancer can be lethal, therefore the question rises of how incidentally discovered
lesions should be investigated in cost-effective and safe manner to identify the rare
patient with a clinically significant malignancy.

It is estimated that 5-7% of adults have clinically detectable nodule in the
thyroid and with the emergence of modern US techniques detecting thyroid nodules of a
few millimetres, the frequency of nodularity was estimated at 16-67% in unselected
subjects (66, 67). In autopsy series, the incidence of thyroid nodules in apparently
normal thyroid glands is till 40% of cases, with nearly 40% of these nodules being
larger than 2 cm (68, 69). From such studies it becomes apparent that thyroid nodules
are extremely frequent in the normal population, and their prevalence increases with

advancing age.
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Starting at the age of 20, the prevalence of nodules detected by palpation
increases by 1% for each decade of age or by 10% per decade if detected by US (70).
About half of such patients present with a solitary nodule, while the other half harbours
multiple nodules. When the palpation is used as the method of detection, nodules are
found in 5-20% of normal population, most of which exceed the size of 1 cm, which is
usually the threshold for detection by physical examination. As for the nodules detected
by US, nearly 50% of patients with a clinically solitary nodule have a multinodular

gland (71).

1.6.1. Clinical evaluation of thyroid nodules

Most thyroid nodules are asymptomatic and are usually discovered by the
patient themselves or by the physician during routine medical care, however the absence
of symptoms does not rule out malignancy. A great deal of thyroid nodules are detected
during a radiological examination of the neck.

Usually medical concerns according to the thyroid nodules revolve around three
questions: 1) the presence of thyroid disfunction; 2) the presence of malignancy; 3) the
likelihood of a progressive increase in size of the nodule eventually leading to
symptoms (28).

Evaluation of a patient with a thyroid nodule should begin with a comprehensive
history and physical examination focused on the thyroid gland and cervical lymph
nodes. Patients commonly report a lump in the neck found during palpation. According
to single and multiple nodules, current evidence suggests that when a dominant nodule
appears in a multinodular gland, the risks of malignancy are probably the same as those
in a true solitary nodule (72, 73). According to Bouhabel et al. the likelihood of thyroid
cancer is independent of the number of thyroid nodules. Moreover, the malignancy rate
is not influenced by the distribution of the nodules or their size (74).

The factors like young and old age, male gender, history of head and neck
irradiation, family history of thyroid carcinoma, rapid growth and hoarseness can
predict malignancy, however malignant nodule can also be extremely slow growing,

present for many years before diagnosis is made. Any nodule developing before puberty

21



should be viewed with suspicious. It has been estimated that more than half of all
thyroid nodules in children prove to be malignant (75).

The incidence if malignancy is also higher in nodules that develop after the age
of 65. Benign nodules are more common in both males and females; however, thyroid
nodules are five times more frequent in females. The proportion of malignant nodules in
males is twice that of females but as nodules are much more frequent in women, more
cancers are still found among women (29, 65).

Very rapid development, such as over hours or days, would suggest a thyroid
cyst or haemorrhage. Specific symptoms that would be worrisome of malignancy are
dysphagia, voice change, coughing, choking, dyspnea, sudden increase in size and
cervical lymphadenopathy (76).

Nowadays most experts are agreed that palpable solitary nodules above 1 cm
should be investigated in euthyroid patients (66, 77). The kind of limit is warrant by the
very low recurrence rate and the virtually absent mortality for differentiated thyroid
cancers below 1 cm (28, 78).

Because of the possible presence of an autonomous nodule, Graves’ disease, or
Hashimoto’s thyroiditis it is important to rule out hyperthyroidism or hypothyroidism
by measuring a serum TSH level before going on with the evaluation of a nodule.

In a multinodular gland of a euthyroid patient a reasonable approach is to
evaluate the dominant nodule. The term dominant refers to either the largest nodule or
the one that has recently increased significantly in size. In elderly patients with
multinodular goiters without a radiation history before adolescence and without recent
changes in the size of the existing nodules or the appearance of new lesions, only
nodules above 1.5 cm are recommended to evaluate (28).

It would be wrong to assume that the most precise quality of care is obtained by
evaluating all thyroid nodules with FNA, apart from their size and their clinical
presence (multinodular thyroid, single nodule, age of the patient, radiation history, etc.),
since the probability for the presence of a cytologically “suspicious” lesions is 20%.
Considering this, most of the patients will eventually undergo a thyroidectomy to
exclude the presence of a cancer which is present in 10-20% of all microfollicular
lesions. Hence, once the decision is made to do FNA biopsy of the nodule, the patient

has an a priori probability of 10-20% for a thyroidectomy, which is unnecessary in
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80-90% of the cases (28).

Thyroidectomy carriers small but significant risks of operative complications,
including permanent hypoparathyroidism and damage to the recurrent laryngeal nerve,
which can result in chronic aspiration and compromised voice quality. Additionally,
thyroidectomy commits the patient to a lifetime of thyroid replacement therapy and a
recommendation of longterm surveillance for recurrent disease. From these
considerations and the clinical irrelevance of most occult papillary microcarcinomas,
consequences can be drawn that nodules below 1 cm (or <1.5 cm within a multinodular
goiter) should not require further evaluation in most patients. These lesions should be
followed clinically unless the patient presents with specific risk factors for malignancy.

Above mentioned strategy applies to thyroid incidentalomas, nodules that are
discovered on a radiological examination of the neck for non-thyroid disease or as part
of the evaluation of a clinically solitary apparent thyroid nodule (28, 69).

While the discussion is appropriate for patients with nodules below 4 cm, lesions
above this size are recommended to operate without necessarily performing a prior
biopsy. This approach is accessible by the high potential of such nodules to become
locally symptomatic. In more than 40% of lesions of this size, there are difficulties to
exclude malignancy by FNA because of higher rate of false-negative cytology due to
sampling issues (79).

When choices must be made between clinical follow-up, biopsy, and surgery, it
is important to remember that death from cancer is a rare event however microscopic

cancers seldom lead to significant diseases (80).

1.6.2. Laboratory evaluation

With the discovery of a thyroid nodule, a biochemical assessment of thyroid
function is required, because clinical appraisal is not a reliable indicator of thyroid
status. An obvious biochemical test that is necessary is the TSH level. The high
sensitivity of the TSH assay for detecting even small thyroid dysfunction makes it the
most useful test in the initial evaluation if thyroid nodules (81). According to Boelaert et

al. elevated serum TSH could be associated with increased risk of malignancy in a

23



thyroid nodule as shown in Table 1.1. (82). A study done by Zafon et al. found that TSH
levels were higher in patients with final diagnosis of DTC and there is a correlation

between tumour size and TSH level (83)

Table 1.1.
TSH and the calculated risk of thyroid cancer. Forty year old woman with a

solitary thyroid nodule

Serum TSH mU/L Risk of Cancer
0.3 8.1%
0.5 8.4%
1.0 9.4%
3.0 14.6%
5.0 21.9%
6.0 26.4%

If the serum TSH is subnormal, a thyroid scintigraphy using !2*I should be
obtained to document whether the nodule is hyperfunctioning, isofunctioning or
nonfunctioning. Hyperfunctioning nodule may be part of Plummer’s syndrome (toxic
multinodular goiter) or multiple nodules present in a patient with Graves® disease.
Hyperfunctioning nodules rarely represent malignancy.

Measuring serum levels of free thyroid hormones and anti-thyroid peroxidase
antibody (TPOAD) or anti-TSH-receptor antibody should be the next diagnostic step for
confirmation of thyroid dysfunction if the TSH concentration is outside the reference
range (84). In case of increased serum TSH free thyroxine and TPOAD should be tested
to evaluate hypothyroidism. When the serum TSH is decreased free thyroxine and
trilodothyronine should be assigned to evaluate hyperthyroidism.

TPOADb should be measured in patients with high levels of TSH. Elevated serum
TPOAD values and a firm, diffusely enlarged, or small thyroid suggest autoimmune or
Hashimoto thyroiditis (85, 86).

Routine assessment of serum thyroglobulin for initial evaluation of thyroid
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nodules is not recommended because it can be elevated in most thyroid diseases and is
neither sensitive nor specific for thyroid cancer (87).

Calcitonin is a hormone that is produced in humans primarily by the
parafollicular cells (C-cells) of the thyroid. The utilities of serum calcitonin assessment
have been evaluated in a series of prospective, nonrandomized studies (88, 89). The use
of routine serum calcitonin in patients with nodular thyroid disease may detect C-cell
hyperplasia and medullary thyroid cancer (MTC) at an earlier stage; however, routine
testing in all patients with unselected thyroid nodules is still debated. Calcitonin levels
can be increased in patients with pulmonary or pancreatic endocrine tumours, kidney
failure or autoimmune thyroid disease; other factors are alcohol consumption and
smoking. If calcitonin level is increased, the test should be repeated and, if confirmed
without the above-mentioned modifiers, a pentagastrin stimulation test should be added
to increase specificity (88). Measurement of serum calcitonin is mandatory in patients
with family history or clinical suspicious of MTC or MEN Type II syndrome.

To exclude concomitant hyperparathyroidism, serum calcium concentration
should be determined preoperatively. An increased calcium concentration requires

further preoperative evaluation (37)

1.6.3. Diagnostic imaging studies

Ultrasonography. Due to superficial anatomic location of thyroid gland, it may
be easily assessed by US which provides information in the size and the structure of the
organ and detects signs of malignancy (90). Usually transducers with a width of 7.5-9
cm and frequencies of around 10 MHz are used. In the 1980s, US came into widespread
use (91). US is much more sensitive than physical examination alone and with US it is
possible to detect thyroid lesions, identify their structure and measure their dimensions.
It should be performed in all patients with suspected thyroid nodule or nodular goiter
and combined with a US of the surrounding soft tissues and the cervical vessels. While
thyroid US cannot diagnose a thyroid nodule as malignant, it can detect nodules as
small as 0.2 mm in diameter as well as the presence of cervical lymphadenopathy. The

position, shape, size, margins, content, echogenic pattern and vascular features of the
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nodules can be described (92-94). A sonographic examination performed by the surgeon
may be helpful for planning the resection.

The normal thyroid has a smooth contour and shows a fine granular
homogeneous, slightly hyperechoic sonographic type. Its total volume ranges up to 18
ml in women and up to 25 ml in men. Isthmical part should not exceed 1 cm in its
anteroposterior diameter and both lobes should perform a symmetric elevation during
swallowing (95).

Some US characteristics associated with a higher risk of malignancy have been
evaluated in a series of studies (94, 96-98). The reported specificities for predicting
malignancy are 41.4 - 92.2% for marked hypoechogenicity compared to normal thyroid
parenchyma, 44.2 - 95% for microcalcifications, 48.3 - 91.8% for irregular or
microlobulated margins, and ~ 80% for increased intranodular vascularity (97, 98).

A shape taller than the width measured in the transverse dimension is an
additional US pattern suggestive of malignant potential. Suspicious cervical
lymphadenopathy is a specific but insensitive finding. No single sonographic feature or
combinations of features are adequate to identify all malignant nodules; however, the
coexistence of 2 or more suspicious US criteria greatly increases the risk of thyroid
cancer (96, 97). US features of benign and malignant thyroid nodules are summarised in
Table 1.2.

US is best used as imaging guidance for FNA which greatly increases FNA
accuracy, sensitivity and specificity (7). In case of cancer diagnosis on FNA, neck US
by an experienced ultrasonographer is mandatory to evaluate cervical lymphadenopathy
that may not be detected by physical examination (99).

US guided FNA (Figure 1.5.) represents a hypoechogenic nodule with

microcalcifications, irregular margin and mixed vascularity.
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Figure 1.5. Ultrasound guided FNA of the nodule in thyroid right lobe. Note
hypoechogenic nodule with microcalcifications, irregular margin with mixed vascularity.
Procedure made by Kaspars Stepanovs, year 2012. Used with permission

The most common sonographic appearances of PTC are a solid or predominantly

solid and hypoechoic mass, usually with infiltrative irregular margins and increased

nodular vascularity. Microcalcifications are highly specific for PTC. Whereas FC is

more often iso - to hyperechoic with a thick irregular halo and lack of

microcalcifications. There are also certain sonographic criteria that may be predictive of

a benign nodule. A pure cystic nodule or a nodule with spongiform appearance, defined

as an aggregation of multiple microcystic components in more than 50% of the nodule

volume, is specific for identification of benign thyroid nodule (98).

Table 1.2.

Summary of ultrasonographic features of benign and malignant nodules

Features Benign Malignant

Echogenicity Normal or hypoechogenic Hypoechogenic

Halo Thin and well-defined Thick, irregular or absent
Calcification Coarse Micro

Margin Regular Irregular

Invasive growth Absent Present
Lymphadenopathy Absent Present
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Features

Benign

Malignant

Intranodular blood flow

Low

High

US elastography is a newly developed and promising technique that has

recently been applied in the diagnostic approach to nodular thyroid disease and has

shown a high sensitivity and specificity in selected patients (100-102). It evaluates the

degree of distortion of a tissue under application of an external force, based upon the

principle that the softer parts of tissues deform more readily than the harder parts under

compression, thereby allowing objective determination of tissue consistency (103, 104).

However, US elastography has some limitations because the nodule to be examined

must be clearly distinguishable from other nodules. In addition, malignant lesions tend

to be much harder than benign ones.

Larger prospective studies are needed to establish the diagnostic accuracy of this

technique (105). At the moment available elastography studies are summarised in Table

1.3.
Table 1.3.
Notable elastography studies

Study Patients Nodules Sensitivity Specificity
Shuzhen et al., 2011 244 291 94.1 81.1
Luo etal., 2012 106 123 95 73.8
Rago et al., 2007 92 92 97 100
Hong et al., 2009 90 145 88 90
Friedrich-Rust et al., 2009 56 59 88 83
Tranquart et al., 2008 96 108 100 93.1
Sabag et al., 2010 93 148 83.2 93.9
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Computed tomography (CT) and magnetic resonance imaging (MRI) has a
limited but important role in evaluation of the thyroid gland. CT and MRI should not be
used routinely in nodular thyroid disease but are best used as an adjunct in imaging of
advanced thyroid pathology when retrosternal, intrathoracic, or retrotracheal extension
of the glans is present. CT and MRI scanning may also be very helpful in the
preoperative assessment of cervical lymphadenopathy, as well as in determining

invasion or compression of the aerodigestive tracts (76).

Positron emission computed tomography (PET) scanning is being recently
reported as useful method for finding thyroid incidentalomas as well as for its ability to
determine malignancy of thyroid nodules. PET scanning is increasingly being used for
staging and for supervision of other malignancies as a result, it may occasionally
identify a thyroid lesion (106). Normally the thyroid gland is not visualised on whole
body PET scan but incidental diffuse or focal increased uptakes have been reported in
the large series.

Diffuse uptake indicate a benign process while focal uptake is associated with a
significantly increased thyroid cancer risk (30-50% of those selected for FNA) (28,
107).

1.6.4. Thyroid scintigraphy

Until recently, radionuclide scanning had routinely been the first test used in the
evaluation of the thyroid nodule but with the appearance of FNA biopsies, the
importance of thyroid scans was greatly reduced. Thyroid scintigraphy allows
assessment of thyroid regional function. Usually %I is the preferred isotope for this
examination with the theory that malignant thyroid tissue neither traps nor incorporates
iodine and appear nonfunctioning, or cold, on uptake scan. After radionuclide uptake,
nodules may be classified as hyper-functioning (“hot”), hypo-functioning (“cold”), or
normally functioning (“warm”). Thyroid scintigraphy has a role in patients with a low
TSH level, indicating developing thyroid autonomy and hence the possible presence of

a toxic adenoma. Nonfunctioning “cold” nodules are believed to have a probability of
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being malignant, but according to literature the reported malignancy risk is
approximately 15% (108) compared with 9% for warm nodules and about 5% in hot
nodules (109). If thyroid scintigraphy is concordant with US for the identification of a
clearly “hot” nodule, then that nodule does not require further evaluation with FNA as
malignancy risk is extremely low. Thyroid scintigraphy can be performed for multi
nodular goiter (MNG) even if the TSH level is normal, to identify cold or indeterminate
areas for FNA and hot areas that do not need cytologic evaluation. Thyroid scintigraphy
should be performed if a retrosternal goiter or ectopic thyroid tissue is suspected and

before surgery for recurrent disease.

1.6.5. Laryngoscopy

Laryngoscopy is increasingly being advocated as a routine procedure before
thyroid surgery for benign as well malignant disease. In the presence of a suspected
thyroid cancer or with preexisting voice changes as well as after previous surgery in the
neck area, laryngoscopy is necessary and can be supplemented by further examinations
(76). On the one hand it serves as quality control and, on the other hand, to confirm any
preexisting impairments, which must be considered into the decision-making regarding

surgical intervention (37, 110)

1.6.6. Thyroid biopsy

Fine needle aspiration (FNA)

Thyroid nodules are common and their incidence increases with age. An
estimated 40% of the United States population contain thyroid nodules, approximately
half of which are solitary on physical examination (71, 111). However among them
there are clinically silent thyroid cancers, usually less than centimetre in size, which are
found in up to 35% of thyroid glands evaluated at autopsy or at surgery (112-114).
Wherewith it would be irresponsible to remove all thyroid nodules surgically.

FNA has become the ultimate test, in association with clinical findings to select
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those patients who will benefit from surgery the most. FNA is now considered to be the
most accurate, cost-effective, and simplest screening method for fast diagnosis of
thyroid nodules, with accuracy around 95% (31, 115, 116). It is a simple outpatient
procedure which provides quick and specific information about the cytology of a
nodule. PTC is the most frequently detected malignant thyroid neoplasm. Aspiration
cytology diagnosis is more reliable and the non-diagnostic rate is lower when FNA
biopsy is performed with US guidance, because the most common cause of a false -

negative cytological diagnosis is sampling error (117, 118).

Main indications for performing FNA of the thyroid are:

- Initial diagnostic test for solitary cold thyroid nodule;

- Dominant new or enlarging cold nodule in a gland showing multinodularity;
- Nodules with suspicious US features;

- Complex or recurrent cystic nodule;

- Suspicious neck lymph nodes;

- Metastatic disease to the thyroid.

There are no specific contraindication to the procedure. The needles are enough
thin (23 gauge or smaller) hereby complications such as local infections, hematoma or
localised pain are exceedingly rare (119). Prophylactic antibiotic therapy is not
indicated.

Among other preoperative tests it has been shown to be a better predictor of
malignancy and has decreased the number of thyroid operations by about half and has
increased the yield of cancer from 15-50% (70). Influence of FNA to number of thyroid
operations is undeniable. It is convincingly showed also in the study by Gharib and
Goeliner (120) were due to the introduction of FNA, number of operations decreases,
but cancer incidence stays practically the same through more than 10 years (Figure

1.6.).
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Figure 1.6. Influence of FNA to Thyroid Operations.
Reprinted from Ann Intern Med. 1993; 118(4): 282-9

FNA of the thyroid has an overall diagnostic accuracy of over 95%, with a
sensitivity of over 95% and a specificity above 95% even in multinodular glands (121).
While the probability of obtaining a malignant diagnosis in repeat FNA in the follow-up
of an eventual benign thyroid nodule may be low, rebiopsy reportedly reduces the rate
of false-negative diagnoses from a mean of 5.2% to less than 1.3% (122, 123). However
the routine performance of repeat FNA in the follow-up of patients with or without any
clinical changes is of limited value (124). Clinical factors may be superior in surgical
decision of patients with benign nodular thyroid disease management (125, 126). Still
discussions exists over whether the best samples are obtained with passage of the needle
through the lesion with or without continuous suction (76). A Comparative study on
FNA cytology versus fine needle capillary cytology in thyroid nodules done by Tauro
with coworkers conclude that hat there was no significant difference between the two
techniques. In highly cellular lesions, in which abundant material was obtained, fine
needle capillary technique was more likely to be diagnostically superior, but FNA can
diagnose most of the lesions. In less cellular lesions, FNA is more likely to be
diagnostically superior (127).

The FNA biopsy sample must be adequate for an interpretation that yields a low

false negative rate and should be reviewed by a cytopathologist with an interest in
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thyroid disease. The rate of inadequate samples is mostly dependent on the experience
of the physician performing the aspiration and even in the most experienced hands the
rate of non-diagnostic biopsies is around 5% (67, 118). Inadequate specimen is usually
caused by dilution of aspirated thyrocytes (by blood in vascularized nodules or by fluid
in cystic nodules) or lesions technically difficult to biopsy (128). It is important to
underline that samples with insufficient material don not provide reassurance and the
procedure needs to be repeated. Indeed, in the study by McHenry et al. 10% of operated
nodules with previous non-diagnostic biopsies turned out to be cancers (129). The rate
of unsatisfactory samples can be decreased if more than one aspiration is performed
during the first FNA (130).

A false-positive diagnosis reflects that no malignancy was detected in a
surgically removed thyroid that had a positive result for malignancy in FNA. The
incidence of false-positive results ranges from less than 1%-7.7% (118). Most errors are
interpretative, resulting from overlapping features, inadequate specimen, degenerative
changes, or inexperience of cytopathologist (131). PTC is the most common false-
positive diagnosis (131).

There are no universally accepted criteria defining adequacy of a specimen.
Criteria vary from a minimum of five groups of cells to as many as ten groups in each
of two slides (128). The amount and type of colloid as well as the size of follicles
should be described. The diagnosis - PTC by FNA is based on identification of classic
nuclear, cytoplasmic, and architectural features. These features are nuclei with irregular
membranes, grooving, pale chromatin, and intranuclear cytoplasmic invaginations
(132). However, in cases that lack all these features, the accurate diagnosis of PTC can
be diagnostically challenging.

Usually five diagnostic categories are used as indicated by the British Thyroid
Association guidelines: benign, nondiagnostic, follicular lesion, suspicious, and
malignant (133). FNA results are classified as benign in 60-80%; nondiagnostic in
10-15%; follicular lesions in 10-20%; suspicious in 2.5-10% and 3.5-10% are malignant
(118, 134). The results of FNA biopsy are critical in deciding whether to manage the

nodule medically or surgically.
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Benign lesion is the most common finding and is present around 70% of all
aspirates. Benign cytological findings are adenomatous or colloid nodule, hyperplastic
nodule and different forms of thyroiditis as well as benign cysts (105). Once the
presence of a malignant lesion in a dominant nodule has been ruled out by FNA,
patients should be followed clinically. Due to the false - negative rate for a malignancy
being less than 5%, a repeated FNA is not mandatory unless the nodule changes

significantly in size (28).

Nondiagnostic aspirate will contain too few cells for the cytopathologist to
make a diagnosis, which can be due to cyst fluid, bloody smears, or poor technique in
preparing slides (67). Criteria for adequate material vary from a minimum of five
groups of cells to as many as ten groups on each of two slides (128). According to
definition of Hamburger, the specimen is labelled “diagnostic” if it contains a minimum
of 6 groupings of well - preserved thyroid epithelial cells, consisting of at least 10 cells
per group (134, 135). The rate of nondiagnostic samples is largely dependent on the
experience of the physician performing the aspiration, but even in the most experienced
hands the rate of nondiagnostic samples is around 5% (128).

The samples with insufficient material do not provide reassurance and the biopsy
need to be repeated, because around 10% of operated nodules with previous
nondiagnostic biopsies turned out to be cancers (129). Repeated FNA is worthwhile
because it will provide adequate sampling in 50-70% of patients (31). Performing more
than one aspiration during the first FNA decreases the rate of unsatisfactory samples

(130).

Follicular lesions also called follicular neoplasms is reported in 10-20% of
aspirated thyroid nodules. Follicular lesions include adenomatoid hyperplasia, follicular
adenoma and carcinoma, Hiirthle cell neoplasms, and the follicular variant of PTC.
Definitive cytologic diagnosis between a follicular adenoma and a follicular cancer, the
latter being present in less than 10-20% of follicular lesions, cannot be established with
cytomorphology (32, 136, 137). It is important to perform the cytological evaluation of
a thyroid nodule only after the euthyroid state of the patient has been ascertained,

because the cytological features of aspirates from autonomous benign nodules may
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mimic those present in follicular cancers.

Suspicious results in cytologic diagnosis are characterised by adequate
cellularity and cytologic features suggesting but not fulfilling the criteria for a definitive
diagnosis of malignancy. In suspicious results there are also included samples with poor

cellularity or poor fixation and preservation but clear signs indicating malignancy.

Malignant results on thyroid FNA occurs in about 5% of the aspirated nodules
and are characterised by malignant cytologic features that are reliably identified by
cytopathologist. In the vast majority a PTC is present and thanks to its specific
cytological features this diagnosis can be made with over 90-95% sensitivity and
specificity. In rare cases, the cytology may suggest the presence of anaplastic cancer,

MTC, a metastasis, or a lymphoma (28).

Large needle biopsy (LNB)

LNB performed without US guidance with a large-bore needle, is not
recommended for thyroid nodules because of local pain and risk of cervical bleeding. It
also does not add any further diagnostic information to FNA biopsy in nodules with

follicular cytologic characteristics (105, 138).

Core-needle biopsy (CNB)

CNB is performed under US guidance with a 20-21 gauge cutting needle by
experienced operator, may offer additional information to FNA biopsy in selected cases
of thyroid or neck masses with repeated inadequate FNA cytology (139). CNB offers no
additional diagnostic value in distinguishing a cellular hyperplastic nodule from a
follicular adenoma or carcinoma, therefore US guided CNB should not been seen as an

alternative to FNA, but as a complementary investigational tool (140, 141).
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1.6.7. Frozen section

Frozen section (FS) has been in use since 1818, but it became routine after the
introduction of cryostat in 1960 (142). The frozen section procedure is a pathological
laboratory procedure to perform rapid microscopic analysis of a specimen. The quality
of the slides produced by frozen section is of lower quality than formalin fixed, wax
embedded tissue processing. While diagnosis can be rendered in many cases, fixed
tissue processing is preferred in many conditions for more accurate diagnosis. Method
of FS is well recognised, but only few studies have been performed to examine the role
of FS in surgical planning and postoperative treatment of patients with indeterminate
cytology (143-146). With the widespread application of FNA, in recent years the role of

FS in the management of thyroid nodules decreases.

1.6.8. Immunohistochemistry

Immunohistochemistry (IHC) has emerged as a powerful tool for investigation
which can provide additional information to the routine morphological assessment of
tissues. The use of IHC to study molecular markers that define specific phenotypes has
provided significant diagnostic, prognostic, and predictive information relative to status
and biology of the disease. The application of antibodies to the molecular study of tissue
pathology has required adaptation and refinement of IHC techniques, particularly for
use in fixed tissues because of the superior morphology provided by formalin-fixed
paraffin-embedded tissues, this has become the method of choice for most clinical and
research studies (147).

IHC is the process of detecting antigens or proteins in cell of a tissue section
with labeled antibodies as specific reagents through antigen-antibody interaction.
Visualising an antibody-antigen interaction can be accomplished in a number of ways.
In the most common instance, an antibody is conjugated to an enzyme, such as
peroxidase, that can catalyse a colour-producing reaction. The peroxidase-labeled
antibody method, introduced in 1968, was the first practical application of antibodies to

paraffin-embedded tissues (148). Alternatively, the antibody can also be tagged to a
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fluorescein or rhodamine (fluorescence antibody methods) but these methods have some
of the limitations.

The successful application of IHC methods to formalin-fixed paraftin-embedded
tissues specimens stimulated rapid progress in this newly emerging field, and in short
time came the introduction of the immunoperoxidase bridge method and the peroxidase
anti-peroxidase (PAP) complex method (149, 150). Figure 1.7. represents peroxidase
anti-peroxidase complex method. Several other methods for IHC staining exists,
including avidin-biotin complex method, polymer-based THC, fluorescyl-tyraminde
amplification and rolling circle amplification methods.

Nowadays as immunohistochemical techniques continues to evolve, their
application to surgical and research pathology is becoming increasingly valuable.
Different amplification methods have made significant improvements such that many
antigens, previously believed to have been lost to the process of fixation and
embedding, can now be routinely demonstrated. As technology marches forward, new
molecular markers are emerging that are providing the tools to generate important new
discoveries. Due to this our knowledge of the underlying biology and pathogenesis of

disease increases.
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Figure 1.7. Peroxidase Anti-Peroxidase (PAP) Complex Method.
Reprinted from Education Guide Immunohistochemical (IHC) Staining Methods.
Updated and Expanded Fifth Edition, G.L. Kulmar and L. Rudbeck, Editors. 2009;
Carpinteria: 57-60
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Hector Battifora mesothelial antigen-1 (HBME-1), first described in 1992 by
Battifora et al. (151), is a mouse monoclonal antibody directed against an antigen of the
microvillous surface of mesothelioma cells (152). Although this antibody was originally
developed as a mesothelioma marker, it was subsequently applied to the diagnosis of
malignant thyroid conditions (151, 153). Miettinen et al. performed HBME-I
immunohistochemical staining on thyroid tumours and reported HBME-1 positivity in
thyroid carcinomas (154, 155) It has been found to be reactive mostly in papillary
thyroid carcinoma and some follicular carcinomas, but usually negative in follicular
adenomas (152). Although it shows positive for the normal tracheal epithelium and
adenocarcinoma of the lung, pancreas and mammary gland (156, 157).

There are only few studies analysing HBME-1 expression in thyroid FNA
material. Among them Schmitt et al. (158) analysed 32 cases of papillary thyroid cancer
and 20 cases of benign thyroid nodules which all had follow-up histologic confirmation.
HBME-1 detection was noted in 25 of 32 (78%) papillary thyroid cancer cases and in 1
of 20 (5%) benign thyroid nodule case.

Study by de Micco et al. (159) analysed HBME-1 on FNA smears from 200
thyroid tumours. Immunostaining of HBME-1 was negative or low grade (<10%
positive cells) in 65 out of the 109 benign nodules, and high grade (=80% positive cells)
in 44 of 59 papillary thyroid cancer and 26 of 32 cases of follicular cancer.

CD56 antigen, recognised by Leu-19 is a glycoprotein, expressed on about 15%
of normal peripheral blood lymphocytes (160, 161). Its presence in natural killer cells
was established in 1983 by Griffin et al. (162) and in 1985 by Hercend et al. (163).
CD56 may also be expressed in activated T cells, large granular lymphocytes, specific
endocrine and brain tissue, thus it is believed that CD56 antigen may be involved in cell
adhesion (164). CD56 is a neural cell adhesion molecule that is present on follicular
epithelial cells of the normal thyroid (164). The protein itself is neural cell adhesion
molecule and is believed to affect the migratory capability of tumour cells, homophilic
binding between neurons, stimulation of neurite outgrowth, and fasciculation (161,

165).
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E-Cadherin (E-CAD) is transmembrane glycoprotein and belongs to family of
adhesion receptors (166). E-CAD is present in most epithelial cells and appears to play
an important role in epithelial integrity, in cell adhesion and differentiation, as well as in
the maintenance of cell polarity and tissue architecture. E-CAD consists of 728 amino
acid transmembrane polypeptide, and is Ca?* dependant homophilic adhesion receptors
mediating cell-cell adhesion (167).

Cell lines normally expressing E-CAD show an epitheloid morphotype and are
not invasive, whereas those lacking E-CAD are fibroblastoid and have a highly invasive
growth (168). These and other experimental findings indicate that E-CAD has
suppressor role in tumour spreading. The role of E-CAD has also been examined in
several epithelial tumors of human such as: gastric adenocarcinomas, ductal carcinomas
of mammary gland, squamous cell carcinomas, hepatocellular carcinomas,
meningeomas, female genital carcinomas and prostate carcinomas (167, 169).

In the thyroid very little is known about intracellular adhesiveness. The
expression of E-CAD in normal thyroid was first described in 1989 by Eidelman et al.
(170). Since that many new findings are published in this field. Clearly gene for the
cell-cell adhesion molecule, E-CAD, is expressed in normal human thyroid tissue and
the translated protein is specific for follicular cells and not detected in stromal cells. E-
CAD is normally expressed in all thyrocytes to about equal amounts, because thyrocytes
are typical epithelial cells for which E-CAD is considered to be specific (167, 171).

In general, it appears that E-CAD expression is retained in follicular neoplasms;

it is reduced in PTC and lost in anaplastic carcinomas (167, 172-175).

COX-2 gene is an early response gene that is induced rapidly by growth factors,
tumour promoters, oncogenes, and carcinogens. Multiple lines of evidence suggest that
COX-2 is important in carcinogenesis (176-179). Increased COX-2 protein expression
levels have been described in malignant thyroid tumours, but not in benign thyroid
nodules in 2002 by Specht et al. (180). Several articles have been reported on higher
COX-2 expression in PTC and FC compared to normal thyroid tissue and poorly
differentiated carcinoma.

COX-2 is up-regulated in transformed cells and in many epithelial carcinomas

including: stomach (176), colon (177), pancreas (178), and prostate (179), whereas
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levels of COX-1 are relatively constant. The differences in immunohistochemical
findings can appear due to technological details, namely, different origin of primary

antibodies (181, 182).

Ki-67 antigen is preferentially expressed in the active phases of cell cycle and is
recognised with monoclonal antibody MIB1. The antigen is rapidly degraded as the cell
enters non proliferative state. As a marker of cellular proliferation activity, Ki-67
antigen detection has become a mainstay in the morphological assessment of tumours.

First study of Ki-67 expression in thyroid lesions is published in 1991 by Rigaud
et al. (183). Low proliferative activity has been reported in thyroid tissue (184) as well
as in thyroid tumours (185, 186). In addition, proliferation indicators have been found to

have no prognostic significance in PTC (187).

p53 is an important tumour suppressor gene as it integrates multiple stress
signals and regulates cell response to DNA damage and is capable of inhibiting cell
proliferation and transformation (188, 189). Several studies have reported finding that
the detection of p53 protein was a significant prognostic indicator in thyroid carcinoma
(190-192). A study by Morita et al. revealed significant correlation between p53 protein
over-expression and large tumour size as well as the presence of lymph node metastasis
(192).

Mutations in the p53 tumour suppressor gene are present in approximately 50%
of all human cancers, and they represent the most common genetic changes in
malignant cells (193). Molecular analyses of thyroid tumours have usually documented
mutations in the p53 tumour suppressor gene in anaplastic carcinomas. IHC detection of
p53 protein is thought to be associated with the occurrence of p5S3 gene mutations, but
pS3 protein expression has been detected by IHC in papillary thyroid cancer and
follicular cancer irrespective of whether any p53 gene mutations had occurred (192,
194).

In thyroid malignancies p53 is reported to serve as an independent prognostic
factor for overall survival of the patient (191). The frequency of p53 protein
overexpression in papillary thyroid cancer has been reported as 11— 59% (193).

Mutation of p53 gene are associated with the most aggressive histologic type of thyroid
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tumours, such as undifferentiated carcinoma, and that the alteration of this gene

represents a late genetic event in human thyroid carcinogenesis (193).

1.7. Management and therapy

Clinical management of thyroid nodules should be guided by the results of US
evaluation and FNA biopsy (1, 195).

1.7.1. Benign FNA results

Strategies for management of patients with benign FNA results vary among
practitioners and institutions. There are three options for the clinician. These include
surgery, observation and hormone suppression. Most thyroid nodules with benign FNA
cytology and no clinical and US risk factors require follow-up because the false-
negative rate is as high as 5% (124, 196-198).

It is recommended that all benign thyroid nodules be followed with clinical and
US examination and TSH measurement 6-18 month after the initial FNA. Thyroid
nodule growth is defined as 20% increase in nodule diameter with a minimal increase in
two or more dimensions of at least 2 mm (199). The total duration of follow-up period
should be at least 3-5 years. Patients with multiple thyroid nodules have the same risk of
malignancy as those with a single nodule, and the same follow-up plan is used in both
groups. If there is evidence of nodule growth or suspicious clinical or US changes, the
repeated FNA should be performed and surgical resection considered.

If the nodule is causing symptoms, or is aesthetically displeasing to the patient,
surgery may be considered. Surgery should also be considered in those patients with
neck pressure, dysphagia, shortness of breath, a choking sensation, dyspnea, hoarseness
or pain in the neck or who are at increased risk for thyroid cancer despite a benign FNA.
Symptoms must be associated with the nodule or goiter and not with the pulmonary,
cardiac or esophageal disorders or other disease (1).

If the patient does not require surgery, the nodule may either be observed or
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suppressed with Levothyroxine. The goal of thyroid hormone administration is to
eliminate TSH stimulation by total exogenous replacement of the body’s need for
thyroid hormone. This should either reduce the size of the nodule or prevent its further
growth (65). Nowadays Levothyroxine suppression therapy is no longer recommended,
because randomised trials have suggested that thyroid hormone suppression may result
in a decrease in nodule size in some patient populations with borderline low iodine
intake but not in most patients ingesting sufficient iodine (77, 200). Most nodules do not
respond to suppression therapy, and because of potential side effects of long term TSH

suppression, this practice has been abandoned in most countries (105).

1.7.2. Nondiagnostic FNA results

There is no universally accepted approach to follow-up of nondiagnostic thyroid
FNA. Nondiagnostic biopsies occur more often with cystic nodules because of the small
amount of cellular material or bloody smears. Nondiagnostic aspirates obtained from
cystic and solid nodules are treated differently in follow-up strategies.

Follow-up of aspirates of cysts that contain blood and histiocytes but no
epithelial component require correlation with US findings (201). Cysts with these FNA
findings are at very low risk for harbouring a malignancy, and many authors have
recommended that they are best managed by nonsurgical follow-up (202). The optimal
timing for repeated needle aspiration is 3-6 month, unless the clinical suspicion for
malignancy is high (131, 140). Reaspiration yields satisfactory results in 50-60% of
cases (131). When repeat FNA still yields nondiagnostic material, close clinical and US
follow-up is appropriate (201).

Solid nodules with nondiagnostic FNA results should be reaspirated and if the
repeat specimens are still nondiagnostic, surgery should be considered because
malignancy is eventually diagnosed in about 9% of such cases (131).

Nodules 1 cm or less in size, on the basis of auspicious clinical and US findings,

may be followed up with close clinical and US control (1, 195, 201).
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1.7.3. Follicular lesions by FNA biopsy

Follicular lesions category is used if definitive cytologic diagnosis of
malignancy cannot be made and cytologic features indicate lesion of follicular nature.
Follicular lesions appear as hypercellular specimens with microfollicular arrangement
and decreased or absent colloid. Currently, no definitive morphologic criteria are
available to distinguish benign from malignant follicular lesions. If nodule is classified
as follicular neoplasm, repeated FNA is not recommended, while it is recommended in
cases diagnosed as “atypical cells” to exclude a follicular neoplasm. About 20% of such
specimens are determined to be malignant in final histology.

US features and elastography as well as molecular markers may provide
adjunctive information and may improve the accuracy of cytologic diagnosis but they
do not have consistent predictive value for malignancy (103, 105, 195, 203). Complete
thyroidectomy is usually performed after a diagnosis of papillary or follicular
carcinoma, but lobectomy alone may be suffice for small, minimally invasive tumours,
and treatment depends on the clinical status of the patient. Frozen section can be useful
in case of non total thyroidectomy however its usefulness in evaluation for capsular or
vascular invasion is controversial (202).

An unequivocal diagnosis of follicular carcinoma is justified when subsequent
histologic examination discloses capsular and/or vascular invasion. In addition, about
half of the nodules in this cytologic category found to be malignant are the follicular
variant of papillary thyroid cancer (204). If clinical, cytological and US features are
auspicious, clinical follow up by multidisciplinary team can be considered without

immediate diagnostic surgery (205).

1.7.4. Suspicious nodules by FNA biopsy

Suspicious results in cytologic diagnosis are characterised by cytologic features
suggesting but not fulfilling the criteria for a definitive diagnosis of malignancy.
Approximately 50-75% of cytologically suspicious lesions are subsequently diagnosed

as papillary carcinomas (140). In suspicious results there are also included samples with
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poor cellularity and preservation but clear signs indicating malignancy. Patients with an
FNA diagnosis of suspicious nodules for malignancy should be referred for surgical
consultation. Frozen section can be recommended to help guide surgical decision

making (205, 206).

1.7.5. Malignant nodules by FNA biopsy

This FNA category refers to PTC, MTC, anaplastic thyroid cancer (ATC),
lymphoma, and metastatic malignancy. Malignant results include samples characterised
by malignant cytologic features that are reliably identified by cytopathologist.
Whenever possible, the type of carcinoma should be stated in the cytologic report
precisely (140, 205). Cytologic diagnosis of malignancy in a thyroid nodule should
result in surgery unless clinically contraindicated or cancer is due to metastatic disease.
Well-differentiated thyroid cancers, such as PTC, FC and mixed papillary-follicular
carcinomas are the most common malignancies of the thyroid. Thyroid US and
cytologic results should be reviewed with the patient, and treatment options should be
discussed (133). Consultation with a surgeon experienced in endocrine surgical
procedures should be obtained soon and surgical excision should be recommended and
its potential complications discussed (105, 133). The extend of thyroid resection is
controversial. Supporters of total thyroidectomy argue that lobectomy leads to increased
local recurrence, although survival rates are approximately equal (65). Complete
thyroidectomy is usually performed after a diagnosis of PTC or FC, but lobectomy
alone may suffice for small, minimally invasive tumours, and treatment depends on the
clinical status of the patient (202). For anaplastic carcinoma, lymphoma and metastatic
cancers, further diagnostic workup is recommended before surgery. In selected cases

CT and MRI may be performed.
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2. MATERIALS AND METHODS

2.1. The study design

In the first stage of the study one hundred and sixty-three thyroidectomy
specimens were selected consecutively from the files of the Institute of Pathology, Pauls
Stradins Clinical University hospital, Riga, Latvia between 2006 and 2010. The
diagnoses were verified by repeated histological examination.

Immunohistochemical investigation was performed using six ICH markers:

HBME-1, COX-2, E-cadherin (E-CAD), CD56, Ki-67 and p53.

Inclusion criteria were:

- Differentiated thyroid cancer originating from follicular epithelial cell
including all types of papillary thyroid cancer and follicular cancer;

- Unequivocal morphological findings;

- Diameter of largest nodule not less that 1 cm;

- Enough archival paraffin-embedded tissue material to analyse;

- Period from operation till immunohistochemical analysis not exceeding eight

years.

Exclusion criteria were:

- Hiirthle cell variant of follicular cancer;

- Undifferentiated and poorly differentiated cancer including anaplastic
carcinoma and insular carcinoma;

- Diameter of largest nodule less that 1 cm;

- Medullary thyroid cancer;

- Malignant lymphoma or metastatic cancer

- Deficient archival paraffin-embedded tissue material to analyse;

- Period from operation till immunohistochemical analysis more than eight

years.



In the second stage of the study sixty-eight thyroid FNA cases confirmed by
subsequent surgical resection specimens, during the period of 2010-2011, were selected
from the Institute of Pathology, Pauls Stradins Clinical University Hospital, Riga,
Latvia.

Immunocytochemical investigation was performed using most promising
markers according to the first stage results (E-CAD, CD56, HBME-1).

The study was approved by the Committee of Ethics Pauls Stradins Clinical
University hospital, reference Nr. 151209-3L. Written consent was obtained from each

patient before FNA procedure.

Inclusion criteria were:

- Available FNA smear as well as operation material for the same case according
to the above mentioned inclusion criteria;

- Period less than one year from FNA biopsy of the thyroid till operation and

final morphology.

Exclusion criteria were:

- Unavailable operation material;

- Inadequate FNA specimen,;

- Period more than one year from FNA biopsy of the thyroid till operation and

final morphology.

2.2. Materials

In the first stage of the study after the histological verification of diagnosis the
study group consisted of 50 malignant and 113 benign thyroid lesions including 36
papillary thyroid cancers (PTC) and 14 follicular cancers (FC) as well as 36 follicular
adenomas (FA) and 77 cases of colloid goiter (CG).

In the second stage of the study the study group consisted of 26 malignant and
42 benign thyroid lesions including 25 PTC and 1 FC as well as 22 FA and 20 cases of
CG.
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2.3. Methods

2.3.1. Tissue processing and general histological report

The tissues of operation materials were fixed in 10% neutral buffered formalin,
sampled widely during the grossing of operation material, processed and embedded in
paraffin blocks as described by Bancroft et al. (207).

Four-micron-thick sections of the formalin-fixed, paraffin-embedded tissues
were cut with automatic microtome Microm, HM 360 (Microm Int., Walldorf,
Germany) on Histobond glass slides (Menzel Glasser, Braunschweig, Germany) and
stained with haematoxylin—eosin (HE) for screening (207). During screening, the
archival diagnoses were verified by the examination of these slides by an independent
pathologist. The diagnostics, typing and grading of thyroid pathology were performed
according to the WHO classification of tumours (208) by an independent reviewer with
an experience in thyroid pathology. Only cases with unequivocal histological diagnosis

were included in the study group.

Papillary thyroid cancer

Definition. PTC is defined as a malignant epithelial tumour showing evidence of
follicular cell differentiation, and characterised by distinctive nuclear features (209).

Diagnostic criteria. PTC were diagnosed by following histologic appearance.
The nuclei of PTC are typically large, crowded, ovoid, ground-glass and grooved, with
small nucleoli (209). The feature present in almost all cases of PTC is the nuclear
groove formed by deep folding in the nuclear membrane (Figure 2.1.). Architecture of
PTC is usually infiltrative. Many variants of PTC have been described, but most are
merely morphologic variants with no prognostic significance. The tall cell, diffuse
sclerosing, diffuse follicular, solid, trabecular, and dedifferentiated variants are
biologically more aggressive, while the encapsulated variant is associated with a highly
favourable prognosis. Follicular variant of PTC is the most frequent and is composed
almost exclusively of follicles. The clinical behaviour is no different from conventional

papillary carcinoma (210). In the present study, all variants of PTC were included.
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Figure 2.1. Tissue structure of papillary thyroid cancer. Note the characteristic
architecture and nuclear structure. Haematoxylin-eosin, magnification x100.
Microphotography by A. Ozolins

Follicular adenoma and carcinoma

Definition. FA and FC are, respectively, benign and malignant epithelial tumours
of the thyroid showing follicular cell differentiation but lacking the diagnostic features
of PTC.

Diagnostic criteria. The tumour cells are cuboidal or low columnar with dark or
pale-staining round nuclei. Within the tumour, delicate capillaries are present between
the follicles and cell islands (211). Microphotography (Figure 2.2.) represent the
structure of FA.

Criteria for distinction between FA and FC. FA and FC are encapsulated and
usually indistinguishable macroscopically, except that the capsule tends to be thicker in
the case of FC. It is fleshy usually light brown, sometimes having secondary changes
like haemorrhage and cystic degeneration (212). In a follicular neoplasms lacking the
cytoarchitectural features of PTC, the only feature that distinguishes a carcinoma from
adenoma is the presence of vascular and/or capsular invasion in the former. Vascular

invasion is qualified if the involved blood vessels are located within or outside the
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fibrous capsule and the intravascular tumour is covered by endothelium (211).
To qualify for capsular invasion, there must be transgression of the fibrous

capsule. It can be complete or incomplete (211).

Figure 2.2. Tissue structure of follicular adenoma. Note the presence of capsule
highlighted by black arrow. Haematoxylin-eosin, magnification x100. Microphotography
by A. Ozolins

Colloid goiter

CG is diagnosed when loss of normal thyroid architecture is present and
abundant colloid is found. The features of other, more significant lesions must be
excluded. Typical specimen is the goiter that has developed a nodular consistency.
Structure usually gelatinous, colloid-rich or degenerative cystic structure. Often
extensive fibrosis and calcium deposits are present. Microphotography (Figure 2.3.)

represent the structure of CG.
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Figure 2.3. Tissue structure of colloid goiter. Haematoxylin-eosin, magnification x100.
Microphotography by A. Ozolins

If primary malignant tumour is found in the thyroid, TNM staging is applied as
follows (Table 2.1., 2.2.).

Table 2.1.

Staging of malignant thyroid tumours (213)

Stage Definition Stage Definition
Tx Primary tumour cannot be assessed Nx 5 cgional lymph nodes cannot
e assessed
TO No evidence of primary tumour NO No regional lymph node
metastases
T1 Tumour < 2 cm, limited to the thyroid N1 | Regional lymph node metastasis
Tumour > 2 cm but <4 cm, limited to the Metastasis to level VI nodes
T2 . Nla | (pretracheal, paratracheal and
thyroid
prelaryngeal) nodes
Tumour > 4 c¢m, limited to the thyroid; or g/ille; ,f; S;g“g:i;ﬁfgg:é’ll
T3 tumour any size with minimal N1b ’

extrathyroidal extension

cervical or upper/superior
mediastinal nodes
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Stage Definition Stage Definition
Tumour of any size extending beyond the | Distant metastasis cannot be
T4a thyroid capsule to invade subcutaneous assessed
tissues, larynx, trachea, esophagus, or
recurrent laryngeal nerve MO | No distant metastasis
Tumour invades prevertebral fascia or
T4b mediastinal vessels, or encases carotid M1 | Distant metastasis
artery

Regional lymph nodes are the cervical and upper/superior mediastinal lymph nodes.
Undifferentiated (anaplastic) carcinomas are all considered T4.

Table 2.2.

Staging of thyroid tumours: stage grouping (213)

Stage <45 years > 45 years
Papillary or follicular carcinoma
I Any T, any N, MO T1, NO, MO
I Any T, any N, M1 T2, NO, MO
i i T3, NO, MO
T1/T2/T3, Nla, MO
VA - TLA2S, Nlb, Mo
IVB - T4b, any N, MO
IvC - Any T, any N, M1

2.3.2. Immunohistochemistry

For immunophenotypic studies, formalin-fixed, paraffin-embedded tissues were

cut in 3-pum-thick sections on electrostatically charged Histobond glass slides and

incubated in 60°C for 1 h to ensure tissue adhesion to slides. Deparaftining and

rehydration were carried out by routine treatment in xylene for 4 x 5 min and graded

ethanol for 2 x 3 min, 99.9%; 4 x 3 min, 96% and 5 min, 70%. Endogenous peroxidase

activity was blocked by 0.5% hydrogen peroxide in methanol for 10 min. All chemicals

were produced by Sigma-Aldrich (Steinheim, Germany).
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After rinsing in TBS buffer (pH 7.6, Tris-buffered saline, THAM-HCI] 50 mM/L,
NaCl 150 mM/L) for 5 min, the slides were subjected to heat-induced antigen retrieval
(HIER) treatment in domestic microwave oven for 3 X 5 min at maximum power in
basic (TEG, pH 9.0, Tris base 10 mM/L, EGTA 0.5 mM/L) buffer. After HIER, the
slides were allowed to cool at room temperature for 20 min in the HIER buffer.

The slides were encircled with Dako pen (Dako, Glostrup, Denmark) and
transferred to magnetic immunostaining trays (CellPath plc, Newtown, UK). After the
rinse with TBS buffer for 5 min, the incubation with primary antibodies (Table 2.3.) was

carried out at room temperature for 60 min.

Table 2.3.

Characteristics of the antibodies

Target antigen Monoclonal antibody Antibody dilution
E-CAD NCH-38 1:50

CD56 123C3 1:100

HBME-1 HBME-1 1:50

COX-2 CX-294 1:200

pS3 DO-7 1:400

Ki-67 MIB-1 1:100

All antibodies were produced by Dako, Glostrup, Denmark.

Unbound primary antibodies later were removed by repeated rinses with TBS
buffer 2 x 5 min. A commercially available polymeric EnVision+ System, bound with
horseradish peroxidase (Dako), was used for visualisation. The slides were incubated in
a humid chamber for 30 min with EnVision+ with following rinses in TBS 2 x 5 min.
The colour development was obtained with 3,3-diaminobenzidine (Dako) for 10 min.
The slides then were rinsed in water and counterstained in haematoxylin for 3 min.
After colour development in tap water for 5 min, the slides were coverslipped using
aqueous mounting medium Faramount (Dako). Positive and negative control slides were

included in each run.
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The evaluation and scoring was performed by the author under supervision of
experienced pathologist. The expression of p53 protein and Ki-67 was evaluated in the
nuclei of cancer cells. The quantitative data were obtained by computed morphometry
(Kappa Metreo software) counting positive nuclei among 200 neoplastic cells and
expressing the result as the percentage of positive cells. The membranous expression of
E-CAD, CD56 and HBME-1 as well as cytoplasmic expression of COX-2 were scored
semiquantitatively by staining the intensity and percentage of positive cells. The
staining intensity was estimated as negative, 0; weakly positive, 1; moderately
intensively staining, 2 or intensively positive, 3. To evaluate the expression of the
considered markers in the whole analysable tissue, the expression intensity was
computed as the multiplication of the percentage of positive cells by staining intensity.
The lesion was considered positive for a marker when the expression intensity was at

least 1.5.

2.3.3. Fine needle aspiration and immunocytochemistry (ICH)

US followed by FNA was performed by one experienced radiologist using GE
Voluson ES8 ultrasound machine and 11L-D linear transducer at Pauls Stradins Clinical
University Hospital, Institute of Diagnostic Radiology, Riga, Latvia.

In case of a single thyroid nodule, only those nodules above 1 cm were further
evaluated by FNA. In a multinodular gland the dominant nodule was evaluated or the
nodule with most suspicious US findings. US characteristics associated with a higher
risk of malignancy are as described previously: marked hypoechogenicity compared to
normal thyroid parenchyma, microcalcifications, irregular or microlobulated margins,
increased intranodular vascularity and a taller than wide shape (92-99).

The dominant nodule means either the largest nodule or the one that has recently
increased significantly in size. In 2004 the Society of Radiologists in Ultrasound
convened a panel of specialists from a variety of medical disciplines to come to a
consensus about management of thyroid nodules presented at thyroid US (214). The
specialists agreed that US-guided FNA should be considered for nodules demonstrating

substantial growth on serial US examinations, even if a prior FNA result was benign.
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Although it was found that rapid growth of the a nodule indicates and increased
risk for malignancy (215, 216). However still specialists don't have one consensus on
how to define substantial growth, nor how to monitor growth (214).

During FNA procedure patients were placed in supine position, the puncture site
was prepared sterile and draped. US probe was covered sterile and disinfected with
Cutasept F solution. Local anesthetic 1.0 ml Lidocaine 20 mg/ml was used. A 21-gauge
needle was attached to 20 mL syringe. Under real-time visualisation needle tip was
introduced in suspicious nodules. Passes were done using 5-10 ml suction. A minimum
of 2 passes were employed. Needle placement was documented by taking pictures.
Aspirated material was placed, smeared on Histobond adhesive glass slides and air
dried.

For immunophenotypic studies the cell smears were air dried and fixed in 96%
ethanol for 10 min. Endogenous peroxidase activity was blocked by 0.5% hydrogen
peroxide in methanol for 10 min. All chemicals were produced by Sigma-Aldrich
(Steinheim, Germany).

After rinsing in TBS buffer (pH 7.6, Tris-buffered saline, THAM-HCI 50 mM/I,
NaCl 150 mM/1) for 5 min, the slides were encircled with Dako pen (Dako, Glostrup,
Denmark) and transferred to magnetic immunostaining trays (CellPath plc, Newtown,
UK). After the rinse with TBS buffer for 5 min, the incubation with primary antibodies
was carried out at room temperature for 60 min as described [30]. Unbound primary
antibodies later were removed by repeated rinses with TBS buffer 2x5 min. A
commercially available polymeric EnVisiont+ System, bound with horseradish
peroxidase (Dako), was used for visualisation. The slides were incubated in a humid
chamber for 30 min with EnVision+ with following rinses in TBS 2 x 5 min. The colour
development was obtained with 3,3-diaminobenzidine (Dako) for 10 min. The slides
then were rinsed in water and counterstained in haematoxylin for 3 min. Positive and

negative control slides were included in each run.
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2.3.4. Methods of statistical analysis

The statistical evaluation of the data was carried out using the Statistical
Package for Social Sciences (SPSS® version 18.0) and Microsoft Excel 2011 (Mac)
programs. In the present study descriptive statistics was used as well as 95% confidence
interval for single proportion and for mean as described by Altman et al. (217). The
confidence interval calculations were made by Confidence Interval Analysis (CIA)
software. The sensitivity, specificity, positive predictive value (PPV) and negative

predictive value (NPV) were calculated.
Confidence interval for the mean

The confidence interval (CI) is calculated using the mean T and its standard
error SE(T) from a sample of size n. SE(ZT) usually calculated by the sample estimate of

the population standard deviation divided by the square root of the sample size:

S
-S’E T — — =
\,.'"fﬁ
where

s - the sample standard deviation, and

n - the size (number of observations) of the sample.

Thereby, the confidence interval is given by following formula:
X — [llfoz/Z X SE(E)] to x+ [517(1/2 X SE(X)]

where
t1-a2 - the accordant value from the ¢ distribution with n-/ degrees of freedom
associated with a “confidence” of 100(1-a)%;
T - mean, and
SE(T) - standard error.
For a 95% confidence interval the value of ¢ will be close to 2 for samples of 20

upwards. Values of 7 can be found in statistical textbooks (217).
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Confidence interval for single proportion

For calculation of a single proportion, the Wilson’s method is recommended.
According to it, if 7 is the observed number of subjects with some feature in a sample of
size n then the estimated proportion who have the feature is p = r/n. The proportion

who do not have the feature is ¢ = /-p (217). First, three quantities should be calculated:

A=2r+2z
B = 2/2% + 4rg;
C=2n+2z%,

where
z - as before the appropriate value, that is z;q2 from the standard normal

distribution.

Than the confidence interval for the population proportion is shown as:
(4-B)/Cto (4 + B)/C.
This method can be used for any data. When observed events are missing, » and
p are both zero, and the recommended confidence interval is 0 to z?/ (n + z?). When r =
n so that p = 1, the interval expresses as n/n + z°) to 1. No negative values were

accepted for confidence interval (217).

Sensitivity and Specificity

Sensitivity and specificity are statistical measures of the performance of a binary
classification test. They are independent of the population of interest subjected to the
test.

Sensitivity measures the proportion of actual positives which are correctly
identified as such (e.g. the percentage of sick people who are correctly identified as
having the condition). Specificity measures the proportion of negatives which are
correctly identified (e.g. the percentage of healthy people who are correctly identified as
not having the condition). These two measures are closely related. A theoretical, optimal

prediction aims to achieve 100% sensitivity (i.e. predict all people from the sick group
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as sick) and 100% specificity (i.e. not predict anyone from the healthy group as sick),
however theoretically any predictor will possess a minimum error bound known as the

Bayes error rate (218).

The following terms are fundamental to understanding the utility of clinical
tests:

1. True positive: the patient has the disease and the test is positive.

2. False positive: the patient does not have the disease but the test is positive.

3. True negative: the patient does not have the disease and the test is negative

4. False negative: the patient has the disease but the test is negative.

Sensitivity relates to the test's ability to identify those patients with the disease.

Sensitivity = True positives / True positives + False negatives

If a test has high sensitivity then a negative result would suggest the absence of
disease. For example, a sensitivity of 100% means that the test recognises all actual
positives — i.e. all sick people are recognised as being ill. Thus, in contrast to a high
specificity test, negative results in a high sensitivity test are used to rule out the disease
(218).

Specificity of a clinical test refers to the ability of the test to correctly identify

those patients without the disease.

Specificity = True negatives / True negatives + False positives

If a test has high specificity, a positive result from the test means a high
probability of the presence of disease. Therefore, a test with 100% specificity correctly
identifies all patients without the disease. A test with 80% specificity correctly reports
80% of patients without the disease as test negative (true negatives) but 20% patients

without the disease are incorrectly identified as test positive (false positives) (218).
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Positive predictive value

In statistics and diagnostic testing, the positive predictive value is the proportion
of subjects with positive test results who are correctly diagnosed. It is useful to
clinicians since it answers the question: ‘How likely is it that this patient has the disease
given that the test result is positive?’ Its value does however depend on the prevalence
of the outcome of interest, which may be unknown for a particular target population.

The PPV can be derived using Bayes' theorem (219).

Positive predictive value = True positives / True positives + False positives
or

Positive predictive value = True positives / Test outcome positive

where
true positive - the event that the test makes a positive prediction, and the subject
has a positive result;

false positive - the event that the test makes a positive prediction, and the subject

has a negative result.

Negative predictive value

In statistics and diagnostic testing, the negative predictive value (NPV) is a
summary statistic used to describe the performance of a diagnostic testing procedure.
The NPV of a test answers the question: ‘How likely is it that this patient does not have
the disease given that the test result is negative?’ A high NPV means that when the test
yields a negative result, it is most likely correct in its assessment. In the familiar context
of medical testing, a high NPV means that the test only rarely misclassifies a sick
person as being healthy. Note that this says nothing about the tendency of the test to
mistakenly classify a healthy person as being sick (219).
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Negative predictive value = True negatives / True negatives + False negatives
or

Negative predictive value = True negatives / Test outcome negative

where
true negative - the event that the test makes a negative prediction, and the
subject has a negative result;
false negative - the event that the test makes a negative prediction, and the

subject has a positive result.

Unlike sensitivity and specificity, the PPV and NPV are dependent on the

population being tested and are influenced by the prevalence of the disease.
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3. RESULTS

3.1. The results of immunohistochemical staining

In the first stage of the study 50 malignant and 113 benign thyroidectomy
specimens were analysed including 36 papillary thyroid cancers and 14 follicular
cancers as well as 36 follicular adenomas and 77 cases of colloid goiters. The mean age
of the patients was 57 = 14.52 (24 - 85 years). There were 20 male patients and 143
females.

Of 36 papillary thyroid cancers 26 were stage I tumours and 10 were stage II. In

follicular cancers group 10 were stage I tumours and 4 were stage II.

3.1.1. Expression of E-cadherin

The mean expression of E-CAD in FA was 2.2 (95% CI = 1.92-2.48) which is
significantly higher than in the tissues surrounding FA - 0.63 (95% CI = 0.39-0.87).
Microphotography (Figure 3.1.) represents E-CAD expression in FA. FC also was
characterised by high expression of E-CAD - 2.1 (95% CI = 1.64-2.56). Unfortunately,
there was no possibility to analyse expression of E-CAD in thyroid tissue surrounding
FC due to its widespread invasion.

In contrast to FA and FC, PTC showed lowest expression of E-CAD - 0.55 (95%
CI = 0.34-0.75). Microphotography (Figure 3.2.) represents weak expression of E-CAD
in PTC.

In CG expression of E-CAD was 1.39 (95% CI = 1.23-1.54) which is lower that
FA or FC, but higher than in PTC.

Results of the expression of E-CAD in different thyroid lesions are summarised

in Table 3.1.



Table 3.1.

Descriptive statistics of E-CAD expression in different thyroid lesions

Target structure E-CAD expression intensity

N Mean + SD 95% CI Min Max
Follicular adenoma 36 2.20+0.82 1.92-2.48 0.15 3
Thyroid tissue surrounding | 35 | 634071 039 -0.87 0 15
follicular adenoma
Papillary thyroid cancer 36 0.55+0.61 0.34-0.75 0 24
Thyroid tissue surrounding | 34 | 50 ¢ g5 130-190 | 03 3
papillary thyroid cancer
Colloid goiter 77 1.39+0.69 1.23-1.54 0 3
Follicular cancer 14 2.10+0.80 1.64 - 2.56 0 3

Abbreviation in the Table: N, number of measurements; SD, standard deviation; CI, confidence interval
for a mean; Min, minimal observed value; Max, maximal observed value.

Taking into account the presented results, the sensitivity, specificity, PPV and
NPV of E-CAD were calculated. E-CAD shows high sensitivity and specificity for
separating FA from the tissue surrounding FA with values 0.888 and 0.875, respectively.
PPV and NPV were 0.888 and 0.875.

The sensitivity and specificity were 0.914 and 0.891 for FA compared to PTC.
For separating PTC from tissue surrounding PTC E-CAD shows 0.702 sensitivity and
0.869 specificity.

Comparison of sensitivity, specificity, PPV and NPV of E-CAD expression is
summarised in Table 3.2. Microphotography's (see Figure 3.1. and Figure 3.2.) represent
E-CAD expression in FA and PTC.
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Figure 3.1. Intense membranous expression of E-CAD in follicular adenoma, highlighted
by black arrows. Immunoperoxidase, magnification x 50. Microphotography by A. Ozolins

Figure 3.2. Weak membranous expression of E-CAD in papillary thyroid cancer,
highlighted by black arrow. Note intense expression in the adjacent benign thyroid tissue,
highlighted by red arrow. Inmunoperoxidase, magnification x 50. Microphotography by

A. Ozolins
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Table 3.2.
Comparison of sensitivity, specificity, positive predictive value and negative

predictive value of E-CAD expression in different thyroid lesions

Marker | Target | Positive | Negative | Total | Sensitivity | Specificity | PPV | NPV
structure
FA 32 4 36
0.888 0.875 0.888 | 0.875
TtS FA 4 28 32
PTC 3 33 36
E-CAD 0.702 0.869 0916 | 0.588
TtS PTC 20 14 34
FA 32 4 36
0914 0.891 0.888 | 0.916
PTC 3 33 36

Abbreviation in the Table: FA, follicular adenoma; TtS FA, thyroid tissue surrounding FA; PTC, papillary
thyroid cancer; TtS PTC, thyroid tissue surrounding PTC; PPV, positive predictive value; NPV, negative
predictive value.

The expression frequency of E-CAD was found in 32/36 (88.8%; 95% CI =
74.7-96.0%) cases of FA. In contrast, thyroid tissue surrounding FA showed very low E-
CAD expression frequency - 4/32 (12.5%; 95% CI = 5.0-28.0%). Notable is the fact that
expression of E-CAD in case of PTC was found only in 3/36 cases (8.3%; 95% CI =
2.8-21.8%). More frequently E-CAD expression was present in thyroid tissue
surrounding PTC, namely, 20/34 (58.8%; 95% CI = 42.2-73.6%). The expression
frequency of E-CAD in FC was found in 13/14 (92.8%; 95% CI = 68.5-98.7%) of cases.

Results of the expression frequency of E-CAD in different thyroid lesions are

summarised in Table 3.3.

Table 3.3.

Frequency of E-CAD expression in different thyroid lesions

Target structure E-CAD

Expression n (%) 95% CI

Follicular adenoma (n=36) 32 (88.8%) 74.7 - 96.0
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Target structure E-CAD

Thyroid tissue surrounding follicular adenoma (n=32) 4 (12.5%) 5.0-28.0
Papillary thyroid cancer (n=36) 3 (8.3%) 2.8-21.8
g;lh:y;‘(‘);d tissue surrounding papillary thyroid cancer 20 (58.8%) 422 -73.6
Colloid goiter (n=77) 25 (32.4%) 23.0-43.5
Follicular cancer (n=14) 13 (92.8%) 68.5 - 98.7

Abbreviation in the Table: n, absolute number; CI, confidence interval for a proportion.

3.1.2. Expression of CD56

The mean expression of CD56 in FA was 2.2 (95% CI = 1.88-2.51) which is
significantly higher than in the tissue surrounding FA - mean value 0.95 (95% CI =
0.67-1.22) Microphotography (Figure 3.3.) represents CD56 expression in FA. FC was
characterised by highest expression of CD56 - mean value 2.3 (95% CI = 1.72-2.87).

In PTC expression of CD56 was significantly lover than in the tissue
surrounding PTC, namely, 0.2 (95% CI = 0.13-0.26) and 1.02 (95% CI = 0.85-1.18),
respectively. Microphotography (Figure 3.4.) represents lack of CD56 expression in
PTC. In CG expression of CD56 was 0.85 (95% CI = 0.70-0.99) which is lower that FA
or FC, but higher than in PTC.

Results of the expression of CD56 in different thyroid lesions are summarised in

Table 3.4.

Table 3.4.

Descriptive statistics of CD56 expression in different thyroid lesions

Target structure CD56 expression intensity
N Mean + SD 95% CI Min Max
Follicular adenoma 36 2.20+0.92 1.88 -2.51 0.6 3

Thyroid tissue surrounding

follicular adenoma 32 0.95+0.77 0.67-1.22 0 3
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Target structure CD56 expression intensity

Papillary thyroid cancer 36 0.20+0.19 0.13-0.26 0 0.6
Thyroid tissue surrounding | 5, | 5 4 ) 47 0.85-1.18 0.6 2.4
papillary thyroid cancer

Colloid goiter 77 0.85+0.63 0.70 - 0.99 0 3
Follicular cancer 14 2.30+1.00 1.72 -2.87 04 3

Abbreviation in the Table: N, number of measurements; SD, standard deviation; CI, confidence interval
for a mean; Min, minimal observed value; Max, maximal observed value.

Taking into account the presented results, the sensitivity, specificity, PPV and
NPV of CD56 were calculated. CD56 sensitivity, specificity for separating FA from the
tissue surrounding FA were 0.882 and 0.823 as well as PPV and NPV were 0.833 and
0.875, respectively. Comparing FA and PTC the sensitivity and specificity were 1.0 and
0.857, respectively. For separating PTC from tissue surrounding PTC CD56 shows
0.530 sensitivity and 1.000 specificity.

Comparison of sensitivity, specificity, PPV and NPV of CD56 expression is
summarised in Table 3.5. Microphotography's (see Figure 3.3. and Figure 3.4.) represent
CD56 expression in FA and PTC.

Figure 3.3. Intense membranous expression of CD56 in follicular adenoma, highlighted by
black arrows. Inmunoperoxidase, magnification x 50. Microphotography by A. Ozolins
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Figure 3.4. Absence of CD56 expression in papillary thyroid cancer, highlighted by black
arrows. Immunoperoxidase, magnification x 100. Microphotography by A. Ozolins

Table 3.5.
Comparison of sensitivity, specificity, positive predictive value and negative

predictive value of CD56 expression in different thyroid lesions

Marker | Target | Positive | Negative | Total | Sensitivity | Specificity | PPV | NPV
structure
FA 30 6 36
0.882 0.823 0.833 | 0.875
TtS FA 4 28 32
PTC 0 36 36
CD56 0.530 1.000 1.000 | 0.058
TtS PTC 2 32 34
FA 30 6 36
1.000 0.857 0.833 | 1.000
PTC 0 36 36

Abbreviation in the Table: FA, follicular adenoma; TtS FA, thyroid tissue surrounding FA; PTC, papillary
thyroid cancer; TtS PTC, thyroid tissue surrounding PTC; PPV, positive predictive value; NPV, negative
predictive value.

66



The expression frequency of CD56 was found in 28/36 (78.0%; 95% CI =
62.0-88.2%) cases of FA. In contrast, thyroid tissue surrounding FA showed
comparatively low CD56 expression frequency - 4/32 (12.5%; 95% CI = 5.0-28.0%). In
case of PTC there where no CD56 expression observed and only one case in thyroid
tissue surrounding papillary thyroid cancer. In case of FC expression was observed
13/14 cases.

Results of the expression frequency of CD56 in different thyroid lesions are

summarised in Table 3.6.

Table 3.6.

Frequency of CD56 expression in different thyroid lesions

Target structure CD56

Expression n (%) 95% CI

Follicular adenoma (n=36) 28 (78.0%) 62.0 - 88.2
Thyroid tissue surrounding follicular adenoma (n=32) 4 (12.5%) 5.0-28.0
Papillary thyroid cancer (n=36) 0 (0%) 0-9.6
Th_yroid tissue surrounding papillary thyroid cancer 1 (3.0%) 05-15.0
(n=34)

Colloid goiter (n=77) 10 (13.0%) 7.2-222
Follicular cancer (n=14) 13 (92.8%) 68.5-99.0

Abbreviation in the Table: n, absolute number; CI, confidence interval for a proportion.

3.1.3. Expression of HBME-1

The expression of HBME-1 was absent in benign thyroid lesions including FA,
CG and pericancerous tissue but was notably high in PTC with the average intensity
2.80 (95% CI = 2.68-2.91) and 4/14 cases of FC with the average intensity 0.90 (95%
CI=0.10-1.70). Microphotographs represents lack of HBME-1 expression in FA
(Figure 3.5.) and intense HBME-1 expression in PTC and FC (Figure 3.6., 3.7.). Results

of the expression of HBME-1in different thyroid lesions are summarised in Table 3.7.
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Table 3.7.

Descriptive statistics of HBME-1 expression in different thyroid lesions

Target structure HBME-1 expression intensity

N Mean + SD 95% CI Min Max
Follicular adenoma 36 0.09 +0.37 0-0.22 0 1.8
poyroud tissue surrounding | 35 | 0,001+0.003 | 0-0.002 0 | 003
Papillary thyroid cancer 36 2.80+0.33 2.68-2.91 2.1 3
g:gﬁﬁfyi;i‘ifgf;ﬁ:f“g 34 | 0.006+0.03 0-0.016 0 | 015
Colloid goiter 77 0 0 0 0.15
Follicular cancer 14 0.90 +1.40 0.10-1.70 0 2.85

Abbreviation in the Table: N, number of measurements; SD, standard deviation; CI, confidence interval
for a mean; Min, minimal observed value; Max, maximal observed value.
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Figure 3.5. Lack of HBME-1 in follicular adenoma. Immunoperoxidase, anti-HBME-1,
magnification x100. Microphotography by A. Ozolins
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Figure 3.6. Intense membranous expression of HBME-1 in papillary thyroid cancer,
highlighted by black arrows. Immunoperoxidase, anti-HBME-1, magnification x 100.
Microphotography by A. Ozolins

Figure 3.7. Intense heterogeneous expression of HBME-1 in follicular cancer.
Immunoperoxidase, anti-HBME-1, magnification X 100. Microphotography by A. Ozolins
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Taking into account the presented results, the sensitivity, specificity, PPV and
NPV of HBME-1 were calculated. Sensitivity, specificity, PPV and NPV for separating
PTC from the tissue surrounding PTC using HBME-1 is 1.000. To differentiate FA from
PTC sensitivity and specificity is 1.000 and 0.973. Besides PPV and NPV is 0.970 and
1.000, respectively. HBME-1 has an extremely high value in the differential diagnostics
of PTC showing high ability to discriminate between PTC and FA or benign tissues.

Results of the expression of HBME-1 and comparison of sensitivity, specificity,
PPV and NPV are summarised in Table 3.8. Microphotography images (see Figure 3.5.,
3.6. and 3.7.) represent HBME-1 expression in FA, PTC and FC.

Table 3.8.
Comparison of sensitivity, specificity, positive predictive value and negative

predictive value of HBME-1 expression in different thyroid lesions

Marker | Target | Positive | Negative | Total | Sensitivity | Specificity | PPV | NPV
structure
FA 1 35 36
0.522 0.000 0.972 | 0,000
TtS FA 0 32 32
PTC 36 0 36
HBME-1 1.000 1.000 1.000 | 1.000
TtS PTC 0 34 34
FA 1 35 36
1.000 0.973 0.970 | 1.000
PTC 36 0 36

Abbreviation in the Table: FA, follicular adenoma; TtS FA, thyroid tissue surrounding FA; PTC, papillary
thyroid cancer; TtS PTC, thyroid tissue surrounding PTC; PPV, positive predictive value; NPV, negative
predictive value.

The expression frequency of HBME-1 was found only in 1/36 (3%; 95% CI =
0.5-14.1%) cases of FA and in none of thyroid tissue surrounding FA as well as CG.
While in PTC expression was present in 36/36 (100%; 95% CI = 90.3-100%) but there
where no expression in thyroid tissue surrounding PTC. FC showed expression of

HBME-1 in 4/14 cases (28.5%; 95% CI = 11.7-54.6%).
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Results of the expression frequency of HBME-1 in different thyroid lesions are

summarised in Table 3.9.

Table 3.9.
Frequency of HBME-1 expression in different thyroid lesions

Target structure HBME-1

Expression n (%) 95% CI

Follicular adenoma (n=36) 1 (3.0%) 0.5-14.1
Thyroid tissue surrounding follicular adenoma (n=32) 0 (0%) 0-10.7
Papillary thyroid cancer (n=36) 36 (100%) 90.3 - 100.0
Th_yroid tissue surrounding papillary thyroid cancer 0 (0%) 0-10.1
(n=34)

Colloid goiter (n=77) 0 (0%) 0-4.7
Follicular cancer (n=14) 4 (28.5%) 11.7 - 54.6

Abbreviation in the Table: n, absolute number; CI, confidence interval for a proportion.

3.1.4. Expression of COX-2

The expression of COX-2 was low in all lesions and did no show any statistical
significant differences between groups. Results of the expression of COX-2 are

summarised in Table 3.10.

Table 3.10.

Descriptive statistics of COX-2 expression in different thyroid lesions

Target structure COX-2 percentage of positive cells
N Mean + SD 95% CI Min Max
Follicular adenoma 36 0.25+041 0.11-0.39 0 0.53

Thyroid tissue surrounding

. 32 0.12+0.24 0.03-0.20 0 0.31
follicular adenoma
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Target structure COX-2 percentage of positive cells

Papillary thyroid cancer 36 0.21+0.38 0.08 - 0.34 0 0.51
g:girl?;fytit;;‘lrzisé‘g;&rﬁing 34 | 020+0.32 0.09 - 0.31 0 0.47
Colloid goiter 77 0.34+0.42 0.24-0.43 0 0.72
Follicular cancer 14 0.34 +0.67 0-0.73 0 0.85

Abbreviation in the Table: N, number of measurements; SD, standard deviation; CI, confidence interval
for a mean; Min, minimal observed value; Max, maximal observed value.

3.1.5. Expression of Ki-67

The expression of Ki-67 was generally low, not reaching 5%. However, there
were statistically significant differences between PTC with expression 2.36 (95% CI =
2.07-2.64) and the surrounding tissues with expression 0.99 (95% CI = 0.83-1.14). In
FC expression was 3.62 (95% CI = 3.00-4.25) which is significantly higher than in FA
1.07 (95% CI = 0.85-1.29) or CG 0.69 (95% CI = 0.56-0.82).

Overall proliferative activity was significantly higher in cancers. Results of the

expression of Ki-67 are summarised in Table 3.11.

Table 3.11.

Descriptive statistics of Ki-67 expression in different thyroid lesions

Target structure Ki-67 percentage of positive cells
N Mean + SD 95% CI Min Max

Follicular adenoma 36 1.07 £0.65 0.85-1.29 0.1 1.7
;ﬁﬂi‘:j&:ﬁ;‘;ﬁ;‘g"un‘img 32 | 0.75+0.52 0.56 - 0.93 0 1.2
Papillary thyroid cancer 36 2.36+£0.85 2.07-2.64 0.2 4.7
g:r-‘)/irlﬁfyﬁt;?“;f;fg;‘fng 34 | 0994045 0.83- 1.14 0 1.3
Colloid goiter 77 0.69 +0.57 0.56 - 0.82 0 1.0
Follicular cancer 14 3.62+1.10 3.00 - 4.25 0.4 4.9
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Abbreviation in the Table: N, number of measurements; SD, standard deviation; CI, confidence interval
for a mean; Min, minimal observed value; Max, maximal observed value.

3.1.6. Expression of p53

No expression of p53 was found in any of the group.

3.2. The results of immunocytochemical staining

In the second stage of the study we picked three of six markers (E-CAD, CD56
and HBME-1) analysed in the first stage who showed most promising and acceptable
results. Twenty-six malignant and 42 benign thyroid FNA cases confirmed by
subsequent surgical resection were included. Study group consisted of 25 papillary
thyroid cancers, 1 follicular cancer as well as 22 follicular adenomas and 20 cases of
colloid goiters.

The mean age of the patients was 54 + 13.96 (22 - 77 years). There were 6 male

patients and 62 females. Of all cancers 24 were stage I tumours and 2 were stage II.

3.2.1. Expression of E-cadherin in FNA material

The expression by immunocytochemistry of E-CAD was found in 16/22 (72.7%;
95% CI = 52.0-87.0%) cases of FA. In contrast, PTC showed very low E-CAD
expression 2/25 (8%; 95% CI = 2.2-25.0%). In case of CG expression of E-CAD was
2/20 (10%; 95% CI = 2.8-30.1%). No expression was found in FC.

Results of the immunocytochemical staining of E-CAD are summarised in Table
3.12. Microphotography (Figure 3.8.) represents cytoplasmic expression of E-CAD in a
group of thyroid epithelial cells.
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Table 3.12.
Frequency of E-CAD expression in FNA material of different thyroid lesions

Target structure E-CAD

Expression n (%) 95% CI
Follicular adenoma (n=22) 16 (72.7%) 50.0 - 88.0
Colloid goiter (n=20) 2 (10%) 1.75-33.1
Papillary thyroid cancer (n=25) 2 (8%) 1.40-27.5
Follicular cancer (n=1) 0 (0%) 0-95.0

Abbreviation in the Table: n, absolute number; CI, confidence interval for a proportion.

Figure 3.8. Cytoplasmic expression of E-CAD in a group of thyroid epithelial cells.
Immunoperoxidase, anti-E-CAD, magnification x 400. Microphotography by A. Ozolins

3.2.2. Expression of CD56 in FNA material

The expression by immunocytochemistry of CD56 was found in 12/22 (54.5%;
95% CI = 34.6-73.0%) cases of FA. In contrast, PTC showed very low CD56 expression
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1/25 (4%; 95% CI = 0.7-20.0%). In case of CG expression of CD56 was 1/20 (5%; 95%

CI=0.9-23.6%) No expression was found in FC.

Results of the immunocytochemical staining of CD56 are summarised in Table

3.13. Microphotography (Figure 3.9.) represents intense membranous expression of

CD56 in a single epithelial cell.

Table 3.13.

Frequency of CD56 expression in FNA material of different thyroid lesions

Target structure CD56

Expression n (%) 95% CI
Follicular adenoma (n=22) 12 (54.5%) 34.6-73.0
Colloid goiter (n=20) 1 (5%) 0.9-23.6
Papillary thyroid cancer (n=25) 1 (4%) 0.7-20.0
Follicular cancer (n=1) 0 (0%) 0-79.3

Abbreviation in the Table: n, absolute number; CI, confidence interval for a proportion.

Figure 3.9. Intense membranous expression of CD56 in a single epithelial cell despite the
rich presence of red blood cells in the clearly suboptimal smear. Immunoperoxidase, anti-

CDS56, magnification x 400. Microphotography by A. Ozolins
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3.2.3. Expression of HBME-1 in FNA material

The expression by immunocytochemistry of HBME-1 in PTC was significantly
higher than in another thyroid lesions included in the study 24/25 (96%; 95% CI =
80.4-99.3%). HBME-1 expression was absent in FA and CG as well as in the only case
of FC. Results of the immunocytochemical staining of HBME-1 are summarised in

Table 3.14.

Table 3.14.
Frequency of HBME-1 expression in FNA material of different thyroid lesions

Target structure HBME-1
Expression n (%) 95% CI
Follicular adenoma (n=22) 0 (0%) 0-15.0
Colloid goiter (n=20) 0 (0%) 0-16.1
Papillary thyroid cancer (n=25) 24 (96%) 80.4-99.3
Follicular cancer (n=1) 0 (0%) 0-380.0

Abbreviation in the Table: n, absolute number; CI, confidence interval for a proportion.
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4. DISCUSSION

Thyroid nodules are fairly common findings in clinical practice affecting
approximately 40% of the population between 30 and 60 years old in the United States,
besides thyroid cancer is the most common endocrine malignancy. Luckily most of
these nodules are benign tumors or hyperplastic lesions and only a minority are
malignant or suspicious tumours that require surgery. Therefore it is important to
identify these benign lesions for proper management and to realise best possible benefit
for the patients. For post-operative management of patients with thyroid nodules,
accurate diagnosis is very critical as well. Errors in any of the patients management
stage can lead to significant psycho-social problems and unnecessary increase in
healthcare cost (152).

The local importance of the problem is emphasised by the growing cases of
thyroid cancer in Latvia (220). Trend in increasing occurrence of thyroid cancer and
division between sex is represented in Figure 4.1. According to data provided by Central
Statistical Bureau of Latvia there is a 3.3% increase in thyroid cancer cases comparing
year 1990 (n=59) with 2011 (n=195). According to data of year 2011 incidence of
thyroid cancer in women is 5% more than in man (220).

200
All

—
~
(9]

~ Women

—_—
W
(e

—_—
[\
(9]

~
(V)]

Incidence Rate per Year
S
()

W
o

25 Men

1990 1993 1996 1999 2002 2005 2008 2011
Year

Figure 4.1. Cases of Thyroid Cancer (1990-2011) in Latvia



The decision whether to observe the nodules or to refer patient to surgical
operation, is based on clinical information, thyroid US, scintigraphy, and FNA
diagnosis. Although thyroid cancer constitutes one of the curable cancers, the
differential diagnosis can often be ambiguous.

The current standard in the diagnosis of thyroid lesions is by histologic
examination of routine HE stained sections. However, it is widely known that the
interpretation of follicular lesions can be quite difficult (152).

As early as 1982 it was stated that FNA is the most sensitive and specific test for
diagnosis of thyroid nodules. FNA of the thyroid is widely used since it has been proven
to be a safe, inexpensive, and reliable diagnostic procedure.

First FNA of the thyroid in Latvia was performed in 1991 by Peteris Prieditis. In
early years there were only some cases of thyroid FNA no exceeding 20-30 per year
(221). Nowadays FNA of the thyroid are performed in several places, namely, in Pauls
Stradins Clinical University hospital, Clinic Teika, Riga Eastern Hospital Latvian
Oncology Centre, and much less in Latvian cites Valmiera and Liepaja. Most of all
thyroid FNA are performed in Clinic Teika - 1200 per year (data of year 2011), then
follows Riga Eastern Hospital Latvian Oncology Centre - 700 per year and 400 per year
in Pauls Stradins Clinical University hospital (222).

In fact, the present consensus is that thyroid FNA biopsy is the procedure of
choice for evaluation of nodules therefore cytologic interpretation can play a very
important role in further clinical management of the patient. There are well-known
limitations in the role of thyroid FNA, most importantly its inability to differentiate
benign from malignant follicular neoplasms, since the final diagnosis rests on the
histologic identification of capsular and / or vascular invasion, not available for
cytology. Histologic evaluation of surgically resected follicular lesions can be
challenging as well because identification of invasion can be tricky due to incomplete
capsular penetration, equivocal vascular invasion or technical difficulties due to
processing or sectioning artefacts (223-225). Another difficult situation can develop
when some but not all the diagnostic nuclear features of papillary thyroid cancer are
present.

A successful FNA biopsy rests on several factors such as trained, dedicated

specialists to perform the FNA and read the smears, as well as maintain constant
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interaction with radiologists, endocrinologists, surgeons, and oncologists. The use of
ancillary techniques is also of importance. Since FNA cytology itself is not a reliable
method to differentiate between benign and malignant follicular tumors or lesions, these
patients usually undergo surgical resection, while only about 10% of them will after all
have malignant tumors (5).

According to aforementioned reasons, during the last several years researchers
have focused on finding molecular or IHC markers that could help in the distinction
between benign and malignant lesions of the thyroid.

Recent advances on molecular diagnostics, such as immunocytochemistry,
enzyme activity assays and real-time polymerase chain reaction, allowed a further
analysis of FNA material in attempt to differentiate benign from malignant thyroid
nodules. ICH was introduced to the practice of pathology in the early 1970s, however,
in thyroid pathology, originally its use has been restricted. Gradually ICH found new
applications in aspiration cytology. First, it has been introduce to obtain thin layer slides
in cervical cytology and due to excellent results in this field, have encouraged a wider
application to almost all cytological branches, including thyroid FNA biopsy (226).

New techniques have been introduced to thyroid FNA procedure to enhance its
diagnostic yield and improve the accuracy. In spite of these improvements, many writes
that even in “the right hands” the rate of inadequate smears is rarely lower that 10% and
there remain difficulties in cytodiagnosis of follicular-derived lesions. For this reason,
the characterisation of follicular thyroid nodules is widely considered as the “gray zone
of FNA cytology” (31, 131, 202, 227). A precise diagnosis of papillary thyroid cancer in
FNA material is practicable with the use of contemporary cytology techniques and
immunocytochemistry, which is the valuable tool for correct and accurate diagnosis.

Much attention has shifted to identifying molecular or IHC markers that can
help to distinguish adenomatous colloid nodules or follicular adenoma from follicular
carcinoma on one hand, and papillary thyroid cancer from follicular neoplasm on the
other hand (228).

During the last several years, a growing number of IHC markers have been
tested in histologic and, to a lesser amount, on FNA samples with variable success rates
(154, 229-232). Mostly the evaluation of IHC markers have been conducted on

surgically resected thyroid specimens. However, similar studies were also done on FNA
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cytologic specimens using cell block preparations (231, 233, 234). Generally, the
studies have shown similar results of markers expression between surgical specimens
and FNA cell block sections.

The diagnosis of papillary thyroid cancer in FNA specimens is usually
unsophisticated when classic cytologic features are present (235, 236). However, in
clinical practice there are often situation when it is difficult to make an unequivocal
cytologic diagnosis of papillary thyroid cancer. The diagnostic difficulties are related to
observation that some of typical cytologic features of papillary thyroid cancer (nuclear
grooves, giant cells, psammoma bodies, papillary fragments) can also be observed in
nonneoplatic lesions and follicular neoplasms of the thyroid (237). Adenomatous
nodules, follicular adenomas and hot autonomous nodules also can show papillary
fragments, nuclear enlargement, and nuclear grooves. Thus, benign lesions can
occasionally be misdiagnosed as PTC. A marker that would readily differentiate
papillary thyroid cancer from nonneoplatic thyroid lesions and follicular neoplasms
would be useful in resolving thees common diagnostic dilemmas.

Considering the data in literature, of a large number of investigated IHC
markers, only a few have emerged as potentially useful and clearly no single “magic”
marker that distinguishes follicular adenomas from carcinomas has yet been found. In
fact, several reports on this topic have provided conflicting results. Variances are mainly
due to the apparently false-positive staining of some of the markers in normal thyroid or
adenomas (230, 238). To solve the aforementioned issues, we designed this study on a
relatively large number of histologically proven thyroid follicular lesions, and tested a
panel of commercially available IHC markers (HBME-1, CD56, E-CAD, COX-2, Ki-67
and p53).

Most studies using HBME-1 for diagnosis of thyroid tumours have been
performed in tissue samples and only a few studies using FNA material have been
carried out (153, 155, 158, 159, 238, 239).

According to our data on tissue samples, HBME-1 had a high expression level in
papillary thyroid cancer and 4/14 in follicular cancer. High HBME-1 expression was
present also on FNA samples. There was no HBME-1 expression in benign lesions of

surgical tissue samples as well as in FNA material. This agrees with the study by Nasr et
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al. (153) on thyroidectomy specimens showing positive expression of HBME-1 in 49/51
(96%) of papillary thyroid cancer, whereas normal thyroid tissue was consistently
negative. Overall, HBME-1 in his study showed 96% sensitivity and 93% specificity for
PTC.

Although Miettinen’s study analysing operation material showed HBME-1
expression in 145/145 papillary thyroid cancer and 27/27 follicular cancer. In contrast,
33% cases of nodular goitres and papillary hyperplasia either showed no reactivity or
were focally positive (155). Notable is the fact that all cases of FC were with high
expression. In our study only 4/14 cases of FC had high expression level. This
difference could be explainable with different antibody clone. However we believe that
the invariably high expression suggests the possibility of technological failure.

A study by Saleh et al. (240) performed immunocytochemical staining of
HBME-1 on cell block sections of thyroid FNA. They concluded that HBME-1 also had
a high immunoexpression level in malignant tumours 24/27 (88.8%) compared to
benign lesions 12/44 (27.3%). This agree with our study as well with the previous
studies showing a high rate of immunoexpression of HBME-1 in malignant thyroid
tumours (154, 229, 241).

Scognamiglio et al. (242) analysed HBME-1 expression in 78 cases of papillary
thyroid cancer, including 49 classic papillary thyroid cancer and 29 cases of follicular
variant of papillary thyroid cancer. Results showed expression of HBME-1 in 43 (88%)
cases of classic papillary thyroid cancer and 29 (86%) of follicular variant of papillary
thyroid cancer. The main conclusion agrees with our finding that diffuse and intense
membranous staining with HBME-1 strongly supports the diagnosis of papillary thyroid
cancer. Similar study was performed by Cheung et al. (243) who reported HBME-1
positivity in 38/54 (70%) classic papillary thyroid cancer and 38/84 (45%) follicular
variant of papillary thyroid cancer with no expression in 40 nodular hyperplasia cases
and 35 follicular adenomas. In follicular cancer HBME-1 expression was found in 2/4
(50%). Comparing to our study HBME-1 expression in papillary thyroid cancer is
notably lower. Previous studies reinforces and prove our approach not dividing papillary
thyroid cancer for analysis into different its variants for example follicular variant of

papillary thyroid cancer.
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A large study by Saggiorato et al. (230) retrospectively analysed expression of
HBME-1, galectin-3, thyroperoxidase and cytokeratin-19 in 125 consecutive FNA
samples of indeterminate diagnoses of “follicular thyroid neoplasm”, and compared
with their corresponding surgical specimens, including 33 follicular cancer, 42 papillary
thyroid cancer and 50 follicular adenomas. Statistical analysis confirmed that galectin-3
and HBME-1 were the most sensitive (92% and 80% respectively) and specific (94%
and 96% respectively) molecules.

Study by Liang et al. demonstrated overexpression of HBME-1 in thyroid
carcinomas, with 92% of cases showing positive expression compared with 29% for
thyroid adenomas. Main conclusion of the author agrees with finding in our study
indicating that HBME-1 could be considered a good marker for distinguishing between
benign and malignant differentiated thyroid tumours.

Prasad et al. (239) very similar to our study demonstrated HBME-1 expression
in 57/67 (85%) papillary thyroid cancer, 3/6 (50%) follicular cancer and only 1/102
(1%) non-neoplastic thyroid lesions stained for HBME-1. Under the term non-
neoplastic thyroid lesions author included 29 nodular goiters, 14 diffuse thyrotoxic
hyperplasia and 59 normal thyroid tissues.

A total number of 83 FNA cases were included in the study by Pazaitou-
Panayiotou et al. (244). HBME-1 similarly as in our study showed a predominantly
strong membranous pattern and was positive in 65 out of 83 cases (86.7%) of papillary
thyroid cancer.

Some other investigators have reported confident results of HBME-1 expression
in papillary thyroid cancer and some follicular cancer, but low or negative expression in

benign thyroid tissue (175, 245-247).

Several studies have investigated the expression of E-CAD in thyroid
malignancies. It is recognised that the reduction of E-CAD expression is associated with
thyroid neoplasms (167, 172-175).

Analysing our data papillary thyroid cancer demonstrated a significant reduction
in E-CAD expression when compared to FA or thyroid tissue surrounding papillary
thyroid cancer. In contrast, follicular cancer showed no significant differences in E-

CAD expression compared to follicular adenoma and the expression was generally very
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high. As mentioned before, there was only one case of follicular carcinoma to analyse in
second stage of the study in FNA material. The low and heterogenous expression of E-
CAD in papillary thyroid cancer and intensive in follicular adenoma or follicular cancer
confirms the results of Brabant et al. (167) where in 9 of 16 patients with papillary
thyroid cancer the level of E-CAD was clearly reduced, which was particularly evident
when compared to normal tissue located near the tumour. Still expression of E-CAD in
papillary thyroid cancer was highly variable. In follicular cancer (n=6) E-CAD
expression also varied considerably. Expression was rather in high levels well above
average which is similar finding in tissue of various benign thyroid diseases, including
normo- and hyperfunctioning follicular adenomas. Considering these findings author
concludes that E-CAD is a marker of thyroid differentiation, because in anaplastic
carcinomas (n=6), which are most malignant group of thyroid tumours, the expression
of E-CAD was very weak or undetectable. Here follows that loss of E-CAD expression
and/or defective posttranscriptional control appear to be restricted to undifferentiated
and metastatic thyroid tumours. In our study anaplastic carcinomas or metastatic thyroid
tumours were not included, otherwise results of Brabant et al. are very similar.

Our study agree with previously reported data by Soares et al. (172) who
analysed E-CAD expression in surgically removed material of follicular adenomas
(n=52), follicular cancer (n=8), papillary thyroid cancer (n=18) and poorly
differentiated carcinoma (n=3). The results showed moderate to strong membranous
expression in every neoplastic cell of follicular cancer, whereas in papillary thyroid
cancer the immunoreactivity was comparatively less intense and negative areas were
frequently observed. The main conclusion of the study by Soares et al. states that
reduced E-CAD expression means reduced differentiation and increased aggressiveness
of the tumour.

Confident results are showed by Dahlman et al. (248) from Karolinska Hospital,
Sweden where the role of integrins and E-CAD were evaluated on the normal thyroid
gland and in different type of tumours including six follicular adenomas, seven
follicular cancers, ten papillary thyroid cancer and four anaplastic carcinomas. Results
of the study agree with other published as well as with our study were E-CAD displayed

a strong staining of the lateral cell borders in all tissues examined, except in anaplastic
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carcinomas, in which the staining was weak and in some specimens absent. Anaplastic
carcinomas were not included in our study due to rarity of the disease.

Unlike results previously reported moreover different results from our study are
showed by Smyth et al. (249) who analysed E-CAD expression in operation material of
31 papillary thyroid cancers, 12 follicular cancers and 16 follicular adenomas. Contrary
to results of our study follicular cancer demonstrated a significant reduction in E-CAD
expression when compared to normal thyroid or follicular adenoma. In contrast,
papillary thyroid cancer showed no significant reduction in expression. This difference
in expression of follicular cancer and papillary thyroid cancer has not been reported
previously, and although the data differs from previously published works as well as
from results of our study. One of the explanation of such a differences in expression is
possibly explained by different technological approach, namely, Smyth et al. for
obtaining results used reverse transcription-polymerase chain reaction.

Choi et al. (175) analysed expression of E-CAD in tissue material of the thyroid
including 67 papillary thyroid cancers, 30 follicular cancers and 9 colloid goiters. Choi
et al. clearly shows diffusely positive expression of E-CAD in papillary thyroid cancer
and similarly in follicular cancer. Expression in colloid goiter is found in maximum
intensity in 100% of cases. Comparatively in our study the expression of papillary
thyroid cancer at the same time was not so high as in case of follicular cancer. Higher E-
CAD reactivity for the follicular cancer could be explained with use of special biotin
blocking system. In our study, due to different cut-off level and more sensitive
technology, we were able to demonstrate differencies in E-CAD expression in papillary
thyroid cancer and benign lesions.

Considerable study is published by Batistatou et al. (250) who analysed E-CAD
expression in thyroid tissue blocks of eighty papillary thyroid cancers.
Immunoreactivity for E-CAD was detected in the membranes of non-neoplastic
follicular cells. In papillary thyroid cancer low expression was detected in 37.5%
(15/40) of the cases, intermediate expression in 40% (16/40), and high expression in
20% (8/40). These findings are rather similar to our study, only the possible
mechanisms of E-CAD inactivation are still under investigation. Batistatou et al.

mentions that irreversible molecular alterations of the E-CAD are infrequent in thyroid

84



tumours, while methylation is frequent in papillary thyroid cancer and translational
pathways may also be involved in the reduction of E-CAD expression in the thyroid.

Contradictory results are published by Liang et al. (187) who analysed E-CAD
expression in tissue specimens from 45 papillary thyroid cancers, 26 follicular cancers
and 48 follicular adenomas. According to results of the study negative or weakly
positive expression of E-CAD was met in follicular adenomas as well as in both types
of carcinomas. These findings are contrary to most of the published data as well to
results of our study.

One of the few studies published so far of E-CAD expression in FNA material of
the thyroid are made by Pazaitou-Panayiotou et al. (244). E-CAD expression was
analysed in 83 FNA cases diagnosed as papillary thyroid cancer and results showed
positive E-CAD in 5 out of 83 (6%) cases, and 79 (93.97%) cases showed loss of
expression. All controls retained their normal expression. These findings are like results
of our study. The author concludes that loss of expression of E-CAD may provide an
objective diagnostic tool, and its use may be extremely useful in the diagnosis of
papillary thyroid cancer, especially in doubtful cases.

Original study was done by Erdem et al. (251) who analysed tissue material of
79 patients with papillary thyroid cancer. Interestingly marker expression intensity was
analysed in following groups: age groups (<35 age; 35-55 age; >55 age), stage of the
tumour (stage I, II, IIT and IV), diameter of the tumour (<2 cm; 2-4 cm; >4cm) as well
as patients showing presence of thyroid gland capsule invasion and lymph node
metastasis.

The trend of E-CAD expression in papillary thyroid cancer was as reported
previously and similarly to our study, but when comparing to expression differences in
different study groups mentioned above, there were no statistically significant
differences.

In our study, statistically significant differences was observed regarding E-CAD
expression in benign thyroid tissue surrounding follicular adenoma and papillary
thyroid cancer with upregulation in tissue adjacent to papillary thyroid cancer. The
differences can be explained by the interaction between invasive tumour and

surrounding tissue in contrast to non-invasive neoplasia. Hypothetically, it can influence
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the diagnostics significantly, with possible beneficial meaning in diagnostic pathology,

by negative - in FNA.

So far there are very few studies published concerning CD56 expression in
thyroid neoplasms. Notable is the fact that there are no study published about CD56
expression in such a number of FC cases and only one study exists were CD56
expression is analysed in thyroid FNA material.

Similar results to our finding was published by Migita et al. (252) where CD56
expression intensity was analysed in thyroidectomy specimens. Comparatively
confident results of the study showed less than 10% cell expression of CD56 in
papillary thyroid cancer whereas colloid goitre and follicular adenoma showed
approximately 70% of the cells positive results. These results are similar to our study
except for papillary thyroid cancer where it was remarkably decreased.

Study by Zeromski et al. (164) analysed CD56 expression in benign samples of
human thyroid collected during surgery. According to study results CD56 expression
showed positive results on all benign thyroid tissue examined (simple goiter, Grave’s
disease, Hashimoto’s thyroiditis). Author is speculating that CD56 is involved in the
morphogenesis, the growth and the function of thyroid gland in both, normal and
pathological conditions, by promoting homotypic cell adhesion (164).

Recent study from the group of researchers form Canada leaded by El
Demellawy et al. (161) collected 185 cases of different thyroid gland lesions and
concluded that diffuse CD56 expression was consistently present in normal, lesional,
and neoplastic follicular epithelium, except for PTC, including the follicular variant. All
cases of papillary thyroid cancer showed absent of CD56 expression, whereas in all
non-papillary thyroid cancer groups, the CD56 expression were membranous and
diffuse, involving 100% of the thyrocytes in the lesion. Interestingly that CDS56
expression was retained in follicular cancer which is exactly the same finding as in our
study but only here two cases of follicular cancer are present. EI Demellawy et al.
concludes that the use of CD56 is extremely helpful in selecting cases of papillary
thyroid cancer (including follicular variant) from other follicular cell-derived thyroid

lesions/tumours, with 100% sensitivity and 100% specificity. Adding this marker to IHC
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panel will assist in the making of papillary thyroid cancer diagnosis, particularly
follicular variant.

The only study published so far about CD56 expression analysis in thyroid FNA
is made by Pazaitou-Panayiotou et al. (244). CD56 expression was analysed in 83 FNA
cases diagnosed as papillary thyroid cancer and results showed positive CD56 in 3 out
of 83 (3.6%) cases, and 80 (96.4%) cases showed loss of expression. All controls
retained their normal expression. These findings are like results of our study. The author
concludes that CD56 can assist in decision making about the benign or malignant nature
of the aspirated material. Loss of the expression seems to agree with the presence of
PTC.

Most recent study done by Kim et al. (253) who analysed CD56 staining on 72
papillary thyroid cancers. Results revealed similar findings to previously published data
moreover similar to our study that non-neoplastic areas of all 72 cases showed positive
CD56 expression along the plasma membrane; however staining was reduced or absent
in 65 papillary thyroid cancers (90.3%). In this study only papillary thyroid cancers
were included, besides the CD56 staining did not reveal any significant relationship

with clinicopathologic features (p>0.05).

Contrary to our work results of COX-2 expression in thyroid lesions are
published by Specht et al. (180). Author analysed IHC expression of COX-2 in 28
different thyroid specimens. Immunohistochemical analysis of representative cases of
thyroid cancer (12 papillary thyroid cancers, 1 follicular cancer) revealed that COX-2
expression was multifocal and moderate to strong in intensity in the majority of cases.
Staining for COX-2 according to results was negligible in normal tissue. In tumour
tissue, expression of COX-2 was localised to tumour cells, but not to surrounding
stromal cells or infiltrating inflammatory cells. These results are in great contradiction
to our results where the difference in COX-2 expression between colloid goiter,
follicular adenoma, papillary thyroid cancer and follicular cancer was not remarkable
and not statistically significant. Furthermore it is well known that technological
variations exceed the biological differences regarding COX-2 analysis by [HC (254).

Very similar finding and conclusions with our study was published by Kim et al.

(181) where COX-2 expression was studied immunohistochemically in 19 papillary
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thyroid cancers, 8 follicular cancers, 14 follicular adenomas, and 8 colloid goiters.
COX-2 staining was not present in any of the colloid goiters. In contrast, COX-2
staining was observed in all of papillary thyroid cancers. Moreover, 7 of 8 follicular
cancers and 11 of 14 follicular adenomas showed COX-2 staining. Kim et al. concludes
that COX-2 is not useful as a marker of malignancy since its expression was evident in
follicular adenomas and in papillary thyroid cancer and follicular cancer as well.
Wherewith author speculates that the enzyme could be involved in the early process of
thyroid tumorogenesis. In our study we didn't find such a differences in expression
intensities between groups, but overall usefulness of the marker is also found to be very
dubious.

Study published by Casey et al. (255) also reveals confident results about
COX-2 usefulness in decision making of different thyroid lesions. In agreement with
our study Casey et al. reports that COX-2 are expressed in benign as well as in
malignant thyroid tissues. Yet papillary thyroid cancer and follicular cancer expressed
higher levels of COX-2 compared to follicular adenoma and colloid goiter still COX-2
probably is not useful in the IHC diagnosis of thyroid malignancies. Similar results to
Casey et al. and our study are reported by Fuhrer et al. (256) were COX-2 expression is
found similarly in benign as well as in malignant thyroid tissues.

Haynik et al. (182) published yet the only study were COX-2 expression is
analysed exclusively in follicular cancer and follicular adenoma. Results revealed
positive COX-2 staining in 9 of 34 follicular cancers and 2 of 7 follicular adenomas
Normal thyroid tissue surrounding tumour did not stain for COX-2. In summary author
concludes the data suggest that such expression of COX-2 may correlate with increased
tumour recurrence and death and future studies need to be conducted to determine if
selective COX-2 inhibitors can also play some role in the management of a subset of
follicular neoplasms of the thyroid.

Garcia-Gonzales et al. (257) studied IHC expression of COX-2 in a total of 174
samples of human thyroid. Among them 33 follicular adenomas, 39 papillary thyroid
cancers, 15 follicular cancers and 15 colloid goiters. In this study COX-2 expression
was frequently up-regulated in thyroid carcinomas, whereas COX-2 expression was
limited in benign thyroid lesions. Twenty-seven (68.8%) of papillary thyroid cancers

showed COX-2 immunoexpression. Garcia-Gonzales et al. speculates that this fact,

88



together with negative expression of COX-2 in 30.8% of papillary thyroid cancers
tested, indicates that COX-2 is not always useful as a marker of malignancy. Although
expression in follicular cancer was higher there were no statistically significant
differences comparing to follicular adenoma. Hypothesis was highlighted from the
study group about the possibility that some follicular adenoma up-regulating COX-2
could in fact be “malignant” tumours that have not yet revealed morphologic criteria of
malignancy.

The only study published so far about COX-2 expression analysis in thyroid
FNA is made by Krawczyk-Rusiecka et al. (258). 45 thyroid FNA specimens were
analysed including 23 cases of papillary thyroid cancers and 22 cases of benign thyroid
lesions. Contrary to our data Krawczyk-Rusiecka et al. reports a significantly higher
expression of COX-2 in papillary thyroid cancers when compared to benign thyroid
lesions (p=0.021). No relationship was found between COX-2 expression and patients
age and sex. Author concludes that usefulness of COX-2 as a marker of thyroid
malignancy is provocative and its potential role in carcinogenesis still arises significant
interest.

Very recent study concerning COX-2 expression in papillary thyroid cancer is
published by Erdem et al. (251). Marker expression intensity was analysed by age
groups (<35 age; 35-55 age; >55 age), stage of the tumour (stage I, II, III and IV),
diameter of the tumour (<2 cm; 2-4 cm; >4cm) as well as presence of capsule invasion
and lymph node metastasis. When COX-2 expression was evaluated based on age
groups, 42.9 £ 36% of 1+, 2+ and 3+ stained cells belonged to patients under 35 years
old, 45.3 + 26.2% were from the 35-55 year old age group and 62.8 + 24.8% fell into
the above 55 years of age group. As the age increased, the rate of staining also increased
(p=0.05). The trend of COX-2 expression in papillary thyroid cancer was as reported
previously and similarly to our study, but when comparing to expression differences in
different study groups mentioned above, there were no statistically significant
differences. No correlation was observed when COX-2 expression was analysed based
on capsule invasion and lymph node metastasis (p>0.05).

The differences in immunohistochemical findings can appear due to

technological details, namely, different origin of primary antibodies (181, 182).
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Analysing Ki-67 very confident results, which are in common with findings of
our study, are published by Mehrotra et al. (184). Ki-67 protein expression were
assessed by IHC in formalin-fixed, paraffin-embedded thyroid tissues from 128 patients
with histologic diagnoses of papillary thyroid cancer (n = 38), follicular cancer (n = 22),
follicular adenoma (n = 33), and colloid goiter (n = 35). As a result Ki-67 labeling was
higher in follicular cancer and papillary thyroid cancer than in follicular adenoma or
colloid goiter. The Ki-67 discriminated between follicular cancer and follicular
adenoma (P < 0.0001). However, Ki-67 overlapped widely between the four histologic
groups, and the expression of these proteins was also noted to be heterogenous within
these lesions. Mehrotra et al. concluded that Ki-67 cannot currently be reliably applied
as preoperative markers to distinguish benign from malignant thyroid lesions.

Spectacular study was published in 2010 by Ito et al. (185) where relationship
between Ki-67 labelling index and the biological behaviour of papillary thyroid cancer
(n=371) was analysed. Ito et al. THC investigated Ki-67 labelling index in their primary
lesions and compared this finding with various clinicopathological features, including
patient prognosis. As a result Ki-67 labelling index was <1% in 213 patients (57%) and
among the remaining 158, only 35 showed Ki-67 labelling index >3%. Ito et al.
concludes that Ki-67 was associated with patient age, massive extrathyroid extension,
and distant metastasis at surgery. Of 363 patients without distant metastasis at surgery,
54 (15%) showed carcinoma recurrence during follow-up (average 124 months) and the
disease-free survival of patients with Ki-67>1% was significantly worse than that of
those with Ki-67<1% (p < 0.0001). Ki-67 labelling index was recognised as an
independent prognostic factor for the disease-free survival of patients. This study is
notable because of large series of papillary thyroid cancer cases analysed and long
patients follow-up. In any case our study results are alike, because Ki-67 labelling index
as well was low not reaching 5%.

Similar results to our study is published by Liang et al. (187) who analysed more
that 10 IHC markers on thyroid tissue samples from 119 patients including 71 papillary
thyroid cancers, 26 follicular cancers and 48 follicular adenomas. According to the
results Ki-67 expression was not significantly different between the groups and
immunopositivity for Ki-67 among the carcinomas was highly variable, ranging from +

to +++. Author speculates that these results may be related to antibody selection,
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inability of the antibody to recognise a protein with altered configuration, or antigen
retrieval methodology. As conclusion it makes it unlikely that Ki-67 alone will be of
value and practical use in differentiating benign from malignant differentiated thyroid
tumours.

Results of Pujani et al. (186) agrees with our study were author evaluated the
role of the proliferative marker Ki-67 in nonneoplastic and neoplastic lesions of the
thyroid, with a special emphasis on the distinction between follicular adenoma and
follicular cancer. One hundred cases of thyroid lesions, including 50 nonneoplastic and
50 neoplastic lesions, were retrieved and Ki-67 immunostaining was performed. Ki-67
labeling index showed a progressive rise from multinodular goiter to benign to
malignant neoplasms. A statistically significant difference was observed in Ki-67 counts
between multinodular goiter vs papillary thyroid cancer (P < 0.05) and follicular
adenoma vs follicular cancer (P < 0.05). The correlation between mitotic counts and
Ki-67 labeling index was found to be significant. Author concludes that Ki-67 was
found to be useful in differentiating between follicular adenoma and follicular cancer,
but since the sample size of the study was small, larger studies are needed to confirm

this observation as well as to assign a cutoff value.

One of the first work published according to p53 IHC expression in
differentiated thyroid tumours is done by Dobashi et al. (191). In his study a total of 110
cases of thyroid carcinomas were examined IHC to evaluate the overexpression of
mutant forms of p53 protein considering their relationship with their histological
subtypes. Overall, IHC detected nuclear p53 expression in 22.7% of the thyroid
carcinomas. A significant difference in the positivity of p53 among histological
subtypes was noted; the positivity was 11.1% of the cases in papillary thyroid cancer,
14.3% in follicular cancer, 40.9% in poorly differentiated carcinoma, and 63.6% in
undifferentiated carcinoma. No IHC positivity was found in adjacent non-neoplastic
tissues or in benign lesions, including follicular adenoma and colloid goiter. These
results suggest that overexpression of p53 is not a responsible factor for the oncogenesis
itself, but rather that it plays a crucial role in aggressive subtypes of thyroid carcinomas.
Additionally, the distinct entity of poorly differentiated carcinoma, previously

categorised in the well-differentiated carcinoma under the name of papillary or
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follicular carcinoma, was statistically confirmed. It is hard to compare these results to
our study because no expression of p53 was found in any of the groups. Possible
explanation could be the absence of undifferentiated tumours in study group as well as
differences in commercially available antibodies.

Confident results are published by Morita et al. (192) who analysed p53
expression in 68 patients in whom thyroidectomy with lymph node dissection had been
performed due to papillary thyroid cancer. Results of IHC staining showed
overexpression of p53 protein in papillary thyroid cancer, and revealed a statistically
significant correlation between overexpression of p53 and large tumour size, presence
of lymph node metastasis, and the mean number of lymph node metastases. So far this
is the only study analysing such a number of lymph nodes (n=196).

One of the recent studies on p53 immunoexpression in thyroid pathologies is
published in 2011 by Tan et al. (190) were differences of the expression among the
papillary thyroid cancer, follicular cancer, and follicular adenoma were analysed.
Thirty-nine thyroid tissue specimens with the diagnoses of the papillary thyroid cancer,
follicular cancer, and follicular adenoma were included in the study. The expression of
pS3 was increased statistically significant in papillary thyroid cancer. The author
concludes that p53 could be usable in favour of the diagnosis of the papillary thyroid
cancer.

p53 according to our study was not expressed in any of the groups. This could
be associated with lack of undifferentiated cancer morphologies included as well as lack
of lymph node metastasis included. Important factors include possible differences in

primary antibody due to different manufacturers.

Differential diagnosis of thyroid nodules and treatment options still remains
actual from medical and socio-economic point of view. Possibly this topic will be actual
for a very long time. Nowadays recent trends in molecular diagnostics and radiological
examinations plays a crucial role in the choice of management of nodular thyroid.

We believe that no single immunohistochemical marker by itself is completely
sensitive and specific to differentiate between benign and malignant thyroid tumours,
therefore the most appropriate panel of markers is wanted and many studies are made in

this field. Due to possible technical problems or processing issues usually panel of two
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or more markers is used. The relatively low cost IHC test of commercially available
markers comparing to costs of real-time polymerase chain reaction can help to optimise
the management of patients with thyroid nodules and to avoid unnecessary surgery.
Nevertheless, there are still question to answer and additional studies are needed toward

the quest of identifying useful markers in case of thyroid pathology.
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5. CONCLUSIONS

. As significant immunophenotypic differences are found in nodular thyroid diseases,
immunohistochemistry can have valuable diagnostic implications

. The panel consisting of three immunohistochemical markers, HBME-1, E-CAD and
CD56, can reliably distinguish papillary thyroid carcinoma from follicular tumours
(follicular adenoma and follicular cancer).

. Our results indicate that expression of HBME-1 is found in malignant lesions only. It
is also the most sensitive and specific single marker in papillary thyroid cancer.

. CD56 and E-CAD can assist in decision making about benign and malignant nature
of the aspirated material. Loss of expression seems to agree with the presence of
papillary thyroid cancer and distinguishes it from follicular tumours. Both of them are
characterised by high expression of CD56 and E-CAD.

. Although proliferation activity significantly differs between benign and malignant
thyroid lesions, the practical use of Ki-67 marker is difficult due to generally low
values.

. The lack of p53 expression in our study may be due to lower level of malignancy, as
our study group did not include undifferentiated tumours.

. According to our study, the difference in COX-2 expression between groups was not
remarkable and not significant.

. Developed FNA technologies reveals different frequencies of E-CAD, HBME-1 and

CD56 expression in follicular adenoma and papillary thyroid cancer.
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6. PRACTICAL RECOMMENDATIONS

. The established technologies for immunohistochemical analysis of histological
material should be introduced for practical diagnostic use.

.For evaluation of FNA smears we recommend the use of created
immunocytochemical visualisation technique.

. We recommend the established panel of molecular markers (HBME-1, E-CAD and
CD56) as an additional criteria to diagnose thyroid cancer in preoperative FNA when
US characteristics associated with higher risk of malignancy are not conclusive.

. Taking into account the results of marker expression in FNA, it is possible to evaluate

the indications for thyroid operation and its extend more appropriate.
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