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1.1ABSTRACT

Background and aims: Despite the generally indolent behavior of papylléhyroid
cancer, we need to identify patients who expege an unfavorable outcome.
Currently, several risk classification methodsvehdeen established to predict the
prognosis of individual patient, TNM classificatidmeing the most widely used
prognostic scoring system. To reduce the numbehwoid cancer recurrences, our
aims were to find a marker or a set of markers (pG8&) to predict the outcome of an

individual patient better than does TNM classificatalone.

Patients and methods: paraffin blocks of 32 Libyan cases of papillaryyrthid

carcinoma were retrieved. Immunohistochemistry \pasformed. Nuclear staining
were evaluated. Ki67&P53 immunoexpression weregoaiieed for statistical analysis.
Statistical tests were used to determine the associ of Ki67&P53 with

clinicopathological characteristics; age, gendecalization , tumor size ,extrathyroid
extension ,distant metastasis, histological typgmph node involvement,
lymphovascular invasion, blood Vessel invasiomr, @xistence hashimiotothyroiditis ,

multifocality.

Results The tumor arising from left lobe show prolifeatiindex more than the right
lobe (p <0.028), moreover decreased P53 expresgsnsignificantly associated with
tumor localization, tumor arising in both lobes whiow expression of p53, also tumor
arising in left lobe or in right lobe express low3(p < 0,06). However tumor express
P53 associated with lymphatic invasion and shovdéoline significant (p <0.08). No
statistically significant correlation was found Wween Ki67& P53 expression in tumors
and other clinicopathological parameters (suchges gender, histopathological type,

tumor size, extrathyroid extension, multifocalipye-existence hashimiotothyroiditis).

Conclusion: Although the sample size of our study was smalmimohistochemical
evaluation of Ki-67and p53 expression in patientshwPTC may be useful for

determining prognosis, in PTC patients.

Key words: papillary thyroid cancer, Ki67& P53 expressittiC, prognosis.
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1.2.Introduction

Thyroid cancers are quite rare, accounting for dns%o of all cancers in adults and 3%
of all cancers in children (American cancer sogi209), thyroid cancer is commonly

diagnosed at a younger age than most other adutecs Nearly 2 out of 3 cases are
found in people younger than 55 years of age. Al28atof thyroid cancers occur in

children and teens (American cancer society, 20fE3hale are more likely to have

thyroid cancer at ratio 3:1, thyroid cancer is fhgtest growing cancer diagnosis in the
US (Hayat et al., 2007; Jemal et al., 2007) witiotal of 44,670 new cases and 1,690
deaths expected in 2010 .

Thyroid cancers encompass a variety of lesions ridwage from benign adenoma to
malignant tumors. They also span the spectrum freet-differentiated, poorly
differentiated or undifferentiated (anplastic). Mothan 95% of thyroid cancers are
derived from thyroid follicular cells, while 2-3% thyroid tumors (medullary thyroid

cancers) are derived from the calcitonin produ€rcells .

Papillary thyroid cancer (PTC) is the most commamf of thyroid cancer, representing

approximately 80% of all thyroid malignancies. PiBQisually indolent and curable but

this cancer can spread early to local lymph noded @disease persistence and/or
recurrence are common and associated with increaseility (Sherman et al., 1998;

Xing et al., 2007).

Follicular thyroid cancer (FTC) is the second magimmon thyroid cancer,
representing approximately 15% of all thyroid madigcies, this cancer can develop
from a pre-existing benign follicular adenoma oredily and it is characterized by
hematogenous spread. Poorly differentiated (PD@)aaaplastic (ATC) thyroid cancers
are rare representing 2-5% of all thyroid cancm@lo et al., 2006; Nikiforova et al.,
2009). These are very aggressive tumors that caelaje de novo or from the

progression of pre-existing papillary or follicukearcinomas.

Thyroid cancer is usually very treatable and i®mftured with surgery. Even when
thyroid cancer is more advanced, effective and-te¢drated treatment is available for

the most common forms of thyroid cancer.
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There are several factors, genetic and environrhentplicated in the pathogenesis of
thyroid cancers. The most common genetic abnoneslfound in PTC are the point
mutations of BRAF and RAS genes as well as RET/R&&rangements. These
mutations are found in more than 70% of PTCs and te be mutually exclusive. The
more common genetic alterations in FTCs are RASitpmiutations or PAX8/PPAR
rearrangements, respectively which are also usuallyually exclusive. RAS and
PAX8/PPAR rearrangements are found in ~80% of FTC. RAS anal l@sser extent
PAX8/PPAR/ translocations are also associated with follicuedenoma with
frequencies of 20-40% and of 2-10%, respectivelgrn#o et al., 2006; Nikiforova et
al., 2009).

From nuclear disasters such as Chernobyl in 1986 clear that radiation exposure is a
significant risk factor for thyroid cancer (Detourst al., 2005) but the majority of
thyroid cancers appear to be sporadic in naturest reeries have shown a statistical
correlation between iodine deficiency and an inseelaincidence of thyroid carcinoma
of both follicular and undifferentiated types, tiuenors tend to be more advanced at the
time of diagnosis than in nonendemic areas. Papiltarcinoma is the predominant
type in areas without iodine deficiency, and itsgirency is said to be increased in
regions with high iodine uptake (Ackerman's, 2011).

For PTC several prognostic factors have bedentified. These factors can be
divided into four categories, backgrounds of pasiefactors based on preoperative, and
intraoperative and postoperative evaluations. Bemknds of patients include age,
gender, and family history. Preoperative evaluai®mainly performed by imaging
studies Of these, ultrasonography is the most usadlito detect and evaluate primary
lesions (Ito et al., 2007), and regional lymph nadetastasis, size, location, and
multiplicity of primary lesions can be evaluated ahirasonography lymph node
metastasis can also be diagnosed based rasaribgraphy criteria. Intraoperative
evaluation is based on findings during surgery,lutiog extra thyroid extension and
extra nodal, tumor extension to adjacent organ® dégree of extension that is to
where and how the tumor extends significantly Pastive evaluation includes
findings based on pathological and molecular eratidns. There are various
histological types in PTC, most of which are diagga on pathological examination.

Molecular examination includes evaluation of qgabliferating activity, there are some
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markers used one of these proliferating marker i$K Ki-67 is a protein that in
human is encoded by the MKi- 67 gene (antigen ifledtby monoclonal antibody Ki-
67) (Schonk et al., 1989). The absence of Ki-6urescent cells and its universal
expression in proliferating tissues created gnei@réest on its potential role as a marker
of cell proliferation (Van Dierendonck et al.,8%). Ki-67 protein is present during all
active phases of the cell cycle (G1, s, G2, andbsris} but is absent from resting
cells(GO) .

Over expression is frequently seen in a varietynafignant tissues and is associated
with worse survival of individuals with bladder Iikli — camur et al., 2002) brain
(Tohannessen et al., 2006) breast (Stuart — Hatred., 2008 ; Viale et al., 2008).

Some studies on Ki-67 reported, the mean valud§-6f7 LI increased progressively
from multinodular goiter to follicular adenoma, vy carcinoma, follicular
carcinoma, and medullary carcinoma, and were thghdst in undifferentiated
carcinoma (pujani et al., 2010). These findings iarelose agreement with those of
Erickson et al. They observed the highest valueKie LI in anaplastic carcinoma

followed by follicular and papillary carcinoma.

Oncogenes gain of function is the most feggqumolecular alteration described in
thyroid cancer it mainly includes the aberrantivatton of the RAS/RAF/MEK/ERK

pathway (Kroll , 2004; Hunt, 2005). Loss of fuoct of tumor suppressor proteins
may also occur in thyroid cancer and includes FBARPAR rearrangement, PTEN
down-regulation, b-catenin, and p53 mutations (Krd004, Hunt 2005). While

inactivating mutations of the p53 gene is very@regt in human cancers (50% of all
human malignancies), they have been foundomty 10% of thyroid carcinomas

(Olivier et al., 2002) and mainly in poorly fifentiated and aggressive histotypes.

The malignance of papillary thyroid carcinoma with3 mutation is higher (Puglisi et
al., 2000). Other research indicated that p53 naustais possibly the fundamental
causes of thyroid gland canceration caused byimgiadiation (Park et al., 1998). So
it could be concluded that p53 mutation has anceften infiltration, lymphatic

metastasis and prognosis of thyroid carcinoma.



1.3.Aims of study

1. To evaluate the expression of Ki67 and P53 ilwydn papillary thyroid cancer

patients.

2. To observe the relationship between traditigmmagnostic parameters in correlation

with Ki-67 and P53 expression in papillary thyrca@hcer.
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2. REVIEW OF LITERATURE

2.1.Embryology and anatomy of thyroid gland
Embryology

In the fetus, at 3—4 weeks of gestation, the thllyrgland appears as an epithelial
proliferation in the floor of the pharynx at theskaof the tongue between the
tuberculum impar and the copula linguae at a ptatdgr indicated by the foramen
cecum. The thyroid then descends in front of theryigeal gut as a bilobed
diverticulum through the thyroglossal duct. Oves ttext few weeks, it migrates to the
base of the neck, passing anterior to the hyoideb&@uring migration, the thyroid
remains connected to the tongue by a narrow c#makhyroglossal duct. Thyrotropin-
releasing hormone (TRH) and thyroid-stimulatingrhone (TSH) start being secreted
from the fetal hypothalamus and pituitary at 18+®6eks of gestation, and fetal
production of thyroxine (J) reach a clinically significant level at 18-20 WeeFetal
triiodothyronine (&) remains low (less than 15 ng/dL) until 30 weekge@station, and
increases to 50 ng/dL at term. Fetal self-sufficieof thyroid hormones protects the
fetus against e.g. brain development abnormalt@esed by maternal hypothyroidism
(Zoeller, 2003). However, preterm births can suffeurodevelopmental disorders due
to lack of maternal thyroid hormones due their ottayroid being insufficiently
developed to meet their postnatal needs (Berbeal.,é2010). The portion of the thyroid
containing the parafollicular C cells, those resgble for the production of calcitonin,
are derived from the neural crest. This is firgrsas the ultimobranchial body, which
joins the primordial thyroid gland during its destéo its final location in the anterior

neck.

Gross anatomy

The normal adult thyroid has a shape reminiscerutterfly. With two bulky lateral
lobes connected by a thin isthmus. Each latera Ist2 to 2.5 cm wide 5 to 6 cm long
and 2 cm deep.The thyroid gland is located in ti portion of the neck, where it is
attached to the anterior trachea by loose conreedissue. The two lateral lobes
surround the ventral and lateral aspects of thgnlaand trachea, reaching the lower
halves of the thyroid cartilage and covering theose, third and fourth tracheal rings.
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Figure2.1.Gross anatomy of thyroid gland (http://www antraoik)

The normal weight of the adult thyroid is 15 to 2bgon goitrous areas. The color
the normal thyroid is retrown, the blood supply of the thyroiland derives primaril®
from the inferior thyroid artery (which originatéom the thyrocervical trunk of th
subclavian artery) and the superior thyroid artémhich arises from the exterr

carotid). A thyroideaima artery also may be pres

The supeor and medial thyroid veins and the inferior valrain into the interne
jugular and the brachiocephalic vein. The lymphseésdraining the superior portion
the thyroid lobes and isthmus collect into the nmé jugular lymph nodes, where
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those draining the inferior portion of the glandlett into the pre-and paratracheal and
prelaryngeal lymph nodes (Hoyes et al., 1997).

2.2.Histology of thyroid gland

The fundamental unit of the thyroid is the folliclgound to slightly oval structure lined
by a single layer of epithelial cells resting orasé&ment membrane. The lumen of the
follicle contains colloid, a viscous material timostly composed by proteins secreted
by the follicular cells including thyroxin-bindinglobulin (TBG). The follicles, which
are separated from each other by a loose fibro exiive tissue, have an average
diameter of 20Qum.

Follicular cell

Light microscopy- The cells lining the follicles@h variations in their shape and size
according to the functional status of the glandreéhmajor types are described:
flattened, cuboidal and columnar (cylindrical). ttdaed cells are relatively inactive,
cuboidal cells (their height equaling their widdre the most numerous and their major
function is to secrete colloid. The rarer colummatls resorb the TBG-containing

colloid, liberate the active hormones, and exciteése hormones into blood vessels.

Size and position of the nucleus and some compsneinthe cytoplasm may vary
considerably. In the resting thyroid, the nuclesisaund or oval is located toward the
center of the cell and usually contains one nuakeadhat is eccentrically located. Its
chromatin may be finely granular or clumped. In\ey secreting cells, the nucleus is
enlarged because of the mostly apical enlargentfethieccytoplasm, it acquires a basal

position.
Electron microscopy

Ultra structurally, the follicular cells are arratyin a single layer around the colloid
and rest on abasement membrane, approximately 83 non in thickness, that separate
them from the interstitial stroma. Microvilli emaedrom the surface of the cells, their
number being increased and their length greatemdtively functioning cells the



cytoplasm contains variable amounts of endoplaseticulum, mitochondria of usual

small size, and lysosomes (Hoyes etal., 1!

Figure2.2. Thyroid follicles and colloid the simple cuboidapigelium lining the follides
(http://www anatomy forme.blogspot.cor

2.3.Physiology of hyroid gland

The primary function of the thyroid is productiohtbe hormonetriiodothyronine (Ts),
thyroxine (T;), andcalcitonir. Up to 80% of the 7is converted to Fby peripheral
organs such as the livedidney and spleen. Jlis several times more powerful thay,

which is largely g@rohormon, perhaps fouor even ten times more acti\



Synthesis of the thyroid hormones, as seen on divigual thyroid follicular cell
(Boron & Boulpaep, 2003): Thyroglobul{itg) is synthesized in the rough endoplasmic
reticulum and follows the secretory pathway to eiibe colloid in the lumen of the
thyroid follicle by exocytosis, a sodium-iodide (INasymporter pumps iodide )l
actively into the cell, which previously has crassee endothelium by largely unknown
mechanisms, this iodide enters the follicular lumeom the cytoplasm by the
transporter pendrin, in a purportedly passive mgnn@ the colloid, iodide {J is
oxidized to iodine @ by an enzyme called thyroid peroxidase, iodirf® i@ very
reactive and iodinates the thyroglobulin at tyroggdidues in its protein chain (in total
containing approximately 120 tyrosyl residues), daonjugation, adjacent tyrosyl
residues are paired together, the entire complegnters the follicular cell by

endocytosis.

T, is synthesized by the follicular cells from frgeosine and on the tyrosine residues
of the Tg. lodine is captured with the "iodine trdyy the hydrogen peroxide generated
by the enzyme thyroid peroxidase (TPO) (Ekholm &Bjpan, 1997). And linked to
the 3' and 5' sites of the benzene ring of thestgm residues on Tg, and on free
tyrosine. Upon stimulation by the TSH, the folliaulcells reabsorb Tg and cleave the
iodinated tyrosines from Tg in lysosomes, formingaihd T (in Ts, one iodine atom is
absent compared tq,)] and releasing them into the blood. Deiodinasg/ees convert
T, to T3 (Bianco et al., 2002)Thyroid hormone secreted from the gland is ab&@it 8
90% T, and about 10-20%s3T

Cells of the developing brain are a major targettfe thyroid hormonessTand T,.
Thyroid hormones play a particularly crucial role brain maturation during fetal
development (Kester et al., 2004). A transportgirothat seems to be important for T
transport across the blood-brain barrier (OATP1643 been identified. A second
transport protein (MCT8) is important for; Transport across brain cell membranes
(Jansen et al., 2005).

In the blood, T and T are partially bound to TBG, transthyretin, anduatin. Only a
very small fraction of the circulating hormone red (unbound) - 70.03% and T

0.3%. Only the free fraction has hormonal activity.
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The production of thyroxine and triiodothyronine resgulated by thyroid-stimulating
hormone (TSH), released by the anterior pituitditye thyroid and thyrotropes form a
negative feedback loop. TSH production is suppresseen the T levels are high
(Johannes, 2002) The TSH production itself is matdd by Thyrotropin-releasing
hormone (TRH), which is produced by the hypothalarand secreted at an increased
rate in situations such as cold exposure (to sateuhermogenesis). TSH production is
blunted by somatostatin (SRIH), rising levels ofiggicorticoids and sex hormones

(estrogen and testosterone), and excessively hagid iodide concentration.

An additional hormone produced by the thyroid cdwites to the regulation of blood
calcium levels. Parafollicular cells produce caloit in response to hypercalcemia.
Calcitonin stimulates movement of calcium into bhomeopposition to the effects of
parathyroid hormone (PTH). However, calcitonin sedar less essential than PTH, as
calcium metabolism remains clinically normal afteemoval of the thyroid

(thyroidectomy), but not the parathyroid.
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Figure2.3Thyroid system (hp://www.en.wikipedia.org)
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Figure2.4. Hormones of thyroid gland ( http://www.howmed.net
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2.4.Epidemiology

2.4.1.Incidence and mortality

In 2008, the worldwide estimated age-standardisetience rates for thyroid cancer
incidence were 4.7 and 1.5 per 100,000 women ang raspectively. Thyroid cancer's
overall contribution to the worldwide cancer burderrelatively small, but incidence

rates have increased over the last three decadmsgtiout the world. This trend has
been hypothesized to reflect a combination of tetdgical advances enabling
increased detection, but also changes in envirotahéactors, including population

exposure to ionizing radiation from fallout, diagtio tests and treatment for benign

and malignant conditions (Schonfeld et al., 2011).

The American Cancer Society’s estimates for thymadcer in the United States for
2013 are, about 60,220 new cases of thyroid ca@é&B10 in women, and 14,910 in
men) and about 1,850 deaths from thyroid cance®4(l,women and 810 men)

(American Cancer Society, 2013).

In 2008 there were an estimated 33,600 new cas#syadid cancer diagnosed in the
European Union (EU-27). The highest incidence veés estimated to be in France,
where the female rate was five times higher thar#ite of the lowest ranking country,
Greece (18.6 versus 3.3 per 100,000 females) (C&esearch UK, 2011).

Thyroid cancer is within the top twenty most comnoamcers for UK females (number
18) (cancer research UK, 2011). The highest ratethfyroid cancer in the world occur
in Northern America, where the female age-standadiirate is 15.1 per 100,000
females, compared with 1.2 per 100,000 femalesiohdM Africa. Incidence is low in
all parts of Africa. Worldwide more cases occufamales aged 15-44 than in any other
age group (Ferlay et al., 2010).

The prevalence of differentiated thyroid cancer ()Ts increasing worldwide. lodine
deficiency is a risk factor for follicular thyroidancer (FTC). FTC is still common in
developing countries, whereas papillary thyroid cean(PTC) is the predominant
subtype in developed countries. Efforts to treadine deficiency may improve

outcomes by changing to a less aggressive sub@ypedruff et al., 2010).
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Thyroid cancer is rare in children, while in aduhe incidence rates rise steadily with
age. Rates peak in 35 to 39 year olds and agaimeirover 70s. There is a substantial
number of cases at younger adult age. Almost H&8%4) of all cases occur in people
aged less than 50 years (Cancer Research UK, 20hg).death rate from thyroid
cancer has been fairly stable for many years, antdhins very low compared with most
other cancers (American Cancer Society, 2013).
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Figure 2.5. Thyroid cancer World Age-Standardized Incidence Rates, World Regions, 2008
EstimatesSource: GLOBOCAN 20( (Ferlay et al., 2010).

In Arab world in almostall Gulf countries, thyroid is the second shoommon
cancer site in females, preceded in all £agebreast cancer. Only in Bahrain, d
thyroid cancer rank third among all canceragdosed in females. Outside the C
region, Syia is the only country in which thyroid cancenka among the top fiv
cancer sites in females. While in Yemen, the lmfilthyroid cancer is of the papillar
type, in other countries like Algeria and Sud®llicular cancer is the predomin
form. In both the latter countries, the number patients presenting with advanc
stages of the disease is hi(Ghzi omar et al., 2010).
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In Western Libya, according to Sebrata Cancer $ggduring 2006, thyroid cance
constitute 12% of all cancers reported from collective dataFMratio is 1:1 and
the medianage at presentation is 48 \. Histopathologically, majority of (ncers
were papillary carcinom&ompared with eastelLibya, the incidence ireastern Libya
was higher than the incidence Western Libyavhere thyroid cancers constitute 2..
of all cancers were registers by Benghazi Cancegisig. A total of 27 cancers o
thyroid with a huge predominance in women (22 cad®s of all cancers in feales)
over men (5 cases ). The lamajority of cases are microscopically vedfi€89%),
and the most common histological type is papillary carcinom (El Mistiri et a.,
2007).

-
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Figure2.6. Age distribution of thyroid cancer patients Benghazi cancer registries (El Mist
et al, 2007).
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Age-adjusted Incidence Rate - Thyroid Cancer
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Figure2.7.Age-adjusted Incidence Rate- Thyroid (&ia cancer registry, 2006

The incidence of thyroid cancer increased from (36 100,000 in 1973 to 8.7 per
100,000 in 2002-2004 fold increase. Virtually theire increase is attributable to an
increase in the incidence of papillary thyroid camavhich increased from 2.7 to 7.7
per 100,000 — a 2.9 fold increase. Between 1988 20@R, 49% of the increase
consisted of cancers measuring 1cm or smaller.e€ltieads, combined with the known
existence of a substantial reservoir of subclincahcer and stable overall mortality,
suggest that increasing incidence reflects incrbdsgection of subclinical disease, not

an increase in the true occurrence of thyroid ca(fgeniran et al., 2006).
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2.4.2 Risk factors
2.4.2.1.Age

Thyroid cancer is commonly diagnosed at a youngerthan most other adult cancers.
Nearly 2 out of 3 cases are found in people youtigan 55 years of age. About 2% of
thyroid cancers occur in children and teens (Anagricancer society, 2013). With a
mean age of 49 years and an age range of 15-84.yaahe younger population, PTC
tends to occur more frequently than follicular @amma, with a peak in patients aged
30-50 years (American cancer society, 2009)

2.4.2.2.Race

This cancer occurs more frequently in whites thanblacks. The 5-year relative
survival rates by race increased from 1975 to 2@83follows: whites: Increase from
93% to 97%, African American: Increase from 91%®#%o, all races: Increase from
93% to 97%.

2.4.2.3.5ex

The female-to-male ratio is near 3:1 and is reldtedhe patient's age. In patients
younger than 19 years, the female-to-male rati®.2s1, in patients aged 20-45 years,
the female-to-male ratio is 3.6:1, in patients olttean 45 years, the female-to-male

ratio is 2.8:1 (American cancer society, 2009).

2.4.2.4.Inherited predisposition

Familial non medullary thyroid cancer ( NMTC) repeats 3%—7% of all thyroid
tumors and is associated with some of the higlastlil risks among all cancers, with
a risk of developing this type of neoplasia forstidegree relatives of 5-10-fold
compared to the general population (Elena Bonom.e2010), Patients with familial
NMTC may have more aggressive tumors with increass#s of extrathyroid
extension, lymph node metastases, and larger tuimginger patients (Nose, 2008).

Several syndromes are associated with NMTC sucBasner's syndrome (familial
adenomatous polyposis, FAP), Cowden disease (reuliggmartoma), Carney complex,
and Werner syndrome (Richards, 2009).
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Approximately 25% of medullary thyroid cancer isngéc in nature, caused by a
mutation in the RET proto-oncogene. This form igssified as familial MTC. When
MTC occurs by itself it is termed sporadic MTC. Wihié coexists with tumors of the
parathyroid gland and medullary component of themal glands (pheochromocytoma)

it is called multiple endocrine neoplasia type ZHNR) (Dionigi et al., 2007).

2.4.2.5.enviromental factors

2.4.2.5.1.Diet

Follicular thyroid cancers are more common in am@fathe world where people's diet
are low in iodine. In the United States, dietardim@ is plentiful because iodine is
added to table salt and other foods (American gasoeiety, 2009). PTC s the
predominant type in areas without iodine deficienayd its frequency is said to be
increased in regions with high iodine uptake (Ackan's, 2011).

According to the World Health Organization(WHO)iteria, iodine deficiency is
identified when the median urinary iodine (Ul) leve below 10ug/dL or goiter
prevalence is greater than 5% in school childreasd8 on these criteria, the Arab
countries have a high proportion of the total Waytiter prevalence (TGP); in 1993, a
prevalence rate of 22.9% for goiter was recordedtifie@ Region. This value has
increased to 37.3% in 2003 portraying a 62.9% #msxeas compared to 1993 (de
Benoist et al., 2003). In 2003, the WHO estimateat the proportion of school-age
children (6—-12 years) and the proportion of theegahpopulation with insufficient
iodine intake based on Ul levels in the region Ba&s4% and 54.1% respectively,
placing it as the second most affected Region aferope (59.9% and 56.9%
respectively) (de Benoist et al, 2003). The prevegeof iodine deficiency disorder
(IDD) is considered mild in seven countries of Region including Jordan, Lebanon,
Libya, Oman, Syria, the United Arab Emirates andn¥a, whereas it is found to be
moderate in four countries that include Egypt, Mom Saudi Arabia and Sudan
(Mclaren et al., 2001).

The IDD in the Region ranged from mild to moderatéth the exception of Iraq,
where the IDD status is severe most likely duenarlequate intake of dietary iodine,

ingestion of goitrogens (food contain chemical Iohiodine absorption) and habitation
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in regions where the soil lacks iodine (Mclareralet 2001). Lack or inadequate intake
of fish may contributed to iodize-deficiency. In Maoco, fish consumption was
negatively associated with goiter among school dcéil in Atlas Mountains of
Morocco. It was concluded that the effective progmae to control the prevalence of
goiter should include the following activities: ewcage fish consumption, salt
iodization, nutrition education (Oldham et al., 329However, several studies showed
that the altitudes may play an important factorShudi Arabia, the overall prevalence
of goiter among school children 6-18 years was 2A8&. prevalence was significantly
higher (P < 0.000) in high altitude (27%, 95% C4-30%) than in low altitude areas
(13%, 95%, CI 8-18%) (Abu-Eshy et al., 2001). Inmén, the prevalence of IDD
among school children 6-12 years in mountain avess 31% compared to 16.8% in
lowland/coastal areas (Zein et al., 2000). UniVessdt iodization (USI) and iodine
supplementation are highly effective strategies geventing and controlling iodine
deficiency. USI is now implemented in nearly aluotries worldwide, and two-thirds
of the world's population is covered by iodizedt.s@he number of countries with
iodine deficiency as a national public health peoblhas decreased from 110 in 1993 to
47 in 2007. Still one-third of households lack ascto adequately iodized salt. lodine
deficiency remains a major threat to the health @exklopment of populations around
the world, particularly in children and pregnantmen in low-income countries. Data
on iodine status are available from 130 countried approximately one-third of the
global population is estimated to have a low iodimake based on urinary iodine (Ul)
concentrations. The challenges ahead lie in engurigher coverage of adequately
iodized salt, strengthening regular monitoring ait sodization and iodine status in the
population, together with targeted interventions falnerable population groups
(Abdurrahman et al., 2011).

2.4.2.5.2.Radiation exposure

Patients with a history of radiation administeradinfancy and childhood for benign
conditions of the head and neck, such as enlafgedus, acne, or tonsillar or adenoidal
enlargement, have an increased risk of cancer dsaweother abnormalities of the
thyroid gland (Detours et al., 2005). The most camrof them are of a benign nature

and consist of nodular hyperplasia, lymphocyticroigitis, and fibrosis. There is also

20



increase in the incidence of carcinoma in this pagpan, the large majority of the

tumors being of the papillary type (Ackerman’s, 2P1in this group of patients,

malignancies of the thyroid gland first appear hagig as early as 5 years following
radiation and may appear 20 or more years laterli(@aet al., 2011). From nuclear
disasters such as Chernobyl in 1986, it is cleat thdiation exposure is a significant
risk factor for thyroid cancer (Detours et al., 8QGspecially in children (Tronko et al.,
2006). Radiation given through a vein (through\@nduring medical test and treatment

dose not increase the risk of developing thyroitcea (Larsen et al., 2003).

2.4.2.5.3.Smoking

Tobacco smoking seems to be associated with a asmterisk of thyroid cancer, but,
obviously, it poses more health hazards than besn@fiack et al., 2003).

Many other conditions have been considered asgpesing to PTC (oral contraceptive
use, benign thyroid nodules, late menarche, late adirst birth) (Negri et al.,1999;
Franceshi et al., 1999).

2.4.2.5.4.Body Mass Index

Several case-control studies have shown an inaea#se of TC in patients with high

body mass index (BMI). The risk would be increaggd5-fold in obese men and 2
times in obese women (>97 percentile), comparetigéaisk observed in patients with
weight <3rd percentile. In women (especially in tposnopausal age) a weight gain
>14% appears to positively correlate with the orafeTC (Dal Maso et al., 2000;

Suzuki et al., 2008).

2.4.2.6.Pre existence Hashimoto’s thyroiditis

Hashimoto’s thyroiditis (HT) is frequently diagnasespecially in females and is the
most common cause of hypothyroidism in iodine-sigfit areas of the world, with an
increasing prevalence in older patients (Holbwet al., 2002). An association has
been suggested between HT and PTC in many studaey et al., 1955; Hirabayashi
& Lindsay ,1965; JBaker, 1995; Okayasu, 1997; Sieghal., 1999), even if other
studies yielded conflicting results (Holm et al.829Anil et al., 2010). Concurrent HT

lymphocytic infiltration and PTC was associatedwihe female gender, smaller tumor
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size, a less frequent extracapsular extension dodex grade of TNM staging. BRAF
V600E was more frequent in PTC with concomitantpynmcytic infiltration (Marotta et
al., 2013). Also the link between HT and PTC ismped by the observation that
rearrangements of RET oncogene (RET/PTC) fretfpudetected in PTC, may also
be found in the thyroids of patients affected by @Mechler et al., 2001). By strict
criteria, HT is a histological diagnosis characded by widespread lymphocytic
infiltration of the thyroid. On the other hand, PiBMften associated with a significant
lymphocytic infiltration in the absence of th@ital signs of autoimmune thyroiditis
(Okayasu et al., 1995; Fiore et al., 2009b), andy represent a response to tumor
antigens released through disruption of normalide$ by neoplastic invasion. On
clinical grounds, the diagnosis of HT is basedtmn presence of serum thyroid auto
antibodies (TAb) and of spontaneous hypothyroidigrat may be present at the initial
evaluation or may develop during follow-up (Vandenp et al., 1995; Walsh et al.,
2010). However, patients with nodular goiteG)Nmay also have circulating TAb as
expression of focal thyroiditis not evolving towalngpothyroidism, thus making the
diagnosis of HT bf. The progressive reduction gidind function as a consequence of
the autoimmune process leads to a progressivease in serum TSH. Recently, it
has been reported that in patients with rexdahyroid diseases, the risk of thyroid
malignancy increases with serum TSH concentratiBeelaert et al., 2006; Haymart
et al., 2008a,b; Jonklaas et al., 2008; Polyzoalet 2008; Fiore et al.,, 2009a; Jin et
al., 2010). Therefore, it is possible to hypotheghat increased TSH levels may play
a role in the development of PTC also in pasiewvith nodular-HT. The results
reported in the study of Fiore et al. showed thBC s more frequent in patients with
nodular-HT compared with patients with non-autoirmeWNG and that the increased
TSH levels, a consequence of the destruction oftioning tissue by the autoimmune
process, are strictly related to the increasezfjuency of PTC. In agreement with
this conclusion, treatment with L -thyroxine ([ 4) reduces TSH levels and
decreases the frequency of PTC in nodular-HT (Fietral., 2011).
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Figure 2.8.Papillary carcinoma in the setting of Hashimotortligitis (El Demellawy et al.
2008)
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2.5.Molecular pathogenesis of thyroid canc:

A number of genetic alterations have n shown to be involved in the developmen
follicular cell-derived cancers. These point mutations and traastycs occur in gene
for several important signaling pathways, in paac the mitoge-activated proteil
kinase (MAPK) pathway, and are rered for transformation of wedifferentiated
follicular cell-derived thyroid cancers, i.ePTC and FTC(Kondo et al., 2001
Nikiforova et al., 2009), as described in Figure.

Figure2.9 Mutation and translocations involved in the pathags of paillary and folliculal
thyroid carcinoma respective (Asuragen Int, 2011).

Four mutation types, that is, BRAF and RAS pointtations and RET/PTC anc
PAX8/peroxisome proliferat-activated receptor g (PPARearrangements, constitt
the majority of mutations known to occur in thyr@ancel

24



2.5.1.BRAF

The BRAF mutation (V600E) is the most common motatin PTC, occurring with a
prevalence of ~45% (range 27%-87%) (Lee et al.,/200ng, 2007). It is mostly
found in conventional PTC and the tall cell variahtPTC and less frequently in the
follicular variant of PTC. BRAF point mutation i®hfound in follicular thyroid cancer
and benign thyroid nodules. BRAF V600E mutatiordieto the constitutive activation
of the BRAF protein kinase of the MAPK pathway. Beicstudy have established the
BRAF V600E mutation is the only independent preaticif central compartment lymph
node metastasis in PTC and can be utilized to ghielextent of initial surgery (Howell
et al., 2013). And other studies have establisitied BRAF V600E as a marker of
disease aggressiveness, disease recurrence, andpnogmosis (Elisei et al., 2005;
Xing, 2007; Placzkowski et al., 2008), althoughsthnéndings have not been confirmed
in some other studies (Trovisco et al., 2005; Faglz et al., 2006). Other BRAF
activating point mutations have been describedatitipns 598, 599, and 601, but these
mutations are very rare compared to the activatmgation at position 600. BRAF
V600E is the target for research of therapies @ardt al., 2006; Woyach et al., 2009).

2.5.2RET/PTC rearrangements

Rearrangements of the RET gene, called RET/PTCargements, are the second most
common genetic alteration described in PTC. Thesuoin ~20% of sporadic PTC,
although their prevalence has been shown variableng studies, mostly due to
variations in the geographical distribution, thdfedent methodologies used for its
detection and tumor heterogeneity (Zhu et al., 200Bese rearrangements are specific
for PTC and PTC variants, such as the oncocytiattiticell) variant, and are usually
not found in benign tumors. RET/PTC rearrangemargsmore prevalent in radiation-
induced PTC. At least 11 different RET/PTC reareangnts have been described, the
two most common in sporadic (i.e. non-radiationuicet) PTC being RET/PTC1 (60-
70% of positive cases) and RET/PTC3 (20-30% oitpescases).
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2.5.3.RAS

Point mutations within RAS genes involve codons1t®,and 61 of NRAS, HRAS and
KRAS, with mutations of NRAS and HRAS at codon 6l f KRAS at codon 12/13
being the most common. Mutant RAS proteins cortstgly activate the MAPK and
PISK/AKT pathways.

In contrast to the other markers, RAS mutatiors ot restricted to a particular
histological subtype of thyroid tumor. RAS mutasoare found in ~ 10-15% PTCs
(higher in follicular variant of PTC) but are mopeevalent in FTC, where they are
associated with 40%-50% of the cancers. RAS mutstere also found in ~35% of
poorly differentiated and ~50% of anaplastic thyroahcers, where the presence of
RAS mutations seems to correlate with more aggressimor behavior and poor
prognosis (Kondo et al., 2006; Nikiforova et al0Q8; Ruggeri et al., 2008). RAS

mutations are also found in 20%-40% of folliculdearoma.

2.5.4.PAX8/PPAR rearrangements

PAX8/PPAR rearrangements are found in 30-40% of conventibi&@ and in ~5% of
oncocytic carcinomas (Nikiforova et al., 2003; Rlax wski et al., 2008). Tumors
associated with PAX8/PPARusually carry a favorable prognosis. Tumors with
PAX8/PPAR rearrangement do not usually carry any RAS mutatsnggesting that
the development of FTC involves two independenthyways associated with either
PAX8/PPAR translocation or RAS mutation (Nikiforova et é2003). PAX8/PPAR
rearrangements are also found in 2-10% of follicadenomas, and in the follicular
variant of PTC (Nikiforova et al., 2003; Castro at, 2006). PAX8/PPAR
translocations have been reported in a very lowegrgage (0%-1%) of PTC (Marques
et al., 2002).
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2.6.Histopathologic types of thyroid neoplasm

The histological classification recommended bel@vmodified from the WHO
published recommendations (Delellis et al., 200/)is protocol applies only to
carcinomas and does not apply to lymphomas, sa@nanetastatic tumors to the
thyroid gland. Given the fact that the classifioatiof papillary carcinoma is
predicated on the combination of architectural egtdmorphologic findings.

I.  Papillary carcinoma Variants (in alphabetical oyder
Classical (usual)
Clear cell variant
Columnar cell variant
Cribriform-morular variant
Diffuse sclerosing variant
Follicular variant
Macrofollicular variant
Microcarcinoma (occult, latent, small, plapy microtumor)
Oncocytic or oxyphilic variant (folliculaariant, non-follicular variant)
Solid variant
Tall cell variant

Warthin-like variant

Il.  Follicular carcinoma
Variants:

Clear cell variant

Oncocytic (Hurthle cell) variant
lll.  Poorly differentiated thyroid carcinomas includingular carcinoma
IV.  Medullary carcinoma
V. Undifferentiated (anaplastic) carcinoma
VI.  Carcinoma, type cannot be determined
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Another classification for thyroid tumor (I) Benigiumors the most common benign
thyroid neoplasm is follicular adenoma and rareidgrenumors include dermoid cysts,

lipoma, hemanigoma, and teratoma (seen mainlyfants).
(1) Malignant tumors.

The major subtype of thyroid carcinoma and thelatree frequencies include the

following

- Papillary carcinoma (75% to 85% of cases)

- Follicular carcinoma (10% to 20% of cases)

- Medullary carcinoma (5% of cases)

- Anaplastic carcinoma (5% of cases)

- Other malignant tumor
Malignant lymphoma
Sarcomas of various microscopic types have beeortexp in the thyroid
(Robbins and Cotran, 2007).

2.6.1.Follicular adenoma

Is defined as a benign encapsulated tumor that shewidence of follicular cell
differentiation. It is the most common thyroid n&sm, most patients are euthyroid
adults who initially have a thyroid lump, which epan is usually cold sometimes cool
or warm, many patients with thyroid adenomas haesated circulating levels of
thyroglobulin but few of the tumors are associatéth clinical hyperthyroidism (so
called toxic adenomas). It has been suggestedthiege autonomously functioning

tumors are more common in regions with iodine deficy.

Adenomas may exhibit a variety of patterns, sirgflyn combination: normofollicular
(simple), Macrofollicular (colloid), microfollicula (fetal), and trabecular/solid
(embryonal). Mitoses are rare or absent in theicidhr adenomas. Secondary
degenerative changes such as hemorrhage, edenrasidijb calcification, bone

formation, and cystic degeneration are common.

Enzyme histochemical and immunohistochemical profif adenomas mirrors that of

the normal follicle. There is reactivity for low-Nexular Weight keratin and
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thyroglobulin in the cytoplasm and for laminin armather basement membrane
components around the follicles. Several variarftdoblicular adenoma have been
described. Hurthle cell adenoma, Hyalinizing trall@c adenoma and Adenoma with

bizarre nuclei (Ackerman's, 2011).
2.6.2.Papillary carcinoma

is the most common type of thyroid cancer (Hulgt2®08) representing 75% to 85%
of all thyroid cancer cases (Robbins & Cotran, 300 occurs more frequently in
women and presents in the 30-40 year age groupalso the predominant cancer type
in children with thyroid cancer, and in patientsthwihyroid cancer who have had
previous radiation to the head and neck (Die¢tsal., 2012). Recurrence, metastases,
and cancer death may occur in a few patients amanare commonly associated with
more aggressive tumors, such as tall cell, colurnaby or diffuse sclerosing variants of
the PTC (Asioli et al., 2010).

Gross features

The size of the primary tumor ranges from microscop huge. A very high proportion
of thyroid cancers measuring less than 1cm in diamere of papillary type .Grossly
most cases are solid, whitish, firm , and clearhyasive, fewer than 10% are
surrounded by complete capsule marked cystic clsaageseen in about 10% of cases.

Sometimes papillary formations are evident to thlesa eye.
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Figure2.10Gross appearance of papillary thyroid carcinomavwsapath.com)

Microscopic features

Microscopically, the diagnosis of papillary caram@ depends on the presence of
certain architectural features (mainly in the faofrirue papillae) and /or characteristic
nuclear changes. The papillae are usually compeanching, and randomly oriented,
with a central fibrovascular core and a single toatsied lining of cuboidal cell. The
stroma of the papillae may be edematous or hyadind,it contain lymphocytes foamy
macrophages, hemosiderin, these papillae are nedwgys associated with the
formation of follicles. The follicles tend to beregularly shaped, often tubular and

branching.

The nuclear features of papillary carcinoma, whichare as important diagnostically

as the presence of papillae, consist of

1. Ground glass (optically clear) nuclei, which ofteave a large size and an
overlapping quality. The nucleolus is usually ingpicuous and pushed
against the nuclear membrane which appears thidkefikis change is
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present in sections obtained from paraffin-embedohederial but is less
apparent or absent in frozen sections or cytologtenal.

2. Nuclear pseudo inclusions - these represent ina#igims of the cytoplasm
and appear as sharply outlined acidophilic fornmetioln contrast to the
ground glass feature, the pseudo inclusions are r@adily apparent in
specimens from frozen section and aspirations.

3. Nuclear grooves - these tend to occur in oval andie nuclei, are usually
attached along the longest nuclear axis and repredde the pseudo
inclusions- the morphologic expression of infoldsnaf a redundant nuclear
membrane.

4. Nuclear microfilaments - A few cases have been ride=t in which the
nuclear clearing is due to the accumulation of thread like fibrils.

Mitoses are very scanty or absent. Over half ofdhases show extensive fibrosis, the
appearance of this fibrosis range from sclera hgato highly cellular psammoma

bodies are seen in approximately half of casesy Thay be located in the papillary

stalk, in fibrous stroma, or between tumor cellssalid foci. Their presence strongly

suggests the diagnosis of PTC. They representyamgortant clue to the diagnosis not

only in paraffin sections, but also in frozen sew$, cytology preparations. Theses
laminated basophilic structures stain for mucirdciaan, and iron and appear to arise
from necrosis of individual tumor cells.

Areas with a solid/ trabecular pattern of growté present in 20% of the cases and foci
of squamous metaplasia in a similar number; thenprence of trabecular formations

places the tumor in a poorly differential category.

Lymphocytic infiltration of stroma is seen in a ftuof cases, blood vessel invasion is

found in only 5% of cases.
Ultra structural features

The most distinctive feature of the cells of paifl carcinoma is the highly indented
nuclear membrane with formation of pseudo-inclusioand multilobation. The
cytoplasm is rich in mitochondria, lysosomes anrimediate filaments. The apical

surface exhibits microvillus differentiation (Ackears, 2011).
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Variants
1-Classic PTC

The classic PTC shows a papillary architecture Witdnching (DeLellis et al., 200
Khan & Nose, 2010). The papillae are covered bls aeikh eosinophilic cytoplasm ar
enlarged nuclei. The polarity of thells may be abnormal or lost in some tum
Squamous metaplasia may be present. Psammoma hairesoncentric lamella
composed partly of thyroglobulin are more commorsame variants of PTC. Sor
tumors may also contain multinucleated giant (Lloyd et al., 2011).

Figure 2.11 Classic papillary thyroid carcinoma (H&EX10) (Depaent of Pathology
Faculty of Medicine, Benghazi Universit
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Figure 2.12 Papillary carcinoma showing the spectrum of cytwlalgfeatures, te papillae
are covered by cells with pale nuclei, the nuele comparatively chroma rich. They are
ovoid, with grooving and distinct nucleoli. (H&EX}Q(Department of Pathology, Faculty
Medicine, Benghazi Universit

[.  Papillary microcarcinoma

This is defined as a papillary carcinoma measufiogy or less in diameter mc
cases have a satellite configuration and correspgonst-called occult sclerosin
carcinoma or non encapsulated sclerosing tumorrendi® other show partial or ne
total encapsulation, with or without tumor outside thepstde. It is a commo
incidental finding in thyroid glands removed fohet reasons it is associated w
cervical node metastases in about one third ofscaset distant metastases

exceptionally rag, and the prognosis is generally excel
II.  Encapsulated variant

This is defined as a papillary carcinoma totallyraunded by a capsule. It may still
associates with nodal metastasis, but the incidehdéstant metastases or tumor de
is nearly 2ro in contrast to papillary carcinomas, theseolesiare hot on thyroid sci

and are accompanied by a pale, vacuolated colldid.follicular cells tend to be lo
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columnar, with basally located normochromatic opdrghromatic nuclei (Ackerman
2011).

Follicular variant

These tumors look like follicular neoplasm whenraksed grossly. They are composed
of follicles of variable sizes. The colloid is ufiyadarker or hypereosinophilic
compared to the colloid in adjacent non-neoplasticoid and may show scalloping
“bubble gum” appearance. Occasional multinuclegiedt cells are present within the
follicles. The cytological features of PTC are imjpot to establish the diagnosis in
these tumors (DeLellis et al., 2004; Khan & Nos@l®. Supportive features for the
diagnosis are an invasive pattern of growth, fisratabeculation (Akerman,s,2011).
The diagnosis of follicular variant of PTC can beitg difficult and controversial
(Lloyd et al.,2004; Wallander et al.,2010). Thegrosis of these tumors is similar to
the typical PTC. An exception is the diffuse (mudtlular) follicular variant, which has
a more aggressive clinical course (DeLellis et 2004 ). The prognosis of follicular
variant of PTC also depends on whether they areptziply encapsulated or invasive
(Khan & Nose, 2010; Rivera et al., 2010).

Follicular variant of PTC can look like a folliculaeoplasm except for the cytological
features. Because these tumors can be easily emhfugh follicular adenomas and
follicular carcinomas, the use of immunohistochexhiend molecular markers can be
very useful in confirming the diagnosis in diffitudases. The follicular variant of
papillary carcinoma can be viewed as the balanesdltr of two opposing biologic

properties of the tumor cell differentiation in them of secretory activity (There by

making colloid-filled follicles) and proliferation.When one of these forces

predominates over the other, two further varianegya
Solid variant

This tumor, particularly common in children, resuithen proliferation predominates
over secretion. It is characterized by solid nestgenerally round shape that can be
viewed as filled- up follicles; it is distinguishelom other poorly differentiated

carcinoma because the nuclear features remain tfigsgillary carcinoma.
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B. Macro follicular variant

This variant has large dilated follicles, so thla¢ tumor resembles not so much a

follicular neoplasm as a hyperplasic nodule.
C. Diffuse(multinodular)variant

in this very unusual form, most of a thyroid ladresometimes both lobes are diffusely
involved by the tumor growth, which is difficult tcecognize because of its very

diffuseness.
D. Encapsulated follicular variant

This tumor type, which has become the single mostmaon Source of consultation
material in thyroid pathology and the subject ohsiderable controversy, can be
defined as a neoplasm surrounded by a capsuleamaghthe cytoarchitectural features
of papillary carcinoma, to make a diagnosis of thasiant, the nuclear alterations
should be widespread and well developed, and stippdeatures (Such as intratumoral
sharply defined fibrohyaline bands, elongated amaah¢hing follicles, abortive follicles,

and dense eosinophilic colloid) should be present.
V . Diffuse sclerosing variant

This variant is characterized by diffuse involvemehone or both thyroid lobes, dense
sclerosis, abundant psammoma bodies, extensive feali, squamous metaplasia, and
heavy lymphocytic infiltration. Clinically it may é misdiagnosed as Hashimoto’s

thyroiditis. Nodal metastases are nearly alwaysgnt lung metastases are common.
VI . Oncocytic (oxyphilic variant)

In this variant, the nuclear features remain tho$epapillary carcinoma but the

cytoplasm is abundant and has a granular oxypiuiadity.
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Figure 2.13. Follicular variant papillary carcinoma (H&EX20) épartment of Patholog
Faculty of Medicine, Benghazi Universit

VII. Tall cell and columnar variants

The tall cell variant is a type of papillary car@ma characterized by papillae lined b
single layer of ‘tall’ cells and an abundant aciditip cytoplasm. These features sho
be present in at least half of the tumor for ibeoplaed into this category. This varie
tends to affect older patients and clinical coussenore aggressive. In the columi
variant, there is prominent stratification, and ttyoplasm is clear. The prognosis

very poor.
VIII. Cribriform- morular variant:

As the name indicates, this variants is charaadriay the presence of a cribrifol
pattern of growth and morular formations some & tdases are sporadic, where
others are seen as part of a genetically determsyadrome that includes color

adenomatous polyposis.
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IX. Papillary carcinoma with exuberant nodular fasditis like stroma

In this variant, the prominence of the stromal teacof the tumor may obscure the
neoplastic epithelial component (Akerrisa2011).

X. Papillary thyroid carcinoma with prominent Hobnail features:

it is new aggressive variant of moderately difféieed papillary carcinoma,
multifocal has variable size complex papillary stures lined by cells with
increased nuclear / cytoplasmic ratios and apigaliyced nuclei that produced a

surface bulge (hobnail appearance) (Asioli et2410).

PTC can undergo dedifferentiation or transformatmrmnaplastic carcinoma(Kleihues
et al.,2004; Khan & Nose , 2010). In a study of Eofaplastic carcinomas, Albores
Saavedra et al. found that 46.8% PTC coexisted \aithplastic carcinoma (34
conventional type 14 tall cell variant and 3 falliar variant) supporting the concept of

dedifferenation of PTC leading to anaplastic camia (Albores Saavedra et al., 2007).

2.6.3.Follicular carcinoma

Follicular carcinoma become a relatively rare naspl whose identification largely
depends on the presence of invasion of the capsioled vessels, or adjacent thyroid it
shares with papillary carcinoma the same preddector females, but it occurs on the
average, in patients who are a decade older. Itsostopic appearance is extremely
variable, ranging from well formed follicles to aedominantly solid growth pattern.
Poorly formed follicles, cribriform areas, or trabéar formation may be present,
mitotic activity and nuclear atypia are usually redeut may be entirely lacking.
Psammoma bodies are absent, and squamous metapasaceptionally rare.
Immunohistochemically follicular carcinomas are atege for Tg, low-molecular-
weight keratin, EMA and basement membrane compsmrth as laminin and type IV
collagen.

Depending on its degree of invasiveness follicacinoma has been subdivided into a

minimally invasive and a widely invasive form.
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Minimally invasive follicular carcinoma

Is a grossly encapsulated tumor, often with a sarid fleshy cut surface/ the pattern of
growth usually resembles that of an adenoma of pomad, fetal or atypical type since

the diagnosis of malignancy depends entirely orddraonstration of blood vessel and /
or capsular invasion microscopically. The vessetaiil be of venous caliber be located
in or immediately outside the capsule and contai@ or more clusters of tumor cells
attached to the wall and protruding into the lumlaterruption of the capsule must be

full thickness for the process to qualify as capsulvasion.
Widely invasive follicular carcinoma

It shows widespread infiltration of blood vesselsl & or adjacent thyroid tissue. It often
lacks encapsulation altogether in contrast to fapikcarcinomas; follicular carcinomas
of either subtype are almost always solitary aratfically never occult. Metastases are

usually blood borne rather than to regional nodek¢rmars, 2011).
2.6.4.Anaplastic carcinoma

Other name undifferentiated carcinoma usually degy patients as a rapidly growing
mass associated with hoarseness, dysphagia, apdedysExtra—thyroidal extension is
encountered at the time of initial presentationmast of the cases. Grossly, a highly

necrotic and hemorrhagic solid tumor mass is seplacing large portions of the organ.

Microscopically, the term undifferentiated or aregtic carcinoma is used in the thyroid
gland in connection with two major categories tBatmetimes coexist, the first is
undifferentiated in the sense that it does not nfakieles, papillae, or even trabecular
or nests, the second category is actually compotaao patterns which are often seen
together and which are sometimes grouped undequb&fier of sarcomatoid: spindle
cell and giant cell. They may exhibit fascicularsboriform pattern of growth, heavy
neutrophilic infiltration, prominent vascularizatio and cartilaginous/osseous
metaplasia most if not all undifferentiated thyraidrcinomas arise as a result of
anaplastic transformation of a per —existing wéfledentiated tumor, usually papillary
carcinoma but also follicular carcinoma, Hurthldl carcinoma. The mortality rate is
over 95%, the mean survival is less than 6 morthd,the immediate cause of death is

usually involvement of vital structures in the néélckermars, 2011).
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2.6.5.Medullary carcinoma

Is the original and still the preferred term fodiatinctive type of thyroid malignancy
composed of C (parafollicular) cells, grossly, ttypical tumor is solid, firm, and
nonencapsulated but relatively well circumscribed dnas a gray to yellowish cut
surface most tumors are located in the midportionupper half of the gland,

corresponding to a greater concentration of celthis region.

Microscopically, the classic presentation is repnésd by a solid proliferation of round
to polygonal cells of granular amphophilic cytoplasand medium-sized nucleus,
separated by a highly vascular stroma, hyalinizetlagen, and amyloid coarse

calcification is common and can be prominent endogbe detected radiographically.

In fine needle aspiration preparations, medullagyrcinoma is characterized by
eccentric nuclei, “neuroendcrine-type” chromatimgcanspicuous nucleoli, binucleated
and multinucleated cells, ill-defined cell bordeasd clean back ground. Sometimes the

amyloid material can be identified.

Immunohistochemically, the tumor cells are reactive epithelial markers such as
keratin, general thyroid marker such as TTF-1, @adecrine markers such as NSE,
chnomogranin A,B,C and most important — the spe@foduct of (cells i.e calcitonin.
They are also consistently positive CEA and geheragative for Tg .The amyloid of
medullary carcinoma reacts with the generic stéanghis substance and has atypical
microfibrillary appearance ultra structurally. Itsa shows reactivity for calcitonin,
suggesting that its production may be related ® d@cretion or degradation of this
hormone (Ackermasy 2011).
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2.7. Diagnosis of Thyroid cancer

2.7.1.History and Physical examination

The most common presentation of thyroid canceniasymptomatic thyroid mass or a
nodule that can be felt in the neck. For any patigith a thyroid lump that has
developed recently, obtain a history regarding eyeior exposure to ionizing radiation
and the lifetime duration of the radiation exposwansider a family history of thyroid
cancer, some patients have persistent cough, ultficbreathing, or difficulty
swallowing, Pain is seldom an early warning signthyfroid cancer. Other symptoms
(e.g pain, stridor, vocal cord paralysis, hemotysapid enlargement) are rare. These
symptoms can be caused by less serious problenteeAime of diagnosis, 10-15% of
patients have distant metastases to the bonesuagd &nd, initially, are evaluated for

pulmonary or osteoarticular symptoms (e.g patholérgcture, spontaneous fracture).

Palpate the patient's neck to evaluate the sizdiandess of the thyroid and to check

for any thyroid nodules. The principal sign of thigt carcinoma is a palpable, firm, and
nontender nodule in the thyroid area. This magmisless. Some patients have a tight
or full feeling in the neck, hoarseness, or sightracheal or esophageal compression.
Usually, signs of hyperthyroidism or hypothyroidisane not observed (American

Cancer Society’s, 2009) .

2.7.2.Laboratory tests and Imaging studies

TSH, T3 and T4 measured to determine thyroid glatate (hypothyroidism or
hyperthyroid) but it is important to remember thayroid function tests are not
indicators of thyroid cancer and most people wityrdid cancer have normal thyroid
function. If patient has a family history of MT@he doctor will test blood calcitonin

and calcium levels .An elevated calcitonin level aadicate cancer (Lai et al., 2008).
Thyroid scan

A thyroid scan or nuclear medicine scan, test thedjs function. After a radioactive

tracer (dye — iodine or technetium) is injecte@dpacial camera captures images of the
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thyroid gland and measures the amount of dye taedghodulesabsorbs. Normal and
abnormal test results are reported as functiofimogmal), cold (underactive) or hot
(over active) suspicious cold nodules can be further evaluated pyocedure called

fine needle aspiration hot nodules do not generatiyire biopsy.

Results from imaging studies may assist doctooimfioming thyroid cancer diagnosis.
Different types of imaging studies include x — rapmputed tomograph{CT scan)
magnetic resonance imagirfylRl) and positron emission tomograpQyET scan)
(Lai et al., 2008).

2.7.3.Fine needle Aspiration (FNA)

depending on the size of the nodule, the doctor pejorm WA in his office, An
anesthetic numbs the area, although is usuallyaioiful small tumorgless than half
an inch) may require biopsy using ultrasound to guide neetdeement fine needle
Aspiration usually involves taking several samplest are microscopically examined
by a pathologist. Some times FNA results are notkwsive. If the doctors has reason
to think the nodule may be cancerous ,the doctoy reaommend a biopsy using a
larger needle ,open biopsy or removal of the thldrrgland (lobectomy). These
procedures are performed under general anesthesia operating room (Lai et al.,
2008).

FNA cytology is currently the most reliable diaghiogest for thyroid nodules and
establishes the definitive diagnosis of a benigmatfignant lesion in the majority of
cases, whereas 10 — 40% of all FNA samples arendsagl as indeterminate for
malignancy (Gharib et al., 2007).

The general category of indeterminate cytology emuasses several sub categories,
that is follicular lesion of indeterminate signdiece (FLUS), follicular neoplasm
/Hurthle cell neoplasm, and suspicious for maligriyanwhich correlate with the
estimated risk of malignancy of 5-10%, 20 - 30%d,&0 - 75%, respectively (Baloch
et al., 2008).

Owing to the lack of definitive diagnosis ,mostigats with indeterminate cytology
undergo surgery ,although only 8 - 17% of surgicamoved thyroid nodules are

malignant (Mazza Frri et al., 1993; Baloch ef 2002). Patient with indeterminate
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FNA cytology and malignant tumors are not adequategtéd as well as most of them
initially undergo thyroid lobectomy and later ha@mother surgery to complete

thyroidectomy.

Molecular testing of FNA samples may significantimprove the accuracy of
cytological diagnosis of thyroid nodules .most aigrece is BRAF mutations. The
results ofBRAF testing in 2766-NA samples have been reported in 18prospective and
retrospective studies (Hayashida et al., 2004; §hu2006; Jin et al., 2006; Kumagai
et al. ,2007; Kim et al.,2008; Nikiforov et £009).

Among 581BRAF — positive nodules tested HNA samples in these studies ,580 were
papillary carcinomas on pathological examinationhef resected nodules ,whereas one
was diagnosed as a benign nodule ,resulting irfalse — positive rate of 0.2%. this
reportedly benign nodule hatiistopathological diagnosis of atypical nodular
hyperplasiaimportantly 15— 40%0BRAF—positiveFNA samples are indeterminate or
non diagnostic by cytology (Coheny , 2004; Salvatat al., 2004; Pizzolanti et al.,
2007; Kim et al., 2008; Joys et al., 2009; Nikder et al., 2009). Indicating that testing
for BRAF is helpful in establishing the definitive diagrosif cancer in nodules with
indeterminate cytology.

Detection ofRAS mutation which was the second most common mutaitatBRAF,
also appeared to be of high diagnostic valuEN®A samples, as it conferred an 87 —
100% probability of malignancy. The biggest diagimogmpact can be achieved by
testing FNA samples for a panel of mutations rather then fosirggle mutation
(Nikiforov et al., 2009; Ohori et al., 2010). Gapet al. evaluated patients undergoing
FNA prospectively with a panel of molecular markeResults were sixty-eight
aspirates from 66 patients were positive for RASations including 63 cytologically
indeterminate (93%), 3 malignant (4%), and 2 ber(8§%) specimens. Their conclusion
were most RAS-positive thyroid cancers have indetaate cytology, lack suspicious
ultrasound features, and are histologically lowdgrdollicular variant histology PTC.
Lymph node and distant metastases are uncommobilatgral disease is frequent.
Total thyroidectomy should be considered for ihigairgical management of most
patients with RAS-positive FNA results (Gupta let2013).
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Many studies have explored the diagnostic utilityrmlecular testing for a panel of
mutations consisting @RAF, RAS, RET/PTC, andPAX8/PPAR, (Nikiforov et al.,
2009; Ohori et al., 2010). the guide — lines recwnd the use of molecular markers,
such aBRAF, RAS, RET/PTC, and PAX, / PPAR,, for indeterminate KA cytology

to help guide patient management (Yuri Nikiforo012).

Over helps of molecular testing of fine-needle amn (FNA) in diagnose thyroid
cancer, the molecular testing of cytologically iteteninate FNA results is cost saving
predominantly because of reduction in two-stagedidgctomy. Appropriate use of
emerging molecular testing techniques may thus bplpmize patient care, improve

resource use, and avoid unnecessary operation€yg., 2012).

Table 2.1. Improved diagnosis from molecular testing of thgrd=NA biopsies
(Nikiforova, 2009; Xing et al., 2009; Cantara et 2D10).

Positive Result Probabilityfonalignancy
Cytology 44- 60%
Cytology plus Molecular testing 80- 90%
BRAF Testing 99.8%
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2.7.4.Grading

Histological grading of thyroid tumors is not commhyp performed and is not included
in RCPath dataset. However, grading may providefulsadditional prognostic
information (Hay et al., 1987; Akslen et al., 2D0® is therefore recommended that,

where possible, a grade be assigned to the pritnargr as follows
G1 Well differentiated

G2 Moderately well differentiated

G3 Poorly differentiated

G4 Undifferentiated

GX Grade cannot be assessed

For papillary tumors, a simple grading system baseda combination of marked
nuclear atypia, tumor necrosis and vascular invesias been proposed (Hay et al.,
1987). Grade 1 tumors have none of these featusge= one or more. For follicular
tumors, the presence of an insular, solid or ofes well differentiated component in a
predominantly follicular lesion would warrant Grad2 Predominance of the
dedifferentiated component would place the tumdgiade 3 (Geoffrey et al., 2006).
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2.7.5.Staging

The American Joint Committee on Cancer (AJCC) hesighated staging by TNM
classification to define thyroid cancer (Edge et2010).

Table 2.2. American Joint Committee on Cancer (AJCEclinical TNM
classification of thyroid cancer (Edge et al., 2020

Primary Tumor (T)

X
TO
T1
Tla
Tlb
T2
T3

T4a

T4b

Primary tumor cannot be assessed.

No evidence of primary tumor.

Tumor<2 cm in greatest dimension limited to the thyroid.

Tumor<l cm, limited to the thyroid.

Tumor >1 cm but2 cm in greatest dimension, limited to the thyroid.
Tumor >2 cm but4 cm in greatest dimension, limited to the thyroid.

Tumor >4 cm in greatest dimension limited to thgroid or any tumor with
minimal extrathyroid extension (e.g., extension diernothyroid muscle or
perithyroid soft tissues).

Moderately advanced disease.

Tumor of any size extending beyond the thyroid abp$0 invade subcutaneous
soft tissues, larynx, trachea, esophagus, or recularyngeal nerve.

Very advanced disease.

Tumor invades prevertebral fascia or encases damtiery or mediastinal
vessels.

“T4a  Intrathyroidal anaplastic carcinoma.

“T4b | Anaplastic carcinoma with gross extrathyroid exi@ms

®Reprinted with permission from AJCC

°All categories may be subdivided: (s) solitary tumor and (m) multifocal tumor (the
largest deter mines the classification).

°All anaplastic carcinomas are considered T4 tumors.
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Regional Lymph Nodes (Nj®

NX | Regional lymph nodes cannot be assessed.
NO | No regional lymph node metastasis.
N1 | Regional lymph node metastasis.

Nla | Metastases to Level VI (pretracheal, paratrachaal prelaryngeal/Delphign
lymph nodes).

N1b | Metastases to unilateral, bilateral, or contratdteervical (Levels I, I, lll, IV, or
V) or retropharyngeal or superior mediastinal lynmgldes (Level VII).

Distant Metastasis (M}

MO No distant metastasis.

M1 Distant metastasis.
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Table 2.3. American Joint Committee on Cancer(AJCC) stage grouping
(Anatomic Stage/Prognostic Group%®) (Edge et al, 2010)

Stage T N M

Papillary or follicular (differentiated)

YOUNGER THAN 45 YEARS

| Any T Any N MO

[ Any T Any N M1

45 YEARS AND OLDER

I T1 NO MO
Il T2 NO MO
1 T3 NO MO
T1 Nla MO
T2 Nla MO
T3 Nla MO
IVA T4a NO MO
T4a Nla MO
T1 N1b MO
T2 N1b MO
T3 N1b MO
T4a N1b MO
VB T4b Any N MO
Stage IVC Any T Any N M1

Medullary carcinoma (all age groups)

I T1 NO MO
Il T2 NO MO
T3 NO MO
Il T1 Nla MO
T1 Nla MO
T2 Nla MO
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Stage T N M
T3 Nla MO
IVA T4a NO MO
T4a Nla MO
T1 N1b MO
T2 N1b MO
T3 N1b MO
T4a N1b MO
Stage IVB T4b Any N
VB T4b Any N MO
IVC Any T Any N M1
Anaplastic carcinoma
IVA T4a Any N MO
IVB T4b Any N MO
IVC Any T Any N M1
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Stage | papillary thyroid cancer

Stage | PTC is localized to the thyroid gland. :nmaany as 50% of cases, there are
multifocal sites of papillary adenocarcinomas tlyioout the gland. Most papillary

cancers have some follicular elements, and these sometimes be more numerous
than the papillary formations, but this does noarde the prognosis. The 10-year
survival rate is slightly better for patients yoenghan 45 years than for patients older

than 45 years.
Stage Il papillary thyroid cancer

Stage Il PTC is defined as either: (1) tumor trest Bpread distantly in patients younger
than 45 years, or (2) tumor that is larger tham2btit 4 cm or smaller and is limited to
the thyroid gland in patients older than 45 yetrsas many as 50% to 80% of cases,
there are multifocal sites of papillary adenocavoias throughout the gland. Most
papillary cancers have some follicular elements] Hrese may sometimes be more
numerous than the papillary formations, but thiedoot appear to change the

prognosis.
Stage Il papillary thyroid cancer

Stage Il is PTC in patients older than 45 yeagd th larger than 4 cm and is limited to
the thyroid or with minimal extrathyroid extensiasr, positive lymph nodes limited to

the pretracheal, paratracheal, or prelaryngealtid@ipnodes. Papillary carcinoma that
has invaded adjacent cervical tissue has a womgnpsis than tumors confined to the
thyroid.

Stage IV papillary thyroid cancer

Stage IV is PTC in patients older than 45 yeardh veixtension beyond the thyroid
capsule to the soft tissues of the neck, cervigaiph node metastases, or distant
metastases. The lungs and bone are the most fitedistant sites of spread, though
such distant spread is rare in this type of thyroahcer. PTC more frequently
metastasizes to regional lymph nodes than to disiées. The prognosis for patients

with distant metastases is poor (Edge et al., 2010
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2.8.Screening and prevention

No screening is indicated for the general poputatRisk-directed screening should be
considered when the primary care physician idestipatients with: Familial thyroid
cancer, including medullary thyroid cancer (MTC)stary of neck irradiation in
childhood , family history of multiple endocrine apasia type 2 (MENZ2). The
following carry a statistically increased risk difytoid malignancy but no screening is
recommended: Endemic goiter, hashimiotothyroiditisk of lymphoma), family or
personal history of thyroid adenoma , Cowden's syme (macrocephaly, mild learning
difficulties, carpet-pile tongue, with benign or Ilgaant breast disease), familial

adenomatous polyposis (Geoffrey et al., 2006).
Prevention

There are several scattered activities are caou¢dh the Arab countries to prevent and
control of nutritional problems, one of them aren€@ol programmes for iodine
deficiency disorders (IDD). Control programmes fDID are not usually targeted to
specific age or sex groups, e.g., women or childben rather to whole populations.
Successful IDD control programmes would resulthe promotion of iodine status in,
along with other groups, women, adolescent girlgl ahildren. Consequently,
improvements in their physical and mental healtth @dcur. The Region has been very
active in this area over the past two decades, sugiport from the WHO, the United
Nations Children’s Fund and the International Coumar the Control of iodine
Deficiency Disorders. Not all countries in the Reygihowever, have national control
programmes. In Tunisia, IDD has been officially ldeed by the WHO to be under
control, and in Jordan, Lebanon, the Syrian ArapuRéc and Yemen it is said to be
almost under control. Seventeen of the remaininghtees have ongoing programmes
for universal salt iodization and 16 have apprdpriagislation for this. In the Region as
a whole, about 51% of households currently consiodzed salt (Djazayery, 2004).
Previous head or neck irradiation in childhood igoasible cause of thyroid cancer in
adults.  Exposure to radiation should be limitedemever possible. In cases of
populations or individuals being contaminated wahkioactive iodine, the thyroid can

be protected by administering potassium iodide Kgutet al., 2011).
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2.9.Treatment

The treatment of patients with PTC consists of fmain components: adequate surgical
extirpation of disease, adjunctive RAI ablatiorsglected cases, TSH suppression, and
surveillance. The overall management strategy fyr iadividual patient depends on
preoperative and Intraoperative findings as welthas final TNM classification and
postoperative evaluation. The surgical options fesection of the primary cancer
include thyroid lobectomy versus total or neardttiigroidectomy. One of the ongoing
debates in the treatment of patients with PTC tverpast several decades has been the
extent of thyroidectomy, particularly for small, thathyroidal, low-risk, well-
differentiated PTCs. Because of the low incideniciiayroid cancer and its overall good
prognosis, no controlled, prospective studies hemmpared the surgical treatment
options, so these debates are thus likely to coetinThose supporting thyroid
lobectomy as the treatment of choice argue thatesstudies have shown no survival
benefit to more extensive thyroidectomy (Shaha ¢t18197; Sanders et al., 1998;
Haigh et al., 2005), and that lobectomy is assediatith lower rates of complications,
such as recurrent laryngeal nerve injury and peemihypoparathyroidism. Arguments
supporting total thyroidectomy include reports thave shown that more extensive
thyroidectomy is associated with lower recurrerates and a survival benefit compared
with lobectomy (Hay et al.,, 1998; Bilimoria et aR007). Also, in the hands of
experienced endocrine surgeons, the complicatidas rare comparable for total
thyroidectomy and lobectomy (Sosa et al.,, 1998nddnl et al., 2000) PTC is
multifocal in up to 80% of cases and bilateral pmta 60% (Katoh et al., 1992), and
removal of the entire thyroid gland facilitates thee of postoperative RAI to treat
residual microscopic or metastatic disease anavalfor the use of serum thyroglobulin
(Tg) postoperatively as a sensitive marker for nesu disease. Consensus guidelines
recommend total or near-total thyroidectomy as pineferred initial procedure for
patients with PTC, with absolute indications inéhgla history of radiation exposure,
familial thyroid cancer, tumor size greater thaord, known extra thyroidal extension,
cervical lymph node or distant metastasis, or agreggive histological variant of PTC
(Cooper et al., 2006; Sherman et al., 2007). Ancdhea of controversy in the treatment
of patients with PTC is the extent of lymphadenegtoLymph node metastases from

PTC are very common, with contemporary series @plylactic neck dissections
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demonstrating a prevalence of 33% to 63% for céntek (pre- or paratracheal [level
VI]) nodal metastases, and a prevalence of 57%4% fr lateral neck (internal jugular
vein levels 1lI, 1, and 1V) nodal metastases noetetted by preoperative
ultrasonography (Pereira et al., 2005; Shindo ¢t28l06; Ito et al., 2006; Ito et al.,
2007) because some studies have shown that lyangbd metastases have no impact on
overall survival, particularly in patients youndban age 45 years (Sanders et al., 1998;
Greene et al.,, 2002; Toniato et al., 2008). Tharapecompartment oriented lymph
node dissection is indicated for patients with knaxrvical nodal metastases. Selective
node removal, or “berry picking” should not be ddrexause patients with PTC may
develop recurrent disease within a previously digsk compartment, possibly
necessitating high-risk revisional lymphadenectorhymph node metastases are
usually identified preoperatively by palpation or idfrasonography and confirmed by
FNA biopsy. The central compartment of the neckess completely evaluated by
preoperative ultrasonography (Kouvaraki et al.,30&nd should also be evaluated at
the time of thyroidectomy, with a central neck didson performed if a suspicious
appearing lymph node is confirmed to contain metiastaTC on frozen section
analysis. The role of prophylactic lymphadenectamyhe treatment of patients with
PTC is controversial. Prophylactic lateral necksdidion is not done in Europe and the
United States. Prophylactic central neck dissectioowever, remains an area of
controversy. Proponents of routine prophylactic tz@nneck dissection argue that
central neck nodal metastases are common (Peteata 2005; Ito et al., 2006; Shindo
et al., 2006). Some studies have shown that rebilymaph node metastases are
associated with higher rates of recurrent disegsadn et al., 1996; Mazzaferri et al.,
2001), and patients who develop recurrent disease higher rates of cancer-specific
mortality (Mazzaferri et al., 1994; Mazzaferri &t, 2001). Opponents of routine
prophylactic central neck dissection argue thaeostudies have shown that lymph
node metastases have no impact on overall survesadl that this procedure is
associated with a higher risk of complications,hwieported rates of transient vocal
cord paralysis of 2% to 7%, rates of transient Ipgvathyroidism of 14% to 60%, and
rates of permanent hypoparathyroidism of 2% to 3%&jor consensus guidelines
disagree with respect to prophylactic central ndddsection, the ATA guide-lines
recommend considering routine central compartmenk rdissection for patients with

PTC but state that near total or total thyroidegtamthout central neck dissection may
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be an alternative approach when followed by RAIq@=r et al., 2006). On the other
hand, the NCCN guidelines do not advocate router@ral neck dissection and only
recommend it if lymph nodes are palpable or biogpxen positive for metastatic
disease (Sherman et al.,, 2008). Locally advancedade may be overt or found
incidentally at the time of thyroidectomy. If aeigestive tract invasion is seen on
preoperative imaging or endoscopy, the patientdopmance status and extent and
progression of metastatic disease should help ghi&ldecision to perform an extensive
laryngotracheal or full-thickness esophageal résectversus palliation with
intraluminal laser tumor debulking or stenting.elmtal jugular vein invasion should be
managed by unilateral resection; the rare circunecgtaf bilateral internal jugular vein
invasion may be managed with bilateral resectian,these two procedures should be
staged at least 6 weeks apart. External-beam hestagty should be considered for
positive margins. The second component of the glokatment strategy for patients
with PTC is RAI ablation. It is usually administdré to 12 weeks after surgery, and its
purpose is to destroy any remnant thyroid tisster afiyroidectomy and to treat occult
or known metastatic disease. A controversy in the of RAI is that although some
studies show that it reduces rates of recurrendecancer-specific mortality (DeGroot
et al.,, 1990; Samaan et al., 1992; Mazzaferri ¢t1894; Sawka et al., 2004), other
studies have shown no benefit (Hundahl et al., 1888pers & Cady, 1998; Hay et al.,
2002; Sawka et al., 2004), particularly for patsenlassified as having low-risk PTC.
Both the ATA and NCCN consensus guidelines reconamB/l ablation for all
patients with PTC except select patients with stadjsease who are at very low risk for
recurrence (e.g., those with well-differentiatedifocal tumors smaller than 1 cm, no
extrathyroidal extension or vascular invasion, andymph node or distant metastases)
(Cooper et al.,, 2006; Sherman et al., 2008). Initaag the NCCN guidelines
recommend omitting RAI ablation in patients who éav negative whole-body RAI
scan with Tg levels below 1 ng/mL and negative-agtiantibodies under conditions of
adequate TSH stimulation (Sherman et al., 2008¢ iBotope used for ablation is
iodine 131 (I 131 ), which is administered in di@m as sodium iodide and has a half-
life of 8 days. Thyroid cells are unique amongcallls of the human body as they have
the ability to absorb iodine. Thyroid cells wilbsorb and concentrate also radioactive
iodine, and the radioactivity destroys the cellc&ese papillary and follicular thyroid

cancer cells retain this ability to absorb iodireioiodine thus destroys any remaining
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normal thyroid tissue and occult microscopic cavoma. This means that even
metastatic disease in most cases will be trea{@delumberger, 1998; Sherman et al.
2005). Contraindications to the use of RAI inclymtegnancy and lactation. Women of
childbearing age should have a negative pregnastyrésult before treatment and are
advised to not become pregnant for at least 6 tmagths after treatment. Preparation
for treatment includes following a low-iodine dfet 1 to2 weeks and discontinuing all
iodide-containing products (including multivitam)ns thyroid hormones, and
amiodarone to allow the TSH to increase to aboven80/mL and stimulate maximal
uptake of the | 131 (Meier et al., 2002). Some phges treat patients after
administration of recombinant human TSH (rhTSHheatthan after withdrawal of
thyroid hormone. Based on a prospective, internatiomulticenter trial, the US
Food and Drug Administration approved the ush®SH to facilitate RAI ablation
of thyroid tissue remnants in patients who have eogone near-total or total
thyroidectomy for well differentiated thyroid camge the absence of metastatic disease
(Pacini et al., 2006). In recent study Sherman detnated the addition of recombinant
human thyrotropin to diagnostic testing replaces ribquirement for thyroid hormone
withdrawal and symptomatic hypothyroidism that haelen necessary to generate
sufficient endogenous thyrotropin for radioiodirearsning and thyroglobulin testing, so
recombinant human thyrotropin-stimulated testingntcmes to be a valuable
component of follow-up testing in the first yeateafinitial treatment of differentiated

thyroid cancer (Sherman, 2013).

The third component in the global treatment stnatégr patients with PTC is
administration of supraphysiologic doses of thyrdidrmone in the form of
levothyroxine (LT4). The rationale behind this #yey is to suppress TSH, which is a
known stimulator of thyroid cell proliferation. Lge retrospective and prospective
studies, as well as a meta-analysis, have demtedtithat patients treated with TSH
suppressive doses of LT4 have a decreasedfigkajor clinical adverse events,
particularly in patients with PTC who fall into agh-risk group (Mazzaferri et al.,
1994; Cooper et al.,, 1998; McGriff et al.,, 200Zhe ATA consensus guidelines
recommend TSH suppression to below 0.1 mlU/mL faghhisk patients and to
between 0.1 and 0.5 mIU/mL for those in the lovi-igsoup (Cooper et al., 2006). The
last component in the global treatment strategypfaitents with PTC is surveillance.
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Tumor burden should be monitored periodically bypemenced physicians. The
measurement of serum TSH, Tg, and anti-Tg levels;ical ultrasonography; and RAI
scanning are all sensitive for the presence ofduesior recurrent disease. Anti-Tg
antibodies, which are present in about 25% of ptievith thyroid cancer and can
falsely lower serum Tg levels (Spencer et al.,, 19%hould always be measured
concurrently with TSH and Tg. Serial anti-Tg antdlgdevels may be followed as a
surrogate marker for Tg (Cooper et al., 2006). 3inategies used for PTC surveillance
are highly variable and institution specific. Whalildws is a basic strategy based on
consensus guide-lines. Initial follow-up should wrcat 6 and 12 months after RAI
remnant ablation and should consist of measuremwieSH, Tg, anti-Tg antibodies,
and cervical ultrasonography. If the unstimulatedl@vel is undetectable (<1 ng/mL)
and the cervical ultrasonography results are negalig should be remeasured under
conditions of LT4 withdrawal or rhTSH stimulatio@doper et al., 2006; Sherman et
al., 2008). If the patient is disease free (Tg gamL), retesting should be done on an
annual basis. If the stimulated Tg is detectabie-6>ng/mL), however, then the patient
should undergo a whole-body RAI scan (WBS). If WiBS results are positive, further
management depends on the site(s) of recurrerdasiséf the WBS results are negative,
FDG-PET scanning should be considered for furtiatuation (Sherman et al., 2008).
Patients with a locoregional recurrence should hawenfirmed by FNA biopsy and
then undergo surgery if the recurrence is reseetdliiese locoregional recurrences are
usually lymph node metastases that survived th&lirRAl ablation, and appropriate
treatment consists of a formal lymph node dissactibthe involved lateral or central
compartment. If the recurrence is in a previoussgected compartment, then excision
of the solitary recurrence is appropriate, althowogjirer surrounding lymph nodes are
often found to be positive at the time of surgefrfis is recommended even in the
presence of distant metastatic disease to paliateptoms or to prevent subsequent
airway or esophageal obstruction. Resection of regional recurrences should be
followed by another treatment dose of RAI if thentr is iodine avid. Cytotoxic
chemotherapy has not traditionally been found toeHective in the treatment of
patients with PTC (Leaf et al., 2000). It is notlicated in the adjuvant treatment of
patients with resected PTC. For advanced, RAIl4a&sis differentiated thyroid

carcinoma, the agent that has historically beenlampnted is doxorubicin. Response
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rates of up to 40% have been reported, althougldingtion is short lived (Gottlieb et
al., 1992).

Molecular targeted therapy

Novel therapies for the treatment of patients vaeittvanced or metastatic PTC include
redifferentiation agents, which are agents thagefathe RAS pathway, the BRAF
pathway, vascular endothelial growth factor andréseptors, the epidermal growth
factor receptor pathway, and other angiogenic pagswwith agents such as
thalidomide and proteasomes (Braga-Basaria et2803). Some agents, such as
sunitinib and sorafenib, inhibit multiple recepttyrosine kinases and thus target
multiple pathways involved in tumor growth. A retgrhase Il trial implementing

sorafenib for patients with metastatic, iodine-aefory thyroid carcinoma demonstrated
an overall clinical benefit rate (partial respongestable disease) of 77% (Gupta-
Abramson et al.,, 2008). The data are preliminand &urther trials are needed to
validate the drug’s long-term efficacy. Enrollmantclinical trials for patients with

advanced thyroid cancer is strongly encouraged.
Pregnancy and thyroid cancer

Thyroid cancer, is often detected in young femadgiemts. Therefore, pregnancy
following thyroid cancer is not infrequent, and ab@0% of thyroid cancers occurring
during the reproductive years are diagnosed dupirgggnancy or in the early post-
partum period. Differentiated thyroid cancer (DTi€@)young people generally has an
excellent prognosis, and disease-free survival gmeomen with DTC diagnosed
during pregnancy may not differ from that in agetchad non-pregnant women with

similar disease (Gibelli et al., 2011).

The management of thyroid cancer diagnosed duriregnancy requires careful
consideration of risks to mother and fetus. Surgelindicated, but evidence regarding
the optimum timing is unclear. Thyroidectomy in firet trimester of pregnancy carries
a high risk of abortion, but may be performed safelthe 2 nd trimester. Alternatively
surgery can be deferred until after delivery, pded that the tumor is monitored
regularly (e.g by ultrasound) and found to be reabty stable. In cases of advanced or

aggressive disease delays in treatment would bessinadble, and termination of
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pregnancy may (rarely) need to be considered. 13a&blation or therapy must be
avoided in pregnancy. Suppressive thyroxine therapgafe during pregnancy. A
thyroid nodule presenting during pregnancy shouldl ihvestigated by FNAC.

Radioiodine scans are contraindicated in pregnandybreast-feeding .
Pregnancy in the treated patient

In accordance with ARSAC, it is recommended thatmen should defer conception
for a minimum of 6 months and men for a period ofdnths following 131 | ablation
or therapy (ARSAC, 2006). A small risk of spontane@abortion may persist for up to 1
year after high dose 131 | ablation or therapyséCa et al,. 1993; Dottorini et al.,
1995; Schlumberger et al., 1996; Schlumberger.efi@B7; Ayala et al., 1998). There
is no risk of previous 131 | ablation or therapy toe fetus, provided the

recommendations are followed (Casara et al.,1988pbDni et al., 1995).

Suppressive levothyroxine therapy should continuend pregnancy and to achieve
this, the dose should be increased as soon as gmegnis confirmed by

approximately 25% (Mandel et al., 1990) and furttefjusted if necessary
according to monitoring of thyroid function tests.

The thyroid status should be checked by measuresm@nserum TSH and free
thyroxine during each trimester to ensure that T&ihains suppressed, as
levothyroxine requirements may increase during paegy (UK guidelines for the

use of thyroid function tests, 2006).

For men there should be a minimum period of 4 meritbm 131 | ablation or
therapy before unprotected intercourse takes plgi@dministration of Radioactive

Substances Advisory Committee, 2006).

Thyroid cancer in childhood

Differentiated thyroid cancer is rare in childredhildren at particular risk are those
previously exposed to radiotherapy to the headeoknThyroid nodules are more likely
to be malignant in children than in adults so stabexcision may be appropriate even

if findings from FNAC suggest benign disease. Tigroancer in children aged 10
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years or less is more aggressive than in adults reskd of recurrence is higher
(Schlumberger et al., 1987; Jarzab et al., 20088. general principles of management
are similar to those in adults, however the margaggam must include a paediatric
endocrinologist, paediatric oncologist, total thgilectomy followed by TSH
suppression is recommended for most patients, tselecmeck dissection is
recommended for children with clinically positiveak nodes (Thompson et al., 2004)
, 131 | ablation is recommended for all childpamticularly those aged under 10 years,
but the decision about 131 | ablation should laividually determined (La Quaglia et
al., 2000; Jarzab et al., 2000; Thompson eR@D4), follow-up with serial serum Tg
measurements should be life-long (Laundau et @002
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2.10.Prognostic factors

several prognostic factors have been idedtiiie PTC. Traditional factors can be
divided into 4 categories, backgrounds of patief#stors based on preoperative, and

Intraoperative and postoperative evaluations.

2.10.1.Traditional prognostic factors
2.10.1.1. Backgrounds of patients include

1. Age

Patient age is an important background factor foedigting prognoses. Several
classification systems have adopted age as a prommfaetor in deciding whether
carcinoma should be considered high risk. &xample

e AGES — age Grade, Extent of disease, size .
e AMES — age, Metastasis, Extent of disease, size.

o MACIS — metastasis ,Age at presentation ,completenessrgical resection ,Invasion
(extra thyroidal), size ( New York Thyroid Center, 2007) (this isnadification of the
AGES system)lt is probably the most reliable staging methodilabée.

MAICS

The MAICS system of estimating the prognosis of P¥&s developed by the mayo
clinic and was based on careful evaluation of gdagroup of patients .1t is probably the
most reliable staging method available (New Yorkyrbid Center, 2010). It assigns
scores to the main factors involved, and uses tne sf this scores to calculate the
prognosis.
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Table 2.4. The MAICS system for prognosis of PTX(v York Thyroid Center, 2010)

factors score
Distant metastasis: spread of the cancef to Yes 3
areas out side the neck
No O
Age at the time the tumor was discovered Lessthan 39 yrs 3.1

over 40 yrs 0.08x age

Invasion into surrounding areas of the neck as Yes 1
seen by the naked eye

No O
Completeness of surgical resection  |(or In complete 1
removal) of the tumor

Complete 0
Size of the tumor 0.3xsize in cm
Sum of MAICS score 20 yr survival
<6.0 99%
6.0- 6.99 89%
7.0-7.99 56%
>8.0 24%

Most patients fall in the low risk category (MAS score less than 6.0) and are cured
of the cancer at the time of surgery (New York TigrCenter, 2010). Children with
multiple lung metastases and /or a miliary aspélt ls|ave an excellent long-term
prognosis if given adequate treatment (Vermeer-Mera., 2006). By over all cancer
staging into stages | to IV, papillary thyroid cantias a 5-year survival rate of 100%
for stages | and Il, 93% for stage Il and 51%dtage IV (American Cancer Society’s,
2009).
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2-Gender

females are said to have a better prognosis thdasmalthough in some series the
difference has not been significant (Ackeriga2011).

3-Family History

PTC and FTC are generally considered sporadit wMliie exception that these are
lesions also associated with rare inherited deseasich as familial adenomatous
polyposis, Gardner syndrome, and Cowden diseasgn(FE997; Sturgeon and Clark,
2005).

2.10.1.2.Prognostic  Factors Predominantly Based onPreoperative
Evaluation

1. Tumor Size

Tumor size was adopted as a factor discatmyg high risk patients from others
in various classification systems such as Ul€&ssification (Sobin et al., 2002),
MACIS scoring system (Hay et al., 1993), and AME=Rdy et al., 1988). In UICC

TNM classification, there are two cutoffs, 2 cm anhdm (T1 for 2 cm or less, T2 for
2.1-4 cm, and T3 for larger than 4 cm) (Sobin gt2§102). In AMES, 5 cm is a cutoff
between high-risk and low-risk patients (Cady et¥388).

2. Multiplicity of Primary Lesions.

PTC is frequently multiple. There is study showkdttlateral node metastasis is more
frequently detected in multiple microcarcinomasntla solitary microcarcinomas (Ito
et al., 2004). Also Lee et al. said the multiforwathors in patients with papillary thyroid
carcinoma are associated with increased risk atdihl central compartment and lateral
cervical lymph node metastasis (Lee et al., 2009)s, therefore, suggested that
multiplicity reflects the aggressive behavior of PT&€ some extent. However, in
another study said multiplicity was not an indepartcprognostic factor on multivariate

analysis (Ito et al., 2010).
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3- Clinical Lymph Node Metastasis (N).

Lymph node metastasis is a very common event acdgnized as one of the most
important prognostic factors. However, prominemaissification systems such as AMES
(Cady et al., 1988) and MACIS (Hay et al., 1993)ndd adopt lymph-node metastasis
as a prognostic factor. This may be possibly bexdhsse systems were based on a
series of patients who underwent surgery before elseablishment of routine
ultrasonography as a preoperative imaging studwpdourate evaluation of lymph-node
metastasis. At present, lymph-node metastasis @amprboperatively evaluated on
imaging studies, ultrasonography is the most uiskfal for this purpose. Node
metastasis detected on preoperative imaging studiesalled clinical lymph node
metastasis (N). Evaluation of clinical node metsistas very important, and it was
divided into two categories in UICC TNM classifieati (Sobin et al., 2002): Nla,
central node metastasis and N1b, metastasis tlatdr@l or mediastinal compartment.
In this classification, N1b is upgraded comparedNi@ and N1b patients are further
upstaged if they are aged 45 years or older.duigently considered that the prognostic
impact of clinical node metastasis can be divided three categories: (1) clinical node
metastasis measuring 3cm or larger or showing BRattal tumor extension on
Intraoperative findings (high risk), (2) clinicald® metastasis smaller than 3cm without
extra nodal tumor extension(intermediate risk), é8)dnho clinical node metastasis (low
risk).

4- Distant Metastasis at Surgery (M1).

Although rarer than FTC, PTC can metastasize nit i regional lymph nodes, but
also to distant organs such as the lung, bonebasid. Distant metastasis at surgery
can be detected on imaging studies such as CT aodnPET- CT and also on
postoperative radioactive iodine (RAI) ablation whole body scan. There are no
doubts that distant metastasis at surgery is ortleeomost important prognostic factors
for CSS of patients (Ito et al.,, 2010). Howeverpgmosis of M1 patients fier
according to other clinicopathological featurestlod patient. Many previous studies
analyzed M1 patients and patients showing distantirrence during postoperative
follow up as a single group and/or analyzed PTC ER@ as DTC in a single group
(Pacini et al., 1994; Shoup et al., 2003; Haqg &, 2005; Orita et al., 2012). Some
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study has consistently shown M1 is directly linkedther clinicopathological features
such as gender, tumor size, extrathyroid extensind,N factor, indicating that distant
metastasis at diagnosis will more likely be found?TC showing aggressive behavior
(Ito et al., 2010). Tumor larger than 4 cm, agedy&ars or older (at the time of initial

surgery) and extrathyroid extension were indépat prognostic factors for CSS of
M1 PTC patients.

2.10.1.3. Prognostic factors predominantly based dntraoperative findings

1. Extrathyroid Extension.

Extrathyroid extension has been adopted in var@assification systems (Cady et al.,
1988; Hay et al., 1993). In the UICC TNM classifioatsystem, there are two grades of
extrathyroid extension (Sobin et al.,, 2002). Exiemsto perithyroid tissue and
sternothyroid muscle was graded as T3 (minimal restéam), and extension to other
adjacent organs such as the recurrent laryngeaé nesophagus, trachea, sternohyoid
muscle, and jugular vein was graded as Whs6ive or significant extension).
However, this classification has some limitationshisT classification system is
established for preoperative evaluation. Howevér is significantly dificult to
accurately evaluate extrathyroid extension basedp@operative evaluation unless
recurrent laryngeal nerve paralysis due to carcaamasion and apparent intratracheal
extension on CT scan or MRI can be detected. Mxsathyroid extensions are found
on Intraoperative findings there is study showed tha significance of extrathyroid
extension is not uniform but rather size-dependdPtognostic significance of
extrathyroid extension was less than clinical Eterode metastasis (N1b) for PTC
measuring 3 cm or less, it was reversed in PTCetatigan 3 cm (Fukushima et al.,
2010). In the Intraoperative staging system thadysestablished by revising the UICC
TNM staging system, extrathyroid extension of tuhasger than 2 cm was regarded as
a sign of high risk and that of a tumor 2 cm or Benavas a sign of intermediate risk
(Ito et al., 2010). Result of this study was etkiyeoid extension should be evaluated
on Intraoperative findings and that minimal esien to perithyroid tissue and the
sternothyroid muscle should not be considered fogmt. Significant extension on
Intraoperative evaluation is an important fagtoedicting a worse prognosis for
patients with PTC, especially those with a largadu (Ito& Miyauchi, 2012).
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2. Extranodal Tumor Extension.

Prognostic significance of Extranodal tumor egiem has been investigated by
several groups (Spires et al., 1989; Yamashital.e1997; Asanuma et al., 2001, Ito
et al., 2007; Ito et al., 2009; Ito et al., 2019amashita et al. showed that patients
with pathological Extranodal tumor extension wenere likely to show distant
recurrence (Yamashita et al., 1997). Others s&o& (Miyauchi), extranodal tumor
extension requiring resection of adjacent orgamsveld a worse prognosis, especially
for CSS as indicated above (Ito et al., 2007; kale 2009; Ito et al., 2010). It is
strongly suggested that PTC with Extranodal tunxéeresion is high risk and has a high
potential to show a dire prognosis (Ito& Miyauckd12).

2.10.1.4. Prognostic Factors Based on Postoperativendings

1. Pathological Lymph-Node Metastasis. PTC fretjyenetastasizes to the regional
lymph nodes (Macdonald et al., 1957; Noguchi et #87; Ahuja et al., 1991).
clinical lymph-node metastasis detected on predperanaging studies is a significant
prognostic factor, and especially, large metastatode has a very strong prognostic
impact on both DFS and CSS of PTC patients. Pagicdband latent node metastases
increase the rate of carcinoma recurrence to sottentebut do not ffiect CSS of
patients (Ito et al., 2004; Ito et al., 2009). émclusion, lymph-node metastasis that can
be diagnosed only on pathological examination ism@lerate factor only for PTC

recurrence (Ito& Miyauchi, 2012).

2. Histological Variants. Many histological iemats of PTC have been adopted in
the WHO classification (Sobrinho-Simoes et alQ40Follicular variant was the most
common variant, which accounted for 7%. Folliculariant was reported to show
aggressive behavior (Chang et al., 2006; Liu et28l06; Hagag et al., 2006). Tall cell
variant is a typical variant showing an aggressigbavior (Johnson et al., 1988; Egea
et al., 1993; Michels et al., 2007). Interestinglye incidence of clinicopathological
features reflecting poor prognosis such as gendlercat lymph-node metastasis, and
extrathyroid extension did notfter between tall cell variant and others although th
average age of patients with tall cell variant vgsightly higher than that of other
patients. However, this histology independenffgeted DFS and CSS of PTC patients

on multivariate analysis (Ito et al., 2008). Oogtic variant accounted for 2% of PTC
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and most of them were diagnosed as having Wartkentlmor showing abundant
chronic inflammatory cells that are associated witfonic thyroiditis. Previous studies
showed that this variant generally had a mild ottera(Baloch et al., 2000; Urano et
al., 2001; Ludv'ikov'a et al., 2001). There areneamore important variants of which
prevalence is lower than those indicated abd®@olumnar cell variant is classified
as an independent entity as columnar cell camea@Sobrinho-Simoes et al., 2004).
This carcinoma accounted only for 0.4%, but ashlmas 60% of patients showed
carcinoma recurrence, indicating that this histmalgtype is a sign of significantly
aggressive behavior (Ito et al., 2008). Regardiegliiological behavior and prognosis
of the dffuse sclerosing variant, previous studies showextapant findings (Chow et
al., 2003; Lam et al., 2006; Falvo et al., 20@G)other study said the ffluse sclerosing
variant frequently showed multiple clinical node testases and was more likely to
show PTC recurrence, but the CSS of patients didlifier from that of conventional
PTC (Fukushima et al.,, 2009). Macrofollicular vatiacould be diagnosed as
multinodular goiter in the past in high inciden¢@¢bores-Saavedra et al., 1991;Lugli
et al., 2004). Cribriform morular variant is mostyhereditary disease caused by the
APC gene mutations associated with colonic polyposicolon carcinoma (Dalal et al.,
2006). This variant is multicentric and total thigectomy is mandatory regardless of
carcinoma size and lymph-node status, but the msignof patients is generally
excellent (Tomoda et al., 2004). Although not addpin the WHO classification,
encapsulated PTC generally shows a better progtiwaisconventional PTC. This type
is encapsulated and there is no extrathyroid sxten which may be the reason for
excellent prognosis. The incidence of lymph-nodéastasis is also lower than that in
conventional PTC (Ito et al., 2008; Baloch et 2010).

3. Involvement of PDC Components, three critédoia PDC have been proposed.
There are three growth patterns of PDC, solid ecatar, and insular growth patterns,
which are designated as PDC components. In @aodeiagnose PDC using the WHO
classification, PDC components should occupy in thegority of the tumor
(Sobrinho-Simoes et al., 2004). However, in ®&TS criteria (The Japanese Society
of Thyroid Surgery, 2005), carcinoma with only aadinportion of PDC components is
diagnosed as PDC and discriminated from PTC or RmGhe criteria for PDC in the
Turin proposal (Volante et al., 2007), the absewsicauclear features of PTC and the
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presence of convoluted nuclei, mitotic activityX3L0 HPF), or tumor necrosis were
adopted in addition to the presence of a PDC compion

2.10.2 Biological prognostic markers

2.10.2.1. Oncogenes and tumor suppressor genes

The primary characteristics of tumor suppresgenes are that they encode normal
cellular products involved in growth control, anditl alleles must be inactivated for
loss of function (i.e loss of tumor suppression)otur. The most well known are
retinoblastoma (Rb) protein, p53, p27, p21, an®. he two best characterized are
the Rb and p53 genes. Both are thought to beviedan growth control through the

regulation of transcription.

1.Retinoblastoma gene (Rb)

The Rb gene is located on chromosome 13g14 angsfartttional in a number of types
of cancer. Its normal function is to prevent thelication of damaged DNA, it does so
by preventing cell replication by binding and inhity the transcription factor E2F
(Chatterjee et al., 2004; Korenjak & Brehm, 200pRb is activated when it is
dephosphorylated and inactivated when it is sphorylated. Alterations in this
gene have been described in many human tummduding retinoblastoma,
osteosarcoma, other sarcomas, leukemias, lymphoraad, certain carcinomas,
including breast, lung, prostate, bladder, kidreyd testicular carcinoma (Reissmann
et al., 1989; Cordon-Cardo et al., 1992; Haweslet2800). Gene alterations are
associated with advanced tumor grade and stagevamiety of tumors (Cordon-Cardo
et al., 1992; Chatterjee et al., 2004). Alteragiom the Rb gene correlate with loss of
expression of pRb as determined by IHC (Xu H-J akt 1991). Assessment of Rb
gene loss by IHC is based on the loss ofediable nuclear staining for pRb.
There is growing evidence that gene alteratioayg mentify tumors that have a higher
risk of developing metastases (Cote et al., 1998s of heterozygosity, mutations, or
deletions of the Rb gene usually result in the lispRb expression, which has been

regarded as an indicator of loss of pRb fumctim human tumors. Ito Y et al.
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examined the expression of cell proliferating meskeKi-67, cyclin D1, p27, and
retinoblastoma gene product (pRb) in papillary wearcinomas. Cases of clinically
apparent metastasis showed increased cyclin DEssipn together with decreased p27
expression and higher levels of pRb and Ki-67 esgio®. These findings suggest that
cases of clinically apparent metastasis show sagmfly higher growth based on cell
proliferating activity, apoptosis, and expressidnneetastatic suppressor than those

demonstrating no or occult metastases (Ito Y ¢2a0D5).

2.P53

P53also Known protein 53 or tumor protein 53) is a tumor suppresser protein that in
human is encoded by tA#53 gene (Matlashewskig etal., 1984; Mcbride et #86L;
Kem et al., 1991) P53 is crucial in multicellulaiganisms, where it regulates the cell
cycle and thus functions as a tumor suppressoighatolved in preventing cancer .As
such, P53 has been describedths guardian of the genome" because of its role in
conserving stability by preventing genome mutati®ead and Strachan, 1999) The
name P53 is in reference to its apparent moleculass. It runs as a 53 —
kilodalton(KD ,) protein onSDS — PAGE.but ,based on calculation from its amino acid
residues ,P53 mass is actually oaB7 KD, ,this difference is due to the high number
of proline residues in the protein ,which slow ntsgration onSDS — PAGE, thus

making it appear heavier than it actually is (Ziemieal., 1982).
Nomenclature

P53is also known as: cellular tumor antigen P53gtitiname), antigen NY — Co —13,
Phospho protein P53, trans formation — relatedeprdd3(TR p53), Tumor suppressor
P53.

Gene

The P53 gene is located on chromosome 17 P13.1it,anthe most common target for
genetic alteration in human tumors (Robbins & aot007) a little over 50% of human
tumors contain mutation in this gene. While inaa&ting mutations of the P53 gene is
found in 10% of thyroid carcinomas and mainly irogy differentiated and aggressive
histotypes (Olivier et al., 2002). Homozygous lo$P53 gene activity can occur in

virtually every type of cancer, including carcinemaf the lung, colon, and breast. In
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most cases, the inactivating mutations affect B3 alleles(Robbins and cotran,
2007).

Structure

the P53 protein is ®NA — binding protein localized to the nucleus, it383
aminoacids long and has seven domains, an adidierminus transcription — activation
domain(TAD), also Known as activation domaifAD1), which activates transcription
factors(venot etal ,1998), activation domaifAR2) important for apoptotic activity,
proline rich domain important for the apoptotic iaty, central DNA binding core
domair(DBD), nuclear localization signaling domain, homo — afigisation domain
(OD) — is essential for the activity of P53 in vivG, — terminal involved in down

regulation oDNA binding of the central domain.

Mutations that de activate P53 in cancer usuallgupdn the DBD, most of these
mutations destroy the ability of the protein to dito its targetODNA sequences, and
thus prevents transcriptional activation of thesagg. As such ,mutations in tB&D
are recessive loss — of function mutations .mokxcoff P53 with mutations in th@D
dimerise with wild — type P53 and prevent them fraativating transcription. There
fore OD mutation have a dominant negative effect the function of P53.
Approximately 80% of the P53 point mutation presenhuman cancers are located in

theDNA — binding domain of the protein.
Function

The fact that P53 mutation are common in a wvanéhuman tumors suggests that the
P53 protein functions as a critical gate keepemagighe formation of cancer Indeed, it
is evident that P53acts as'molecular policeman” that prevents the propagation of
genetically damaged cells.The major functionalvétatis of the p53 protein are cell-
cycle arrest and initiation of apoptosis in resgotts DNA damage. P53 is called in to
apply emergency brakes when DNA is damaged byiatiad, UV light, or mutagenic
chemicals and chemicals and also in response togelain cellular redox potential
,hypoxia, senescence ,and other stress conditi@isrtay not directly damage DNA (
Liu and Gellmann, 2002). Following DNA damage, thés a rapid increase in P53

levels .At the same time, kinase such as DNA — wléget protein kinase and ATM
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(ataxia — telangectasia mutated) are activatedegpanse to DNA damage. These
enzymes phosphorylated P53, and the protein thsidsnis able to bind to DNA, and
becomes an active transcription factor. P53 stitealranscription of several genes that
mediate cell-cycle arrest and apoptosis.P53 indae#id- cycle arrest occurs late in the
G1 phase and is caused by the P53 — dependentripgiosm of the CDK inhibitor P21.
Such a pause in cell cycling is welcome becauakoivs the cells enough time to repair
the DNA damage inflicted by the mutagenic agenB BISo helps in the repair process
directly by inducing the transcription of GARP(growth arrest and DNA damage)
which encodes a protein involved in DNA repair.thiie DNA damage is repaired
successfully, quite ingeniously. P53 activates MDMhose product binds to and
degrades P53, thus relieving the cell cycle blockduring the pause in cell division the
DNA damage can not be successfully repaired noa&, perhaps as a last — ditch
effort ,sends the cell to the graveyard by indudimg activation of apoptosis inducing
genes, such as BAX. BAX binds to and antagonizesaftoptosis — inhibiting protein
BCL-2, thus BAX promotes cell death.

In view of these activities ,P53 has been righlyfehlled a "guardian of the genome”
with homozygous loss of P53, DNA damage goes waireg, mutations become fixed
in dividing cells, and the cell turns onto a oneway street leading to malignant
transformation. The ability of P53 to control apagis in response to DNA damage has
important practical therapeutic implications. Radin and chemotherapy, the two
common modalities of cancer treatment, mediate gféects by inducing DNA damage
and subsequent apoptosis. tumors that retain ndP&ilare more likely to respond to
such therapy than tumors that carry mutant allefethe gene. such is the case with
testicular teratocarcinomafChresta et al., 1996) and childhood a cute lym{dsbic
leukemia’'s. By contrast, tumors such as lung canaed colorectal cancers, which
frequently carry P53 mutations, are relatively s&sit to chemotherapy and
radiotherapy, also there are several reports itelittzat wild-type P53 gene delivery
into anaplastic thyroid cancer cells induces aiglagifferention,with the re-expression
of thyroid specific-genes, and makes cells morenemnzlble to the effect of
chemotherapy (Fagin et al., 1996; Moretti et 897, Blagosklonny et al., 1998). This
effect may be increased by the concomitant usestdire deacetylase inhibitors, which
stimulate P53 acetylation and functional activatidmanishi et al., 2002). Various
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therapeutic strategies aimed at increasing norfaldetivity in tumor cells defective
P53 function are being investigated. One type oétsyy relies mostly on tr
modulation of MDM activity ;second uses modified adenoviruses thed yancer cell
that lack P53 function (Robirand cotran, 2007).

Figure2.14 p53 pathway: In a normal cell p53 is inactivateditsynegative regulator, mdm
Upon DNA damage or other stres, various pathways will lead to the dissociatibthe p53
and mdm2 complex. Once activated, p53 will induceek cycle arrest to allow either rep
and survival of the cell or apoptosis to discaeldmaged ce
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cell cycle

The cell cycle, is the series of events that tdkeegin a cell leading to its division and
duplication (replication). In cells without a nueke (prokaryotic), the cell cycle occurs
via a process termed binary fission. In cells vathucleus (eukaryotes), the cell cycle
can be divided in two periods: interphase—duringcWhhe cell grows, accumulating
nutrients needed for mitosis and duplicating its ANand the mitotic (M) phase,
during which the cell splits itself into two distincells, often called "daughter cells"
and the final phase, cytokinesis, where the newisetompletely divided. The cell-
division cycle is a vital process by which a singédled fertilized egg develops into a
mature organism, as well as the process by whiah sldn, blood cells, and some
internal organs are renewed. The cell cycle camsikfour distinct phases:;(phase, S
phase (synthesis),.hase (collectively known as interphase) and Msphanitosis).

M phase is itself composed of two tightly coupledgesses: mitosis, in which the cell's
chromosomes are divided between the two sistes,cafld cytokinesis, in which the
cell's cytoplasm divides in half forming distincells. Activation of each phase is
dependent on the proper progression and completiche previous one. Cells that
have temporarily or reversibly stopped dividing a@ed to have entered a state of

quiescence calleddphase (Cooper, 2000).
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Go phase

The term "post-mitotic” is sometimes used to rébdpoth quiescent and senescent cells.
Nonproliferative cells generally enter the quiesc@n state from @ and may remain
quiescent for long periods of time, possibly indeély (as is often the case for
neurons). This is very common for cells that atly fdifferentiated. Cellular senescence
occurs in response to DNA damage or degradationwbald make a cell's progeny
nonviable; it is often a biochemical reaction; digh of such a cell could, for example,

become cancerous.
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Interphase

Before a cell can enter cell division, it needsatice in nutrients. All of the preparations
are done during the interphase. Interphase prodadtisee stages, (GS, and G Cell

division operates in a cycle. Therefore, interphasgreceded by the previous cycle of
mitosis and cytokinesis. In this stage nucleus @idsol division does not occur. The

cell prepares for division.

G; phase

The first phase within interphase, from the endthe# previous M phase until the
beginning of DNA synthesis is called, G5 indicatinggap). It is also called the growth
phase. During this phase the biosynthetic actwited the cell, which had been
considerably slowed down during M phase, resunghagjh rate. This phase is marked
by the use of 20 amino acids to form millions obteins and later on enzymes that are
required in S phase, mainly those needed for DNpAaation. Duration of Gis highly
variable, even among different cells of the samecigs. It is under the control of the

p53 gene.

S phase

The ensuring S phase starts when DNA replicationreences; when it is complete, all
of the chromosomes have been replicated, i.e eacbmosome has two (sister)
chromatids. Thus, during this phase, the amounDMA in the cell has effectively

doubled, though the ploidy of the cell remainsghme (King and Roger, 2006).

G, phase

During the gap between DNA synthesis and mitobis,cell will continue to grow. The
G2 checkpoint control mechanism ensures that eviexytis ready to enter the M

(mitosis) phase and divides.

Mitosis (M phase, mitotic phase)

Mitosis is the process by which a eukaryotic ceparates the chromosomes in its cell

nucleus into two identical sets in two nuclei (Roftein et al., 2008). It is generally
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followed immediately by cytokinesis, which dividése nuclei, cytoplasm, organelles
and cell membrane into two cells containing rougbfual shares of these cellular
components. Mitosis and cytokinesis together defimeemitotic (M) phase of the cell
cycle . The process of mitosis is complex and lyigklgulated. Errors in mitosis can

either kill a cell through apoptosis or cause matet that may lead to cancer.

Regulation of the cell cycle involves processegiatuo the survival of a cell, including
the detection and repair of genetic damage asasdhhe prevention of uncontrolled cell
division. Two key classes of regulatory molecutsglins and cyclin-dependent kinases
(CDKs), cyclins bind and activate members of thelinydependent kinase (Cdk)
family to effect cell cycle progression. Cell cygeogression is controlled by the
relative levels of individual cyclin family membeBrogression through the G1-S-G2-
M cycle follows successive oscillations in the levef cyclins, D, E, A and B. Cyclins
are grouped into classes that relate to the phiatbe @ell cycle they regulate. Cyclin D
family members are G1 phase cyclins that regulaeentry of cells into G1 from Go.
Cyclin D is upregulated by growth factor and ex&rsignals through the Ras GTPase
signaling pathway. Cyclin D couples with Cdk4 andk&. The cyclin-D-dependent
kinases enforce commitment to enter S-phase. Cy@h@dk4 hypophosphorylates
retinoblastoma protein (pRB) and facilitates th@ression of cyclin E. Cyclin E and
Cyclin A are able to bind Cdk2 and promote the cgtile progression through G1/S
transition. Cyclin E-Cdk2 and Cyclin A-Cdk2 hypegsiphorylate and inactivate pRb.
The inactivation of pRb leads to activation of EfBnscription factors. Cyclin E
stimulates replication complex assembly througreraxttion with Cdc6. Cyclin A
activates DNA synthesis by the replication comp#peady assembled and inhibits
assembly of new replication complex. Cyclin E reates the replication complex that
is blocked by cyclin A. Cyclins B1 and B2 are M-phacyclins. Cyclin B1 and cyclin
B2 and their catalytic partner, Cdkl (cdc2, p34ake), are components of the M
phase/maturation promoting (MPF) factor that refpsagrocesses that lead to assembly
of the mitotic spindle and sister-chromatid paig@ment on the spindle (Leone et al.,
1998; Mateyak et al., 1999; Coverley et al., 2002enan et al., 2004).

Two families of genes, the cip/kip family (CDK @macting protein/Kinase inhibitory

protein) and the INK4a/ARF (Inhibitor of Kinase 4férnative Reading Frame) prevent
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the progression of the cell cycle. Because thesegyare instrumental in prevention of

tumor formation, they are known as tumor suppressor

The cip/kip family includes the genes p21, p27 @dd. They halt cell cycle in G
phase, by binding to, and inactivating, cyclin-Cb&mplexes. p21 is activated by p53
(which, in turn, is triggered by DNA damage e.geda radiation). p27 is activated by
Transforming Growth Factor @f (TGF ), a growth inhibitor.

The INK4a/ARF family includes p16INK4a, which bintts CDK4 and arrests the cell
cycle in G phase, and p19ARF which prevents p53 degrad&®ipmthetic inhibitors of
Cdc25 could also be useful for the arrest of cgtlle and therefore be useful as

antineoplastic and anticancer agents.

Cell cycle checkpoints are used by the cell to toorand regulate the progress of the
cell cycle (Stephen, 1996) Checkpoints prevent@glle progression at specific points,
allowing verification of necessary phase processesrepair of DNA damage. The cell
cannot proceed to the next phase until checkpenuirements have been met. Several
checkpoints are designed to ensure that damagedamplete DNA is not passed on to
daughter cells. Two main checkpoints exist: thgSGcheckpoint and the AB/A
checkpoint. G/S transition is a rate-limiting step in the cejtle and is also known as
restriction point.An alternative model of the cejicle response to DNA damage has
also been proposed, known as the postreplicatieckgoint. p53 plays an important
role in triggering the control mechanisms at bot'SGand G/M checkpoints (Robbins
and Cotran, 2007).

Role of p53 in Cancer
P53 in prostate cancer

Mutant p53 expression is a late event ogalized prostate cancer (Hall et al.,
1995; Mottaz et al., 1997), usually present in biggrade cancer(Fan et al., 1994) and
elevated in untreated metastatic cancer (Heidgnéeal., 1995; Moul et al., 1996),

hormone refractory cancer (Hall et al., 1995iddeberg et al., 1995), and recurrent
cancer (Moul et al., 1996). Inactivation of p%3 associated with late progression

of prostate cancer and may be a markeruofival in stage T2-3N1-3MO (Qian
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et al., 2002). Protein expression of p53, Kj-&nd bcl2 were evaluated in archival
paraffin-embedded radical prostatectomy specimieos 162 patients of clinically
localized cancer by Moul et al. to determine ¢heical use of p53, Ki-67, and bcl2
immunohistochemical protein expression in the pryrtamor as combined predictors
of disease progression. The study concluded th&tKB67, and bcl2 have potential as
biomarkers to predict recurrence in patients wathnically localized prostate cancer
after radical prostatectomy. All three markerseveearly correlated with recurrence
estimates at 6 years (Moul et al., 1996). The samnelusion was obtained by (Bauer et
al., 1996).

P53 in lung cancer

The prognostic value of p53 status in non-small loelg cancer has been investigated
in 148 patients with clinical stage I-11IB diseastatients with mutations in p53 had a
significantly higher risk for lung cancer-relateéath and for death from all causes than
those with wild-type p53.

These results indicate that mutations in defineactaral and functional domains of p53
may be useful molecular biological markers for progjs and treatment strategy in non-

small cell lung cancer patients (Skaug et al. 0200

P53 in colon cancer

There is no doubt about the role of p53 mutationshe progression of colorectal
tumours. Claudia Valentina et al. investigate ékpression of PCNA, Ki-67 and p53
antibodies in colorectal carcinomas(CRC) and taldsth the relationship between
these markers and some particular histologiedings of colorectal carcinomas, they
concluded that the p53 overexpression was assocwith the histological grade of
the colorectal adenocarcinomas and with the normescarcinomas and tended to be
more frequent in the colorectal carcinomas withigh tproliferative activity (Claudia
Valentina et al., 2007). P53 are more frequentdwvaaced CRC and are associated with
worse prognosis in this stage of disease (lacopettal., 2006), it is believed that P53
mutations play a role in the adenoma-carcinoma sitian of tumors during

pathological process (LOpez et al., 2012).
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Several studies reported an elevated expressipf3in tumors. In breast tumors, 24 of
30 cases showed an increased expression of p53pwubr undetectable levels in
normal breast tissue (Bourdon et al., 2005). Amgase of p5@ mMRNA was also found

in renal cell carcinoma (Song et al., 2009).

P53 in Thyroid cancer

Among thyroid tumors, p53 mutations are generafigtricted to PDTC and ATC

(Donghi et al., 1993; Segev et al., 2003). Pointations of p53 occur in approximately
60% of ATC and in 25% of PDTC (Dobashi et al., 1,99dgev et al., 2003). Moreover,
in tumors with both well-differentiated and anaplasomponents, p53 mutations were
present only in the anaplastic component (Ito gt1#893; Matias-Guiu et al., 1996;
Takeuchi et al.,, 1999). These findings are coeststith the hypothesis that p53
inactivation likely serves as a second hit, trigggrtumor dedifferentiation and

progression to PDTC and ATC.

p53 expression has been found to be significaiependent prognostic factors for
thyroid cancer (Hay et al., 2002; Mallick, 2018Jso recent study indicate that p53
expression is predictor of prognosis in PTQJ #dreir use as diagnostic tools in the
clinical setting is therefore warranted (Lee YM dre JB, 2013).

Naomi Morita et al. examined the immunohistochem@daression of P53 protein in
PTC to investigate the relations between its exgpoesand the clinicopathological
features. Overexpression of P53 protein in the @rymumor was observed in 43% of
cases. Statistical analysis revealed significantretation between P53 protein
expression in the primary tumor and large tumoe,sihe presence of lymph node
metastasis, and the mean number of lymph node taséss The results of this study
suggest that Immunohistochemistry for P53 in thena@ry tumor could be useful in the
clinical evaluation of patients with PTC. Moreovét53 protein overexpression in
lymph node metastasis may be useful as a treatquedé or target for lymph node

recurrences (Naomi Morita et al., 2008).

The relationship between exposure to radiatiamd p53 mutation is less clear.
Studies performed in the Belarus population after €hernobyl accident did not prove

a definitive correlation between radiation exposand p53 mutations in thyroid cancer
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(Nikiforov et al., 1996; Smida et al., 1997; Suatyal., 1998; Pisarchik et al., 2000).
Some evidences suggest that p53 mutations in thycancer may be favored by the
genomic instability occurring during the tumprogression process (Shahedian et al.,
2001). Other studies on p53 protein expression iarge series of thyroid tumor
specimens suggest that, although not mutatedap®dty may be inhibited in thyroid
cancer by other mechanisms. Indeed, incregdsl protein levels were observed
by Immunohistochemistry not only in anaplastind poorly differentiated thyroid
cancer, where p53 mutations are frequent, botialsell-differentiated cancers, in the
absence of any p53 mutation (Soares et al., 1%%llina et al., 1996; Park et al.,
1998). Nonfunctioning p53 can not induce Mdmz2,nitajor degrading protein, and
consequently accumulates in the cell nuclefisstrong p53 staining in paraffin
embedded specimens, therefore, is considered adixedence of nonfunctioning p53.
Nuclear accumulation of wild-type p53 proteindareduced p53 tumor suppressor
function in some differentiated thyroid canceis also suggested by the
observation of a correlation between elevated m®3ein content and poor clinical
outcome (Dobashi et al., 1993; Gerasimov et aB518lishida et al., 1996; Ruter et al.,
1996; Hosal et al., 1997; Godballe et al., 1998erClet al., 1999). Wild-type p53
inactivation is also suggested by invitro studiesthyroid cancer cells: H-RAS-
transformed rat thyrocytes display wild-type p5®&tpm accumulation (Burns et al.,
1992) and isolated rat thyroid cancer cells inuwreltdisplay both wild-type p53 over
expression and a defect in G1 arrest in respon8i\id damage (Wyllie et al., 1995).
Several independent mechanisms may be hypotlles@esexplain the wild-type p53
inactivation in thyroid carcinomas, includingp3 cytoplasmic retention (Zedenius
et al.,, 1996) and Mdm2 over expression (Jemiey al., 1995; Zou et al., 1995).
Indeed, in a large series of differentiated thyrasdncer specimens, IHC indicated
that Mdm2 is over expressed and its esgpo@ level directly correlates with a
poor clinical outcome (Jennings et al., 1995; Zbalg 1995; Czyz et al., 2001; Horie et
al., 2001).
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Figure 2.16.P53 mutation prevalence(%) in tumors from differésgue (Malaguarnera R ¢
al., 2007)

Other members in p53 family: p63 and Two novel genes, named p63 and p73, t
been discovered as members of the p53 tsoppressor family bause of their
remarkable similarity with p53 structure arfdnctional domair(Lohrum &

Vousden, 2000). Structural homology betweensdhéhree proteins suggests t
they also share similar tumor suppressorctions. Like p53,p63 and p73 als
contain three major domains: the TAD, the DBDd dime (OD) (Moll et al., 2001
TAp63 and TAp73, containing the TA domain, B®8pand TAp73 are very rare
mutated in cancer cells and often over expakssThese olervations are ir
concert with a possible role of these pnstein tumor genesis (lkawa et a
1999;Yang et al., 2000; Moll, 2003; Flores at, 2005). A possible role of p63

the malignant transformation of thyroid folliculaells is supported by two lines

evidence: (1) p63 is involved in epitheliell differentiation (Yang et al., 199
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Reis-Filho et al., 2003; Reis-Filho & Schmitt, 200and (2) a number of human
epithelial malignancies express a high levels & @®forms (Hibi et al., 2000; Marin
& Kaelin , 2000; Moll et al., 2001; Massion et &003; Moll & Slade, 2004). About
P73, p73 expression is a marker of thyroid celligmant transformation, and the
interactions of the various p73 isoforms within thelecular network of p53 family
members are complex and await additional investiggMalaguarnera et al., 2007).

All p53 family members are inhibited by HMGA1 upgrdation in thyroid cancer cells
The high mobility group A factors (HMGA1AMGAlb, and HMGA?2) are
non-histone proteins, with several differenndtions, including gene transcription,
malignant transformation, promotion, and metastaprogression (Reeves, 2001;
Sgarra et al., 2004).

In thyroid cancer cells, all the three p3%&mily members are present with an
expression pattern that is complex and differerdifferent tumors (Ruter et al., 1996;
Frasca et al., 2003; Vella et al., 2003; Malagwxa et al., 2005). In general, the
tumor suppressor activity of these proteinskept latent by several mechanisms,
including interaction with p53 mutants, dominanégative isoforms over expression,
and impaired activation mechanisms. Since HMGA @ression is very common
in thyroid cancer, the possibility of an inendnce of HMGA proteins on p53
family oncosuppressor function was investigatéd several thyroid cancer cells
of different histotypes, HMGA1 gene silencimgdicated that HMGAL protein has
an inhibitory effect on both ectopic and endogenp88 family member activity.
HMGA1 overexpression is another mechanism by ciwhip53 family member
function is kept latent in thyroid cancer cells @ahdt HMGAL1 directly interacts with
the oligomerisation domain of p53 family trengtion factors, there by preventing
proper oligomerisation, DNA binding, and, as a empugnce, transcriptional and tumor
suppressor activity (Frasca et al., 2006). SilldGAL1l over - expression is very
common in thyroid cancer and occurs alsowell-differentiated histotypes, it is
reasonable to suppose that the p53-bluntedtiin due to over expressed HMGAL
is also a very common mechanism and may explairptisgive. correlation between
HMGA1 expression and poor prognosis in sonigroid carcinomas. These

observations also suggest that p53 networkctivetion may be an important
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prerequisite for oncogene-driven thyroid cancesgpession (Malaguarnera et al.,
2007).

3-P21

p21 / WAF1 also known as cyclin-dependent kinagebitor 1 or CDK-interacting
protein 1 is a protein that in humans is encodedhsy CDKN1A gene located on
chromosome 6 (6p21.2). p21 is a potent cyclin-ddpet kinase inhibitor (CKI)(el-
Deiry et al., 1993). The p21 (CIP1/WAF1) proteimdis to and inhibits the activity of
cyclin-CDK2 or -CDK1 complexes, and thus functioas a regulator of cell cycle
progression at G The expression of this gene is tightly controlleg the tumor
suppressor protein p53, through which this proteiediates the p53-dependent cell
cycle G phase arrest in response to a variety of stressis{Dolezalova et al., 2012).
The expression of p21 is controlled by the tumg@mpsessor protein p53. Sometimes, it
is expressed without being induced by p53. Thigl lohinduction plays a big role in
p53 independent differentiation which is promotgdoB1. Expression of p21 is mainly
dependent on two factors 1) stimulus provided petgf the cell. Growth arrest by p21
can promote cellular differentiation. p21 therefprevents cell proliferation. The p21
protein also is important in the stress respong4. ip a transcriptional target of the
tumor suppressor gene, p53; despite this, losswaftion mutations in p21 (unlike p53)
do not accumulate in cancer nor do they predisptisecancer incidence (
Rodriguez&Meuth, 2006). On other hand, p21 maylitaté tumor invasion through
p2l-activated kinase-1(PAK1). p2l-activated kinag€AKs) are a family of
serine/threonine kinases that regulate cytosketgtahmics and cell motility. PAKs are
subdivided into group | (PAKs 1-3) and group Il (RA4-6) on the basis of structural
and functional characteristics. Based on prior gerpression data that predicted
enhanced PAK signaling in the invasive fronts ofjragsive papillary thyroid cancers
(PTCs). McCarty SK et al. examined PAK isoform megsion in human thyroid
cancer ,result was PAK isoforms are expressed mamuthyroid tissues and PAK1
regulates thyroid cancer cell motility, and PAKIdgsPAK levels are increased in PTC
invasive fronts. These data implicate PAKs as r@gu$ of thyroid cancer invasion (
McCarty et al., 2010).
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4.p27

The p27 inhibitor is involved in the regulationtbe cell cycle at the G 1 -S transition,
ultimately through the inhibition of pRb phospylation (Cordon-Cardo, 1995).

Mutations in the human p27 gene appear todve (Ferrando et al., 1996). Loss of
p27 expression is associated with colon, bre@sostate, and gastric cancer
progression (Loda et al., 1997; Porter et al971%ote et al., 1998; So et al., 2000).
Erickson et al. studied expression of p27 toimystishes papillary hyperplasia in

Graves' disease from PTC and result of study w@pp&ein expression is significantly
higher in papillary hyperplasia of Graves' diseaeepared to papillary carcinoma,

which may be diagnostically useful in difficult ess(Erickson et al., 2000).

2.10.2.2.Marker of cell proliferation
1-ki-67

Antigen Ki- 67 also known as Ki -67 or MKi67 is aopein that in human is encoded by
the MKi 67 gene (antigen identified by monoclonatilaody Ki- 67) (Schonk et al.,
1989).

The Ki-67 gene is on the long arm of human chromasd0(10 q 25) (Fonatsch et al.,
1991). Ki-67 was identified by Gerdes et al. asualear non histone protein ,shortly
after the corresponding antibody was describechbysame group (Gerdes et al., 1983)
in city of Kiel (hence "ki") after immunization ahice with the Hodgkin's lymphoma
cell line L428 (67 refers to the clone number oa &6 — well plate in which it was
found). The absence of ki-67 in quiescent cells #@sduniversal expression in
proliferating tissues created great interest onpi$ential role as a marker of cell
proliferation (Van Dierendonck et al., 1989). Ki-protein is present during all active
phases of the cell cycle (G1, S, G2, and mitosig)id absent from resting cells(G0).
The cellular appearance and location of the ki-6tgdn throughout the cell cycle is not
homogenous. During early G1, it is found as gehemnakakly staining discrete foci
throughout karyoplasms (Kill, 1996). it progressyveondense during late G1 in larger
perinucleolar granules. During S and G2 phasas,ntainly found associated with the
nucleolar region in larger foci as well as with sohreterochromatin regions. when the

nuclear membrane disrupts during early mitosisgkishows an intense expression
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associated with the surface of condensed chromasantée cytoplasm .This intensity
rapidly disappears in anaphase — telophase (Braah,€l988; Starborg et al., 1996).
The original ki-67 monoclonal antibody, when used immunostaing was initially
reported to stain proliferating cells in unfixedsties but not formalin — fixed paraffin
embedded samples in 1992 ,cattoretti et al. reddvetter success in staining ki-67 in
paraffin — embedded samples after developmenteohéw antibodies MIB -1and MIB-
3. These antibodies seem to produce results eguivéd the original ki-67 antibody
targeting the same epitope (contained in the kiv®fif), as demonstrated by identical
bands in western immunoblots (key et al., 1993ain8tg by MIB — 1 and-3 of
formalin—fixed paraffin—embedded samples is greatiyhanced by antigen retrieval
(most frequently by microwave heating). A thoughvesal antibodies are now
commercially available to stain ki-67 in fresh apdraffin-embedded tissue, ki-67
expression is usually estimated as the percentiaigenor cells positively stained by the
antibody, with nuclear staining being the most cannariterion of positivity, brown
granular nuclear reactivity was positive (Shi let2091). The function of ki-67 antigen
is associated with and may be necessary for celpdaliferation further more it is
associated with ribosomal RNA transcription (Bulhtser et al., 2006). Inactivation of
antigen Ki-67 lead to inhibition of ribosomal RNAmghesis (Rahman zadeh, 2007).

Role of Ki-67 in cancer

The prognostic value of Ki-67 in different maligntédes has been reviewed (Brown
and Gatter, 2002). Over expression of Ki-67 is destfly seen in a variety of
malignant tissues and is associated with worseivalref individuals with bladder
(kilicli-camur et al., 2002) brain (Tohannessenale 2006) breast (Stuart — Harris
et al., 2008 ; Viale et al., 2008) kidney (knkuet al., 2006) lung (Shib et al. ,
2000) ovary (Munstedt et al., 2004) prostate (R&llaet al.,, 2004), or thyroid
(Tisell et al., 2004) cancer. In addition, ki-65activity is included among other
parameters in the World Health Organization's renemded grading system for
neuroendcrine tumors of the pancreas and gaststimaé tract (Kloppel et al.,
2004) Ki-67 over expression is associated with easrvival of individuals with

neuroendcrine tumor (Kloppel et al., 2004 ; Janealal., 2008).
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Ki-67 in breast cancer

The proliferation biomarker Ki-67 is considét® be a prognostic factor for breast
cancer has been investigated in several studieat{coechea et al., 2005; Yerushalmi
et al., 2010). The association between a highKladelling index, poor differentiation

of tumors and large tumor size in breast camia were demonstrated in many
studies (Railo et al., 1993; Yerushalmi et al., @0arious studies have shown
correlations between Ki-67 and overall surviemd disease-free survival, with an
increased risk of recurrence in patients with d&ag67 (Goodson et al., 2000; Brown
et al., 2002). On other hand low expression of -6Ki was more common with

favorable prognostic variables. This finding doned by some studies (Wenger et al.,
1993; Brown et al.,, 1996; Urruticoechea et al., 20Ferushalmi et al., 2010;

Nishimura et al., 2010; Boder et al., 2011).

Ki-67 in gastrointestinal tumors

Belev et al. investigated the prognostic value of6K, in gastrointestinal stromal
tumors (GISTs). Result was Ki-67 presents a sigaift prognostic factor for GIST
recurrence which could be of great importance ialeating malignant potential of
disease (Belev et al., 2013).

In colorectal cancer, data have, to some exteswt lsentradictory. Several studies
have reported no prognostic value of Ki-67 expmssiOne study reported an
association between a low tumor cell proliferatrate at the invasive margin and
poor prognosis in colorectal cancer TNM stage HlifRyvist et al., 1999), whereas
others reported an adverse prognostic value ofla Ki-67 after curative resection
for colorectal cancer (Kimura et al., 2000). Anotrgtudy showed that the
prognostic markers in colon cancer stage Il andtiflated with surgery with or
without adjuvant 5-FU and leucovorin (calcium falig) therapy, showed an
improved outcome in patients with a high percentaigki-67-positive tumor cells
(Allegra et al., 2003). As a possible explanatiomre rapidly proliferating tumor
cells may be more vulnerable to chemotherapy-indiuoenor cell death in colon
cancer stage lll, a high Ki-67 immunostaining ir0%¢ of the tumor cells are both

associated with an improved RFS in colon canceagestdl and Ill, but not so in
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rectal cancer. In addition, in colon cancer stdgelhigh Ki-67 immunostaining in
>40% of the tumor cells seems to be a predictivekarao the effect of adjuvant
chemotherapy (fluge et al., 2009).

Ki-67 in prostate cancer

The Ki-67 labeling index of prostatic caram® has been said to predict
tumor-specific mortality both in cases of lindtdisease and in cases associated
with lymph node metastases (Masuda et al., 1998 combined determination of
Gleason score and proliferation index constitutesparticularly powerful
prognostic tool (Chiusa et al., 1997). In a 6-ysardy involving 808 patients
diagnosed with prostate cancer, an immunohistoatenmassessment of Ki-67
expression was evaluated for its relationship ® gpecificity of the cancer and
overall survival. Compared to information from tGéason score and PSA, Ki-67
provided additional prognostic information (Khataetial., 2009; Berney et al.,
2009). In another study of a group of meeated with radiotherapy and
androgen deprivation for prostate cancer, Ki-6&xpression levels in
conjunction with MDM2 were found to be cdated to distant metastasis
and survivability (Khor et al., 2009). Neverthelefsther studies will be needed to
validate these results and explore the pdiggibof combining Ki-67 with
existing prognostic tools as a powerful biomarkar localized prostate cancer
(Jhavar et al., 2009).

Role of Ki-67 in Thyroid cancer

It is know that the Ki-67 LI in PTCis lower than that in breast, lung, stomach and
colon adenocarcinomas (Katoch et al., 1998pst authors have demonstrated low
Ki-67 expression in differentiated thyroid cammas, but higher expression in those
undifferentiated (Wallin et al., 1992; Katoh et, 41995; Basolo et al., 1997; Okayasu et
al., 1998:Tallini et al., 1999; Yoshida et al., 1999; Saiakt 2002).

As expected ,the mean ki-67 LI was low, but wasificantly higher in the BRAF —
positive patients than in the BRAF — negative pasighese finding suggest that the
BRAF mutation may activate the MAP kinase pathwagulting in activated tumor cell

proliferation. Activation of the MAP kinase pathyvay the BRAF (V600E) mutation
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may play an important role in thyroid carcinogesesid tumor progression.Therapeutic
agents targeting this pathway are considered & gremising novel treatment modality
for thyroid carcinomas, and a specific inhibitorgeting the Rafkinase has been
reported (Bollag et al., 2003; Karasaides et @042 it is hoped that this inhibitor will

be therapeutically for those who have incurableaks.

ltoY et al. investigated Ki-67 LI in PTC and comedr result with various
clinicopathological features, including patient gmosis. Ki-67 LI was associated with
patient age, massive extrathyroid extension, asthuali metastasis at surgery, and the
disease-free survival (DFS) of patients with Kil871% was significantly worse than
that of those with Ki-67 LI <1% (p < 0.0001). On hivariate analysis, Ki-67 LI was
recognized as an independent prognostic factothferDFS of patients (Ito et al.,
2010).

Pujani et al. demonstrated the increased Ki-67iddgressively from multinodular
goiter to follicular adenoma, papillary carcinonfiallicular carcinoma, and medullary
carcinoma, and were the highest in undifferentiatectinoma (Pujani et al., 2010).
These findings are in close agreement with thosErimkson et alThey observed the
highest values for Ki-67 LI in anaplastic carcinofollowed by follicular and papillary
carcinoma (Erickson et al., 1998). Ziad et al. ddmmunoexpression of thyroid
transcription factor-1 (TTF-1) and Ki-67 in a cogeint ATC and FTC and found a
significantly higher Ki-67 LI in anaplastic areasaomparison with the follicular areas.
They suggested that in thyroid cancers, TTF-1 aneéb7K could provide useful
information on the differentiation activities ofyttoid tumor cells and may be helpful to
distinguish well-differentiated and undifferentidtareas in a mixed thyroid cancer (
Ziad et al., 2008).

2-Proliferating Cell Nuclear Antigen(PCNA)

commonly known a®CNA, is a protein that acts as a processivity factorONA
polymerased in eukaryotic cells. It achieves this processiwty encircling the DNA,
thus creating a topological link to the genomas lan example of a DNA clamp. The
protein encoded by this gene is found in the nucland is a cofactor of DNA

polymerase delta. The encoded protein acts as athomer and helps increase the
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processivity of leading strand synthesis during DMflication. In response to DNA
damage, this protein is ubiquitinated and is inedhin the RAD6-dependent DNA
repair pathway. Two transcript variants encodirgyghme protein have been found for
this gene. Pseudo genes of this gene have beenb#geison chromosome 4 and on the
X chromosome. PCNA was originally identified asaartigen that is expressed in the
nuclei of cells during the DNA synthesis phasehef tell cyclgLeonardi et al., 1992).

2.10.2.3.Growth factor
Vascular endothelial growth factor (VEGF)

Angiogenesis is a process of new blood vessel dpwednt from preexisting
vasculature. The vascular endothelial growth faCuiGF) is one of the most potent
endothelial cell mitogens and plays a crucial rafe both angiogenesis and
lymphogenesis (Carmeliet & Jain, 2000). The micsowar density is increased in the
thyroid malignancy compared with normal thyroidstis and benign thyroid tumors
(Segal et al., 1996; Akslen & Livolsi, 2000). Grawgievidence from invitro and invivo
experiments have shown that increased VEGF expreggbmotes thyroid cancer cell
growth, subsequent lymph node metastasis, locakion, and distant metastasis, where
as the inhibition of VEGF signaling resulits suppression of the tumor growth
(Lin&Chao, 2005). also Lennard et al. found thatGHe expression correlates with
tumor aggressiveness and metastatic potential.ugdff intense immunostaining for
vascular endothelial growth factor in patients wtpillary cancer has been associated

with a high rate of local recurrence and distantasiases (Lennard et al., 2001).

2.10.2.4.Serum markers

1-serum thyroglobulin (Tg)

Thyroglobulin (Tg) is a protein produced by anddisatirely within the thyroid gland.

Tg bound to T3 and/or T4 is sometimes called cdlldig is used by the thyroid gland
to produce the thyroid hormones T4 and T3 (Venetral., 2000) Thyroglobulin levels
in the blood can be used as a tumor marfkercertain kinds of thyroid cancer
(particularly papillary or follicular thyroid cange(American Cancer Society, 2009). Tg

is secreted by both normal and cancerous thyrdld. da patients who have not had a
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total thyroidectomy and® | ablation, the interpretation of serum Tg measieets is
limited by the inability to differentiate betweemmor and thyroid remnant (Spencer et
al., 2005). Detectable serum Tg is highly suggest¥ thyroid remnant, residual or
recurrent tumor. The cut-off serum Tg concentrabegond which recurrent / persistent
disease is implied depends on several variabldadimg the assay employed by each
laboratory. Individual laboratories should advis@icians on the significance of
detectable serum Tg at low concentrations .A sefFgmnwhich is rising with time while
on suppressive thyroxin therapy is highly suggestif/tumor recurrence or progression
(Spencer et al., 2005) also van Herle et al. and-Rarcia et al. found that an elevated
serum thyroglobulin level correlates strongly witkcurrent tumor when found in
patients with differentiated thyroid cancer duripgstoperative evaluations. Serum
thyroglobulin levels are most sensitive when pasieme hypothyroid and have elevated
serum thyroid-stimulating hormone levels (Durenalet 1999), samples should not be
collected sooner than 6 weeks post-thyroidectomy™61 ablation / therapy (Ozata et
al., 1994; Hocevar et al.,, 1997; Spencer et &l052 UK guidelines, 2006), there is
normally no need to measure serum Tg more frequémin 3 monthly during routine
follow-up; for patients in remission an annual dhe¢ serum Tg should be measured
while on suppressive levothyroxine treatment, sifice release is TSH-dependent,
serum TSH concentration should be determined coactly to aid interpretation. The
requesting clinician should indicate on the formetiter the patient is on thyroid
hormone therapy and the TSH result should be dlail the laboratory performing
the Tg assay, there is no need for TSH stimulaifidhe basal serum Tg is already
detectable, Patients in whom the basal Tg remaensigiently detectable (i.e while on
suppressive levothyroxine therapy), or rises witlbsgquent assessments, require
further evaluation (Spencer et al.,, 2005). Somepigé® immune systems make
antibodies against thyroglobulin, which can affiest results. Because of this, levels of
anti-thyroglobulin antibodies are often measuredhat same time (American Cancer
Society, 2012).

2-Thyroid-stimulating hormone receptor mRNAS'

Thyroid cancer cells in the circulation can be dietd by measuring the mRNA of

thyroid-specific genes. Among these, thyroid-stiatimlg hormone receptor mRNAS'
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provide high diagnostic sensitivity and specificftyr thyroid cancer detection. This
marker can be used in synergy with current diagnasiodalities, i.e. fine-needle
aspiration and ultrasound, for preoperative diagnosnd serum thyroglobulin
measurement for monitoring. Gupta and Chia stutli@ge demonstrated the high
sensitivity and specificity of thyroid-stimulatifgprmone receptor mRNA in detecting
recurrent/residual disease even in the present®yaiglobulin antibodies. Fine-needle
aspiration biopsy is currently the sole method faraluating thyroid nodules.
Indeterminate fine-needle aspiration cytology isifd in approximately 15-30% of
specimens. Thyroid-stimulating hormone receptor rARN2asurement in patients with
indeterminate fine-needle aspiration may enhancacera detection and save

unnecessary surgeries (Gupta & Chia , 2007).

2.9.2.5.Hormone receptors

Because of thyroid cancer is three times more peavan females but the role of sex
hormones in its pathogenesis is unknown Kansakat. eletermined the expression of
estrogen receptor (ER), progesterone receptor (RR}hyroid neoplasm's to see if
expression correlated with age and sex, histolbdigae, cancer stage, and clinical
outcome. ER and PR expression is higher in tumynoiti tissue. The over expression
of sex hormone receptors in thyroid tumor suggébktsr role in thyroid cancer

pathogenesis and needs further investigation (Kamss al., 2009).

2.10.2.6.Marker of cell adhesion

1.E — cadherin

E—cadherin is a glycoprotein which is the most ingoat molecule in cell-cell adhesion
in epithelial tissues; it is localized on the suda of epithelia cells in region of cell-cell
contact known as adherence junction (Gumbiner, 1996 a member of a large family
of genes coding for calcium-dependent cell adhesiotecules (CAMS), it is essential
for the formation and maintenance of epithelia.

Besides its role in normal cells, this highly caneel gene can play

a major role in malignant cell transformation, aspecially in tumor development and
progression. Loss of E-cadherin function or expogsfias been implicated in cancer

progression and metastasis. E—cadherin down régulatecreases the strength of
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cellular adhesion within a tissue, resulting iniacrease in cellular motility. This in
turn may allow cancer cell to cross the basementionane and invade surrounding
tissues (Huntsman et al., 1999).

Several prognostic factors have been reported teidrgficant in thyroid carcinomas
such as age at presentation and local tumors Bigmlogy and distant metastasis.
(Larsen et al., 2003)

The loss of E-cadherin correlates to tumor metastasd explanation for aggressive
nature of tumor and important indicator for clidideagnosis and divergent results have
been reported for thyroid carcinoma some studiedircoed that, E-cadherin staining is
an independent prognostic indicator for differetettathyroid carcinomas. It may help
to uncover the small group of patients with diffgrated thyroid carcinomas carrying a
high risk of suffering an unfavorable clinical @mgme (Reinhard von et al., 1997). And
other said E-cadherin expression seems to be assocwith the dedifferentiation,
progression, and metastatic spread of thyroid sancas and may be a useful marker

for the prognosis of these tumors (scheumman GiF.,e1995).

2. Galectin-3 (Gal-3)

Galectin-3 (Gal-3), represents the most well-stddmeolecular candidate for thyroid
cancer diagnosis. Gal-3 is a protein that bindedta-galactosidase residues on cell
surface glycoprotein and has also been identifiedthie cytoplasmic and nuclear
compartment. This marker has been implicated inulegign of normal cellular
proliferation and apoptosis, as well as malignaabgformation and the metastasis of
cancer cells, the majority of immunohistochemictldges found that Gal-3 was
differentially expressed in thyroid carcinoma comgobwith benign and normal thyroid
specimens, suggesting that Gal-3 is a good diagnostrker for thyroid cancer (Chiu
et al., 2010). In the thyroid, several reports hslvewn that Gal-3 is over expressed in
malignant tumors (Fernandez et al., 1997; Kawasthal., 2000; Herrmann et al., 2002;
Kovacs et al., 2003; Papotti et al., 2005; Prasad. £2005; Cvejic et al., 2005). Gal-3
shows strong diffuse cytoplasmic staining in mases of PTC, including the classical
and follicular variant (Fernandez et al., 1997;Blazzi et al., 2001; Herrmann et al.,
2002; Kovacs etal., 2003; Weber et al., 2004; Rrasaal., 2005; Cvejic et al., 2005).
Hyperplastic nodules, nodular goiters, and norfabilcular epithelium usually show
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absence of Gal-3 (Fernandez et al., 1997; Bartoézd., 2000; Herrmann et al., 2002).
On the other hand, Gal-3 genomic expression stuth®s shown inconsistent results
for diagnostic utility and are not recommended. 1@ltethe development of Gal-3 as a
diagnostic marker for thyroid cancer representsomsing avenue for future study, and
its clinical application could significantly redudbe number of diagnostic thyroid
operations performed for cases of indeterminarg fisedle aspiration biopsy cytology,
and thus positively impact the current managemeétitywoid nodular disease (Chiu et
al., 2010).

2.10.2.7.Molecular Markers

BRAF mutation (V600E) has proven to be relativedgtricted to PTC and anaplastic
thyroid carcinomas, and is very useful in the dédfdial diagnosis difficult thyroid

tumors. Unfortunately the follicular variant of plgry thyroid carcinomas has a BRAF
mutation in only 5-20% of the time while convenab®TC shows a BRAF mutation
more often (35-70%). BRAF mutations have been tepaio be predictive of several
factors including tumor behavior and response thogective iodine , but more studies
are needed in this area.RET/PTC rearrangemenurgdfaainly in PTC with a highly

variable frequency (5-80%) in different geograptggions and in different studies .
There are different fusions of the tyrosine kindeenain of RET. RET/PTC1 is the
most common followed by RET/PTCS3. In children wRTC, which developed after
exposure to radiation, RET/PTC3 was the dominaatra@gement. Chromosomal
rearrangements involving the TRK gene are foundhaut 10% of PTC. This results
from the fusion of tyrosine kinase domain of TRK ohromosome 1g22 to the
tropomyosin gene . Activating point mutations of  Aroto-oncogene occur in a small
percentage of PTC. The N-RAS codon is the most comrRollicular variant of PTC

has a higher frequency of RAS mutations than ireofiTC. RAS mutations are also

present in follicular carcinomas and adenomas (bli&va et al., 2008).

HMGAZ2 and insulin-like growth factor I mRNA bindinprotein 3 (IMP3) are highly

expressed during fetal development and then tiemads are very low to absent in adult
tissues. Recent studies have shown that in manigmaat neoplasms HMGA2 and
IMP3 have increased levels of expression. Thesdietuhave shown that normal

thyroid tissues and follicular adenomas express levels of HMGA2 and IMP3
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MRNA compared to papillary and follicular carcin@end@he levels of expression in the
carcinomas range from 1.5 to greater that ten Hdgher than in adenomas or normal
thyroid tissues, so measurements of the levelsxpfession by quantitative RT-PCR
helps to separate benign from low grade malignlytoid neoplasms in most cases
(Lappinga et al., 2010; Jin et al.,, 2010). Thebseovations have been examined in
thyroid tissues and molecular assays are beinglas@ to distinguish follicular
adenomas from papillary and follicular carcinonragytologic specimens as well as in
tissues using formalin fixed paraffin embeddeduiss These approaches should allow
the pathologist to use molecular approaches inrspldifficult diagnostic problems in
thyroid pathology (Ricardo et al., 2011).

2.10.2.8.Cellular structure markers

1.Cytokeratin 19

CK19 (Keratin 19) is a member of the keratin familthe keratins are intermediate
filament proteins responsible for the structurdkegnity of epithelial cells. Different
subtypes of keratin filaments are grouped accordimgmolecular weight. High-
molecular-weight CKs (CK1, CK4, CK10, and CK13) adetected in stratified
squamous epithelium. Simple or glandular epithelenpresses CK7, CK8, CK18, and
CK19. The thyroid gland has been extensively sthidigh various antibodies to CKs in
an attempt to identify differential expression pats in normal parenchyma, benign
nodules, and malignant tumors. Papillary carcinoh@a® been shown to express strong
and diffuse immunoreactivity for CK7, CK18, and CXln 80% to 100% of
cases(Cheung et al., 2001; Lam et al., 2001). Bec&K19 detection in follicular
adenomas and follicular carcinomas is often let=nse and more focal than in PTC,
this keratin has become one of the most commonrdy tis investigate thyroid lesions
(Baloch et al., 1999; Cheung et al., 2001; Sahoal.et2001; Cerilli et al., 2002).
Several authors emphasize the importance of thehdison and intensity of CK19
staining as the most critical aspects of accuraterpretation (Cheung et al., 2001;
Sahoo et al, 2001; Asa &Cheung, 2001; Asa, 200&)rmal thyroid follicular
epithelium is often negative, focal staining for TKdoes not rule out a diagnosis of
PTC, particularly in nodules with nuclear featuod$PTC that are seen focally (Sahoo

et al., 2001). CK19 has also been considered byynrarestigators to be a useful
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ancillary tool for the diagnosis of papillary carcama in FNAC (Nasser et al., 2000;
Khurana et al., 2003; Saggiorato et al., 2005). f@ported sensitivity and specificity
using CK19 as a single marker is as high as 92%0apd, respectively (Nasser et al.,
2000). A panel of markers including CK19 and gate8t was reported as reaching
100% of both specificity and sensitivity in the mgement of thyroid lesions with a

cytologic diagnosis of follicular oncocytic tumdiSaggiorato et al., 2005).

2.HBME-1

HBME-1 is a monoclonal antibody that recognizesiaknown antigen in the microvilli
of mesothelioma cells, normal tracheal epitheliang adenocarcinoma of the lung,
pancreas, and breast (mase et al., 2003; Nikifoevwd, 2003). HBME-1 has also been
reported by several investigators to be a usefukeraf malignancy in thyroid nodules
(Mase et al., 2003; Erickson et al., 2004; Rezlalet2005; Saggiorato et al., 2005;
Paptti et al., 2005). Overall in the thyroid, HBMEstains mostly follicular-derived
malignant tumors, including well-differentiated apdorly differentiated carcinomas,
with a variable sensitivity and specificity in difent series. Most PTC show diffuse
positive staining for HBME-1 (55%-100%; mean, 880Gheung et al., 2001; mase et
al., 2003; Saggiorato et al., 2005). One studyrbpsrted a sensitivity of 70% and 45%
for the classical and follicular variant of PTCspectively (Cheung et al., 2001). Many
of the reports in which HBME-1 was also studiechormal and hyperplastic thyroid
demonstrated absence of this marker (Cheung et2@0]1; Prasad et al., 2005).
However these finding given the high specificitytios marker for malignancy in many

series.
2.11. Immunohistochemistry as adjunct tool in Biomdical Research

Immunohistochemistry (IHC) is a technique that égularly used in cell biology,
biological research and diagnostic pathology. lieseupon the interaction between
antibodies and antigens, allowing for substancdsetalentified within tissue samples.
An antigen is a substance that is recognized by itm@une system as foreign,
prompting the production of antibodies and causaingimmune response within the
body. Antigens are usually large, complex protengolysaccharide molecules. An
antibody is a glycoprotein that is produced by Bnphocytes in response to the

presence of an antigen (Hayat, 2002). IHC is artecie used to locate antigens or
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proteins in tissue sections. It utilizes this amtigantibody interaction by labelling
antibodies which will react with specific antigefihis interaction is visualized by a
marker which may be a fluorescent dye, enzymesioaative elements or even
colloidal gold (Ramos-Vara, 2005).

2.11.1. History

In 1941 - Albert H.Coons first introduces immunofluorescence as ingteempts to
label antibodies were unsuccessful as the labelg wet visible enough under the
microscope. Using specific antibodies, Coons labe¢leem with fluorescent dyes in
order to localize substances in tissues. This @&tbvior the detection of antibodies,
antigens and antigenic proteins in tissues. In 184@ns, Creech, Jones and Berliner
succeeded in tagging antibodies. These antibodeze wsed to detect foreign antigens
in tissues. This involved using a single antipnecocsal antibody to find

pneumococcal antigens in mice injected with largebers of pneumococci.

In 1959 Singer first used an electron-dense prateiorder to achieve ultra structural
localization. The protein ferritin was used to tag antibody. Electron microscopy
could be used in Immunohistochemistry as a resuhis as the presence of iron in the
protein makes it electron-dense (Bozzola et al99)19In 1965Uranium was used to
develop the first electron-opaque heavy metal teglen(WonTaek Lee, 2010). In 1966
Graham and Karnovsky localized the enzyme perogridesng cytochemical methods
leading to the development of the enzyme tagginthate In 1967 Nakane and Pierce
developed the enzyme-labeled antibody techniqudabgling an antibody with an
enzyme (Bozzola et al., 1999). In 1970 Building mploe work of Graham, Karnovsky,
Nakane and Pierce, Sternberger developed the plxsedantiperoxidase (PAP) method
in an attempt to improve the enzyme-labelled methbde PAP method was an
unlabelled antibody method. In 1971 Another elecimpaque heavy metal technique
was developed by Faulk and Taylor using colloidaldg This is a popular technique
and can also be called the colloidal gold technijpen Taek Lee, 2010). In 1974 The
Avidin-antibiotin complex (ABC) method was develop&imilar to the PAP method, it
is also an unlabelled antibody method (Won Taek, [2@10). In1990's - Antigen
Retrieval was discovered, that the retrieval ofreantive antigens in formalin-fixed,

paraffin-embedded tissues was possible by heagegosis in buffer solutions. This
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increased the detection of antigens and sensitiwitynethods (Ramos-Vara et al.
,1999).

2.11.2. The Process

IHC has a general process which differs slightlgeteling on which method is utilized.
These are the steps involvedtissue sample is collected from an animal omptiteent.

It can be from almost any organ in the body, the@a must be frozen or preserved
quickly to prevent deterioration of the tissuesdfr samples must be used as soon as
possible. This is known as the fixation processzdén samples are sliced to one-cell
thickness and mountedntibodies are added to the sample which bind thghantigens
present in the tissue. Antibodies may be monoclonglolyclonal,a protein solution is
added to prevent the antibodies binding to nonifipegroteins in a process called
blocking, the sample is then incubated and wasledetmove excess primary
antibodies,a secondary antibody is added to the sample arithdirio previous steps,

it is incubated and washed to remove any excessdacy antibodiesafter mounting,

these antibodies are fluorescently tagged andisvahzed with a microscope.

General method adapted from IHC world (IHC World)02) and "Microscopy,
Immunohistochemistry, and Antigen Retrieval Methddkyat, 2002). This method
including; Direct and Indirect Method, Peroxidasetiperoxidase (PAP) Method,
Avidin-antibiotin complex (ABC) Method, Labelled r8ptAvidin Biotin (LSAB)

Method, Polymeric Method and Catalysed Signal Afigaltion (CSA) Methods.

Controls

Use of Positive and Negative controls in IHC. Likest experiments, a control needs to
be run so that the procedure can be verified amthégk that the antibody being used is
the correct one. The controls should be handled pandessed in the same way the
tissues being tested are, to ensure consistencgp@udate result.here are two types

of control in Immunohistochemistry; Positive cotaad negative control.
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Positive control

Positive control is used to verify the proceduray/fegative results or steps that do not
work efficiently will be eliminated or completed evagain until the correct procedure
and staining is established. Generally it is megirapriate to use the tissue which will

be used in the experiment.

Negative control

Negative staining is used to verify the specificdly the antibody being used. The
antibody must be from the same species as the priardgibody and a stain must not
occur when the primary antibody is removed or regdawith serum. This type of
negative control is often used in IHC as it is easgecond type of negative staining is
used, in which the staining is inhibited by a pedfantigen absorbing the primary
antibody. This technique is the most useful andr@mpte, however isolating a
purified antigen is time consuming and hard, consatly making this stain rarely used
in IHC controls (IHC World, 2007).

Blocking

The process called blocking, is used to reduceinoit the amount of background
staining which occurs during various IHC methodacl®yround staining is when cells
that are not being stained for pick up some ofstiaén or fluorescence, leading to false
positives. This is a common outcome when fixatisnnot completed quickly or
adequately enough and also in the middle of largegs of tissue. Background staining
may also occur if the antibodies being used haea lsentaminated by other antibodies,

through the use of impure antigen during immunazati

2.11.3. Methods

Direct Method

Direct fluorescent methods is the oldest and sistpieethod. It utilises one labelled

primary antibody which reacts directly with an get within a tissue sample. A sample
96



is prepared and is exposed to a primary antibotg. dntibodies react with the antigens
resulting in an antigen-antibody interaction. Tlenple is washed to remove excess
antibodies and is mounted and visualised underceostope (IHC World, 2007).
Advantages

Procedure is short and quick, it can be used fakaliagnostic testing.

Disadvantages

Procedure is insensitive, only one tagged antibmdys with each antigen. If antigen
concentration is low then the concentration of &mbgntibodies is low and may not be

enough for detection under the microscope.

Applications

Since the introduction of the more accurate andiea indirect method, the direct

method is rarely used.

Indirect Method

The indirect method is used far more commonly ttien direct method. It involves
using both primary and secondary antibodies. Sityita the direct method, the sample
Is exposed to primary antibodies and the antigerisa sample react with the antibodies
resulting in an antigen-antibody interaction. Thenple is washed to remove the excess
antibodies and is then exposed to the labelledrslzry antibodies which are directed
against the primary antibodies causing them to baggther. The sample is mounted

and can be visualised through a microscope.

The secondary antibodies may be labelled with varsubstances. If they are labelled
with fluorescent dyes such as Texas Red, rhodaminEITC the method becomes
known as Indirect Immunofluorescence Method. Aliirrely, they may be labelled

with enzymes such as peroxidase or glucose oxidése. is known as Indirect

Immunoenzyme Method (IHC World, 2007).

Advantages

Only the secondary antibodies, which tend to beapbe need to be labelled, thus
preventing wastage of primary antibodies, sengjti@ much greater than that of direct

method.
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Disadvantages

Secondary antibodies must be from a different ahspacies, procedure is laborious.

The indirect method acts as a precursor to moreptmmethods such as the PAP

method and ABC method. It is rarely used sincertreduction of the more commonly

used complex and sensitive successors.

2.11.4. Limitations of IHC

There are various limitations associated with IHC

There are some tumors for which there are no aditsoavailable which can be
accepted to be specific to that type of tumorssTheans that there is no specific
test for this tumor and it requires a multimodapm@ach in order to reach a
diagnosis. An example of this is malignant mesabheh which is a malignant

epithelial neoplasm which originates from the sakasurfaces of body cavities

(Suster and Moran, 2006).

The specificity of antibodies needs to be testadgusontrols to avoid false-positive

results which are often a result of non-specifiwding (Fritschy, 2008)

There is a limited amount of antibodies that camrsed from a single animal and
specificity is reduced when the protein used fomumization and the contaminants
are co-purified. This is overcome by using monoalomantibodies, though

monoclonal antibodies are more expensive (Faggeaab, 2007).

Immunohistochemistry has numerous methods thatbeamsed in the lab, with
some having substantial advantages over others.sOcte property, sensitivity is
often viewed as a limitation as many methods woll produce the required results
(IHC World, 2007).
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2.11.5. Advantage of IHC

In diagnosis of disease IHC is an excellent detectechnique and has the tremendous
advantage of being able to show exactly where argprotein is located within the
tissue examined. It is also an effective way toneike the tissues. The technique is
even more widely used in diagnostic surgical patypl for typing tumors (e.qg.
immunostaining for e-cadherin to differentiate be¢w DCIS (ductal carcinoma in situ:
stains positive) and LCIS (lobular carcinoma imsdoes not stain positive) (O'Malley
& Pinder, 2006).

« Carcinoembryonic antigen (CEA): used for identifica of adenocarcinomas.
Not specific for site.

« Cytokeratins: used for identification of carcinontag may also be expressed in
some sarcomas (Leader et al., 1986).

+ CD15 and CD30 : used for Hodgkin's disease

« Alpha fetoprotein: for yolk sac tumors and hepallata carcinoma.

« CD117 (KIT): for gastrointestinal stromal tumorsi§3).

+ CD10 (CALLA): for renal cell carcinoma and acutenyhoblastic leukemia.

+ Prostate specific antigen (PSA): for prostate cance

+ estrogens and progesterone staining for tumor iftstton.

+ Identification of B-cell lymphomas using CD20. Idiécation of T-cell

lymphomas using CD3

In cancer therapy IHC can be used to assess whidrs are likely to respond to
therapy, by detecting the presence or elevatedsleMethe molecular target. Tumor
biology allows for a number of potential intracéiutargets. Many tumors are hormone
dependent. The presence of hormone receptors casdokto determine if a tumor is
potentially responsive to antihormonal therapy. riethe first therapies was the
antiestrogen, tamoxifen, used to treat breast cai®ech hormone receptors can be
detected by IHC (Jgrgensen et al., 2007). Imatiaib,intracellualar tyrosine kinase
inhibitor, was developed to treat chronic myelogenkeukemia, a disease characterized

by the formation of a specific abnormal tyrosinedde. Imitanib has proven effective in
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tumors, that express other tyrosine kinases, mottbiy KIT. Most gastrointestinal
stromal tumors express KIT, which can be detectelHC (Gold and Dematteo, 2006).

Problems of Immunohistochemistry without automation

Three critical points in IHC that depend dihgan the human intervention can be
delineated as follows: Appropriate handling of §pecimen, its suitable fixation, its
later inclusion in paraffin, as occurs with moéthe samples, and the preparation of
the sections are all vital in the final resulttbé stains. Another critical step includes
the preparation of reagents, antibodies and apgicaf solutions, times of incubation,
suitable dried washing and crystals. These aawisire done manually and repetitively.
To present, these activities have been obgctautomation . The interpretation of
the results is always the responsibility of anpesk pathologist who is familiar with
each one of the antibodies, its diagnostic pdg@b and limitations. Automation
simplifies the 16-step manual method dowrartother maximum five-step method,
which more or less reduces the time per slabglly in less than 1 hour it must be
possible to dye more than 40 slides. The diffenestruments must be able to function
without great time spent by technical personniéte cost per test with an automatic
system, including the cost of the antibodies aafjents, would have to be same as that
for the manual method. The use of closed systevould favor biosecurity in every
laboratory. Examples of automated immunostairneeshmate, Horizon, Nexes,
Ventana ES, Leica, and Optimax Cadenza (Grogah, 19893).

100



Chapter 111

Patients
and methods



3.Patients and Methods

Clinicopathological features and follow up data

Archival samples of 32 papillary thyroid carana was examined in the present
study: All the tumor samples were collected froath®logy Department, Faculty of
Medicine, Benghazi University between January 2@@4December 2012 based on

availability of representative paraffin blocks.

The patient's report were retrieved from thesfié the Pathology Department archive
in order to collect the appropriate clinicalaurgical information for current study.
For each patient, we obtained the followingoiniation: age, gender, localization,

tumor size, extrathyroid extension, distant metastaype of surgery.

An experienced pathologist confirmed all diagnoars] the following histopathological
features were recorded included; histological typgnph node involvement,

lymphovascular invasion, blood Vessel invasiorg existence hashimiotothyroiditis,
multifocality. All tumors were classified usinghe histopathological criteria of
WHO classification. The key clinicopathological aaif patients are summarized in
Table 3.1.
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Table 3.1Clinicopathological characteristics of the patsewith PTC

Characteristic No of patients(%)
Gender

Male 2 (6.3%)
Female 30 (93.7%)
Age(yrs)

<36 16 (51.6%)

> 36 15 (48.4%)

Histopathological type

Classic variant 21 (65.6%)
Follicular variant 10 (31.3%)
Tall cell variant 1 (3.1%)

LN involvement

No 10 (31.2%)
Yes 7 (21.9%)
Nx 15 (46.9%)
Distant metastasis

No 26 (81.2%)
Yes 0 (0%)

Mx 6 (18.8%)
Extrathyroid extension

No 27 (84.4%)
Yes 5 (15.6%)
Multifocal

No 20 (62.5%)
Yes 12 (37.5%)
Localization

Lt lobe 9 (31.1%)
Rt lobe 13(44.8%)
Both 7 (24.1%)
Lymph vessel invasion

No 29 (90.6%)
Yes 3 (9.4%)
Blood vessel invasion

No 32 (100%)
Yes 0 (0%)
Pre-existence hashimiotothyroiditis

Yes 13 (40.6%)
No 19 (59.4%)
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Distribution of lymph node
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Localization
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Ki67&P53 Immunostaining

Formalin-fixed, paraffin-embedded PTC tissue watsioled from 32 patients. Sections
were cut serially at 5pum for immunohistochemic&l@) analysis by using microtome.
IHC analysis was done using the automatic systeem¢BMark XT, Ventana Medical
System, Inc. Tucson, Arizona, USA). This fully awi@mted processing of code-labeled
slides included baking of the slides, solvent fleparaffinization, antigen retrieval in a
cell conditioning buffer CCI (Mild: 36 minutes catidning, and standard: 60 minutes
conditioning), Slides were then incubated with thRabbit monoclonal
antiP53antibodies (clone: SP5, Catalog No: M303R06Koll Center Parkway, CA
94566, USA),and with MIB-1 monoclonal antibodids(e:sp6, Catalog No:N3064
,6920 Koll Center Parkway, CA 94566, USA) Dilutidn 50 for 32 min, at 37°C.
Application of I-View™ DAB Detection Kit (Lot no. B5860AZ), which, includes: I-
View DAB HRP, I-View DAB Inhibitor, I-View DAB Bidin, I-View DAB H202, and
I-View DAB Copper. Counterstaining with haemataryll (C00758) was done for 4
minutes, and post-counterstaining with blueing es4g(B11129) was done for 4
minutes as well. After staining, the sections wa$ydirated in ethanol, cleared in

xylene, and covered with Mountex and cover slips.
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Evaluation of immunohistochemical staining

Ki67and P53 staining were evaluated using regulght| microscope at the
magnification of x40. Nuclear staining was gradedo four categories: 3+++ NoO
blue to be seen through brown staining, nuclei apparker than cytoplasm, 2++ Blue
scarcely to be seen through brown staining, numpgiear darker than cytoplasm, 1+

blue clearly to be seen through brown stainingnlyy blue staining.

The nuclear index (NI) was calculated with btitl intensity of staining and fraction

of positively-stained cells taken into account gdiine following formula:

1= O0xfO+1xfl+2xf2+3xf3

Where 1; is the staining index, fO-f3 are the fracg8af the cells showing a defined
level of staining intensity (from 0 to 3). Theacally, the index could vary between 0
and 3 (Lipponen & Collan, 1992; Buhmeida et, a&008; Fatma Emaetig et al.,
2013).
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Statistical analysis

Statistical analyses were performed using the IBAES Statistics (IBM Company, NY,
USA) software packages (IBM PASW Statistics for dows, version 19). Frequency
tables were analyzed using the Chi-square tesh, Matlihood ratio (LR) or Fischés
exact test being used to assess the significantte aorrelation between the categorical
variables. Odds Ratios and their 95% Confidencerials (95%CI) were calculated
where appropriate, using the exact method. Diffegem the means of continuous
variables was analysed using non-parametric t&&snfn-Whitney or Kruskal-Wallis)
and multiple independent samples, respectively.lysie of variance (ANOVA) was
only used deriving the mean values (and their 95%€Céach individual stratum. In all

tests, the valuesy0.05 were regarded statistically significant.
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Results



4-Result

expression patterns of Ki-67 expression

The intracellular localization of ki-67 in tumor Il was predominantly nuclear in
tumor area. The expression of ki-67 in PTC lesiares illustrated in the following
figures respectively (Figure 4.1, 4.2). The maaue of staining ki-67 indices (NI)
was (0.3), 62% of tumors express Ki-67 were bdlmsvmean(20/32), and 37.5% above
the mean (12/32) the frequency of Ki-67 in PTCilwstrated in figure 4.3.

Correlation of Ki-67 expression with clinicopatholgical characteristics

The distribution of Ki-67 expression in tumor sas®ln relation to clinicopathological

characteristics is presented in (Table 4.1, 4.2).

Using different cut-off points (mean, median, antéi2 score (0 Vs 1,2,3) and (0,1, Vs
2,3). Aninteresting finding in our immunstochemical study, The tumor arising
from left lobe(7/9) show proliferation index mdtrean the right lobe (3/13) (p <0.028).

No statistically significant correlation was foubdtween Ki-67 expression in tumors
and other clinicopathological parameters (suchges gender, histopathological type,
tumor size, extrathyroid extension, multifocaliBre-existence Hashimiotothyroiditis).
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Figure.4.1. Low proliferation index (K-67) in papillary thyroid carcinoma (IHCX2(
(Department of Pathology, Faculty of Medicine, Bleazi University)

Figure.4.2. High proliferation index (K-67)in papillary thyroid carcinoma (IHCX4(
(Department of Pathology, Faculty of Medicine, Beazi University).
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Figure.4.Brequency of k-67 expression in PTC.
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Table.4.1. Correlation between Ki67 expression andinicopathological features of
PTC at mean as cut-off point.

Ki-67expression
Feature Number%| Below Above P value
mean(0.3)| mean(0.3)
Age <36 16(51.6%) 10(50%) | 6(54.5%) 0.809
>36 15(48.4%) 10(50%) | 5(45.5%
gender female 30(93.8%) 19(95% 11(91.7%)706
male 2(6.3%) 1(5%) 1(8.3%)
Histopathological classic 21(67.7%) 12(63.2%P(75%) 0.492
type follicular | 10(32.3%) 7(36.8%) 3(25%)
LN involvement No 10(58.8%) | 6(60%) |4(57.1%) | 0.9
Yes 7(41.2%) 4(40%) 3(42.9%)
Tumor size <2.5cm 16(51.6%) 9(47.4% 7(58.3%0) 0.55
>2.5cm 15(48.4%) 10(52.6%)5(41.7%)
Extrathyroid No 27(84.4%) 16(80%) | 11(91.7%).37
extension Yes 5(15.6%) 4(20%) 1(8.3%)
Multifocality No 20(62.5%) 11(55%) | 9(75%) 0.25
Yes 12(37.5%) 9(45%) 3(25%)
Tumor localization Left lobe| 13(44.8%) 10(58.5%3(25%) 0.028
Rightlobe | 9(31%) 2(11.8%) | 7(58.3%)
Both lobe | 7(24.1%) 5(29.4%) | 2(16.7%)
Lymphatic invasion | No 29(90.6%) 18(90% 11(91.7%)87
yes 3(9.4%) 2(10%) 1(8.3%)
Pre-existence No 13(40.6%) 14(70%) 5(41.7%) 0.1
Hashimiotothyroiditis yes 7(41.2%) 6(30%) 7(58.3%
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Table.4.2. Correlation between Ki-67 expression andlinicopathological features
of PTC at cut-off point( 2-tier score 0,1 vs. 2,3)

features Ki67 expression 2-tier
score (0,1
Number% | vs. 2,3) Pvalue
0,1vs 2,3
age <36 16(51.6%) 15(50%) 1(100%) 0.32
>36 15(48.4%) 15(50%) 0(0,0%)
gander female 30(93.8%)18(93.3%) | 2(100%) 0.7
male 2(6.3%) 2(6.75) 0(0,0%)
Histopathological type classic 21(67.79%9(65.5%) | 2(100%) 0.31
follicular | 10(32.3%)| 10(34.5%) | 0(0,0%)
LN involvement No 10(58.8%)) 9(60%) 1(50%) 0.78
Yes 7(41.2%) | 6(40%) 1(50%)
Tumor size <2.5cm 16(51.6%)15(51.7%) | 1(50%) 0.60
>2.5cm | 15(48.4%) 14(48.3%) | 1(50%)
Extrathyroid extension No 27(84.4%%(100%) 25(83.3%) | 0.53
Yes 5(15.6%) | 0(0,0%) 5(16.7%)
Multifocality No 20(62.5%)| 18(60%) 2(100%) 0.8
Yes 12(37.5%) 12(40%) 0(0,0%)
Tumor localization Left lobe] 9(31%) 8(29.6%) 1(50%) | 0.4
Rightlobe| 13(44.8%)| 13(48.1%) | 0(0,0%)
Both lobe| 7(24.1%) | 6(22.2%) 1(50%)
Lymphatic invasion No 29(90.6%)27(90%) 2(100%) 0.63
yes 3(9.4%) 3(10%) 0(0,0%)
Pre-existence No 19(59.4%) 17(56.7%) | 2(100%) 0.22
hashimiotothyroiditis | yes 13(40.6%) 13(43.3%) | 0(0,0%)
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expression patterns of p53 expression

The intracellular localization @53 in tumor cells was predominantly nuclear in dam

area. The expression patterns of p53 in PTC lesawasillustrated in the following

figures respectively (Figure 4.4, 4.5, 4.6). Theean value of staining p53 indice
(NI) was (0.13). 75% of tumors express P53 wellevibéhe mean (24/32), and 25%
above the mean (8/32) the frequency of P53 in BEGIlustrated in figure 4.7.

Correlation of p53 expression with clinicopathologial characteristics

The distribution of p53 expression in tumor sampieselation to clinicopathological

characteristics is presented in (Table 4.3, 4.4).

Using different cut-off points (mean, and 2-teiosx (0 Vs 1,2,3). An interesting
finding in our immunohistochemical study, p53 exgsien show a significant
correlation with tumor localization (p < 0,06), tamarising in both lobes show low
expression of p53 (7/7), also tumor arising in lethe or in right lobe express low
P53(6/9) (8/13) respectively.

Moreover, P53 expression showed also border lirgnifsgant correlation with
lymphovascular invasion (p <0.08) in that the tusnexpress P53 associated with
lymphatic invasion (2/3).
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Figure.4.4Negative nuclear expression of P53 in papillaryraid carcinoma (IHCX20
(Department of Pathology, Faculty of Medicine, Bleazi University’

Figure.4.5weak nuclear expression of P53 in papillary thyroacinoma (IHCX20
(Department of Pathology, Faculty of Medicine, Bleazi University,
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Figure.4.6. strong nuclear expression of P53 in papillary tigrearcinoma (IHCX20)
(Department of Pathology, Faculty of Medicine, Beazi University).
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Table.4.3 Correlation between

PTC at mean as cut-off point.

P53 expression andimicopathological features of

features Number% expression of p5] P value
(O=below, 1=above
mean,)
0 1
Age <36 16(51.6%) 12(52.2%)4(50%) | 0.916
>36 15(48.4%) 11(47.8%)4(50%)
gender female 30(93.8%) 22(91.7%8(100%) | 0.399
male 2(6.3%) 2(8.3%) 0(.0%)
Histopathological classic 21(67.7%) 16(66.7%)pH(71.4%)| 0.813
type follicular | 10(32.3%) 8(33.3%)| 2(28.6%)
LN involvement No 10(58.8%) 7(70%) 3(42.9%0).362
Yes 7(41.2%) 3(30%) 4(57.1%)
Tumor size <2.5cm| 16(51.6%) 12(50% 4(57.199)739
>2.5cm | 15(48.4%) 12(50%)| 3(42.9%)
Extrathyroid No 27(84.4%) 20(83.3%) 7(87.5%)| 0.779
extension Yes 5(15.6%) 4(16.7%)| 1(12.5%)
Multifocality No 20(62.5%) 14(58.3%)6(75%) | 0.399
Yes 12(37.5%) 10(41.7%)2(25%)
Tumor localization Left lobe 9(31%) 7(30.4%) | 2(33.39%0)0.267
Right 13(44.8%) 9(39%) 4(66.7%)
lobe
Both 7(24.1%) 7(30.4%) | 0(.0%)
lobe
Lymphatic invasion | No 29(90.6%) 23(95.8%%(75%) | 0.08
yes 3(9.4%) 1(4.2%) 2(25%)
Pre-existence No 19(59.4%) 13(54.29%0)6(75%) | 0.299
hashimiotothyroiditis yes 13(40.6%) 11(45.8%)2(25%)
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Table.4.4 Correlation between P53 expression andimicopathological features of
PTC at cut-off point (2-tier score 0 vs. 1,2,3)

features Number% p53 expression 2-ti€rvalue
score (O vs. 1,2,3)
0 1
age <36 16(51.6%) 10(47.6%)6(60%) 0.519
>36 15(48.4%) 11(52.4%)4(40%)
gender female 30(93.8%) 20(90.9%d0(100%)| 0.325
male 2(6.3%) 2(9.1%) 0(.0%)
Histopathological classic 21(67.7%) 15(68.2%)6(66.7%) | 0.935
type follicular | 10(32.3%) 7(31.8%)| 3(33.3%
LN involvement No 10(58.8%) 6(66.7%) 4(50%) 0.486
Yes 7(41.2%) 3(33.3%)| 4(50%)
Tumor size <2.5cm | 16(51.6%) 10(45.5%6(66.7%) | 0.283
>2.5cm | 15(48.4%) 12(54.5%)3(33.3%)
Extrathyroid No 27(84.4%) 18(81.8%)9(90%) 0.555
extension Yes 5(15.6%) 4(18.2%)| 1(10%)
Multifocality No 20(62.5%) 12(54.5%) 8(80%) 0.168
Yes 12(37.5%) 10(45.5%)2(20%)
Tumor localization Left lobe 9(31%) 6(28.6%) | 3(37.5%) 0.068
Right 13(44.8%) 8(38.1%)| 5(62.5%
lobe
Both 7(24.1%) 7(33.3%) | 0(.0%)
lobe
Lymphatic invasion | No 29(90.6%) 21(95.5%3(80%) 0.164
yes 3(9.4%) 1(4.5%) 2(20%)
Pre-existence No 19(59.4%) 11(50%) | 8(80%) 0.109
hashimiotothyroiditi§ yes 13(40.6%) 11(50%)| 2(20%)
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5-Discussion

In 2008, the worldwide estimated age-standardisediénce rates for thyroid cancer
incidence were 4.7 and 1.5 per 100,000 women amyg raspectively. Thyroid cancer's
overall contribution to the worldwide cancer burdsrrelatively small, but incidence

rates have increased over the last three decadmggtiout the world. This trend has
been hypothesized to reflect a combination of tetdgical advances enabling
increased detection, but also changes in envirotahéactors, including population

exposure to ionizing radiation from fallout, diagtio tests and treatment for benign
and malignant conditions (Schonfeld et al, 2011)e Teath rate from thyroid cancer
has been fairly stable for many years, and remasng low compared with most other

cancers (American Cancer Society, 2013).

Thyroid cancer is within the top twenty most comnoamcers for UK females (number
18) (cancer research UK, 2011). The highest ratethfyroid cancer in the world occur
in Northern America, where the female age-standedirate is 15.1 per 100,000
females, compared with 1.2 per 100,000 females ioldM Africa. Incidence is low in
all parts of Africa (Ferlay et al, 2010). In Sauliabia (SA) thyroid cancer is the
second most common malignancy after breasicetain female patients (Saudi
Cancer Registry; 2008). Outside the Gulf regioniéBis the only country in which
thyroid cancer ranks among the top five cancessitdemales. While in Yemen, the
bulk of thyroid cancer is of the papillary type) other countries like Algeria and
Sudan, follicular cancer is the predominant forin. both the latter countries, the
number of patients presenting with advanceabest of the disease is high (Ghzi
omar et al., 2010).

In Western Libya, according to Sebrata Cancer $ggduring 2006, thyroid cancers

constitute 1.2% of all cancers reported from coNecdata.

The prognosis of PTC is excellent, with an ove@dt to 25-year cancer-specific
mortality rate of 5% (Hay et al., 2002) Some pasehowever, have a worse prognosis
than others. In contrast to staging systems floerocancers, most of those for PTC
take into account the patient’s age, which has lbeend to influence prognosis. In the
TNM system, patients younger than 45 years aresified as having stage | or Il
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disease, with only the presence of distant metastasstinguishing the two. It is
imperative to note that patients in this age gradno have lymph node metastases are
still classified as having stage | disease. Patieiits are age 45 years or older are
categorized into having stage I, Il, 1l, or IV dise depending on tumor size or invasion
as well as lymph node or distant metastases. Intiaadio the prognostic factors
examined in these staging systems, other factats as histologic subtype of PTC, as
well as genetic factors, have been associated avittorse prognosis. The tall cell,
columnar cell, diffuse sclerosing, and insular d¢imgic variants of PTC, as well as
PTCs that contain a mutation in the gene for théBRare considered more aggressive
(Sywak et al., 2004; Xing et al., 2005).

As shown in the current study, mean agepafients with PTC were 36 years,
and 51.6% of our patients were 36 years or yoyritps observation is a same as
comparable to rates described by other investigatokibya (El Mistiri et al, 2010) and
Arab countries such as Egypt, Jordan (Zidan ell@By7), Kuwait (Memon et al., 2002),
Yemen (Abdulmughni et al., 2004). However in UK werates peak in 35 to 39 year
olds. Almost half (48%) of all cases occur in peopged less than 50 years (Cancer
Research UK, 2011).

In our study, we observed that increased PTC in @ogompared with men ( 93.7%)
(6.3%) respectively. In all geographic areas thyroancer is less common among
males, with a female-to-male ratio ranging from @5:1 in most populations (Parkin
et al., 2002). Gender bias in the incidence ofditycancer is well known, however,
the underlying mechanism is largely unknown, Stanld et al. (2012) studied
variations in the molecular characteristics of thgrcancers between men and women.
Testosterone levels in serum and thyroid cancseudis were elevated in women while it
decreased in men compared to respective contralpgroAndrogen receptor (AR)
MRNA expression increased in a majority of men wiitildecreased in a majority of
women except those with FTC. Their study suggedtesl varying pattern of
testosterone level and AR status in thyroid tissifesen and women may predispose to
the gender specific incidence of thyroid tumors androgen mediated thyroid tumor
growth. other explanation for disparities betweeales and females with sporadic

thyroid cancers are biological sex differences whéere is increased levels of female
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hormones during reproductive years, due to pregnavidch increases TSH levels,

potentially leading to thyroid dysplasia and thertancer (Goodman et al., 1992; Negri
et al., 1999; Memon et al., 2002; Zivaljevic kbt 2003). Experimental evidence shows
that TSH stimulation of the thyroid gland can leagroliferative changes of follicular

cells including hypertrophy and hyperplasia, aslwelultimately neoplasia in rodents
(Smith et al., 1987) .

In the current study, we found that 65.6% of PTCGendassic papillary , which is
comparable to previous Libyan finding (Sabrathacer registry, 2006; El Mistiri et
al., 2007).

Ki-67 is a useful tool for evaluating cell proligive activity in various tumors.
Although the utility of Ki-67 labeling index (LIotdiagnose thyroid neoplasm has been
investigated, little is known regarding the relaship between Ki-67 LI and the
biological behavior of papillary thyroid carcinonla.this study, we examined Ki-67 in
32 patients with papillary thyroid carcinoma to @tlate this issue.lt is know that the
Ki-67 LI in PTG is lower than that in breast, lung, stomach ardrcadenocarcinomas
(Katoch et al., 1995). In this study we found lewpression of Ki-67 protein, mean
was 0.3 and 62.5% of patients were below mean 22013is observation is in aligment
with study by Ito and Miyauchi (2012), who obsetwbat In PTC, cell proliferating
activity is generally low. The same observation wiasnonstrated by Ozolins et al.

(2010), who reported the practical use of Ki-6 PIRC is difficult due to low values.

Ki-67 is aprotein expressed in the cell nuclei ih eells except those in the GO
phase(Cattoretti et al., 1992). In our result Ki#Bimunostaining gave brown granular

nuclear reactivity, finely dispersed over the nusle

An interesting finding in our immunohistocheali studies is that the tumor arising
from left lobe show proliferation index more thametright lobe (p <0.028). No
statistically significant correlation was found Wween Ki67 expression in tumors and
other clinicopathological parameters (such as ggeder, histopathological type, tumor

size, extrathyroid extension, multifocality, prestgnce hashimiotothyroiditis).

In this study, we examined the expressiod é&ocalization of P53 protein in a

subset of PTC, the results showed that a nucleaniisg) pattern. These results are in
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general agreement with several studies becau8epRiein is a DNA — binding
protein localized to the nucleus (venot et al.,8)99

In current study the expression of p53 protein l@as mean value was 0.13, 75%o0f
tumors were below mean(24/32), and This findisgcansistent with finding of Ito et
al. (1992), Donghi et al.(1993), Fagin et al.(1998gdenius et al.(1996), Park et
al.(1998), Horie et al.(2001), Karlidag et al.(2pQhey observed p53 immunoreactivity
was present, faint (grade 1) staining in a smathiper of cells in PTCs, normal thyroid
tissue had no immunoreactivity for p53. Althougbbashi et al. (1993), Chen et al.
(1999), Naomi morital et al. (2008) reported tleroexpression of p53 protein in PTC.

Results from the present study indicate that theredesed P53 expression was
significantly associated with tumor localizationntor arising in both lobes show low
expression of p53, also tumor arising in left lavan right lobe express low P53(p <
0,06). However tumor express P53 associated witiphatic invasion and show border

line significant (p <0.08).

No statistically significant correlation was fouhdtween P53 expression in tumors and
other clinicopathological parameters (such as ggedler, histopathological type, tumor
size, extrathyroid extension, multifocality, preisggnce hashimiotothyroiditis).
Asimilar finding has been reported by Demetdpaoioglu et al. (2006). Also
Szybisk etal. (2001) reported no influence of expressiorclinical course of the well
differentiated thyroid carcinoma has been foundr&¥@rognoses have correlated with

poor differentiated thyroid cancer cases and wiibng) expression of p53 protein.
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6.Summary and conclusion

Thyroid cancers are quite rare, accounting for dn§% of all cancers in adults
and 3% of all cancers in children. The prognosispfpillary thyroid carcinoma
is favorable.

In Western Libya, thyroid cancers constitute 1.2P@lbcancers reported from
collective data.

Among 32 patients involved in the current study &3vere males and 93.7%
females. The mean age of patients with PTCews6 years.

The tumor arising from left lobe show proliferatiomdex (Ki-67) more than the
right lobe (p <0.028), also decreased P53 expnesgas significantly associated
with tumor localization, tumor arising in both Idbghow low expression of p53,
also tumor arising in left lobe or in right lobepegss low P53(p < 0,06).
However tumor express P53 associated with lymphat@asion and show

border line significant (p <0.08).
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Recommendations

Establishment of electronic archives to liete collection of data for
further studies in the future.

Provision of the National cancer registfy Libya, to give more precise
information.

Provision of the National Guidline in histopatbgy reporting.

The members of Oncology, Pathology, Surgon andidRagy must work as
one team for more productive result.
lodine deficiency has been postulated to be orthekey factors in the rise of
thyroid cancer cases. Salt iodization programss,tihave been suggested as
effective counteractive strategies.
screening programme should be done for familialutiad; thyroid cancers.
Molecular testing is cost saving and should be ddae cytologically
indeterminate FNA because it predominantly leadréduction in two-stage
thyroidectomy.
Further studies with larger numbers of patientgsrtive the significant effect of

Ki-67 and P53 as markers of progression and preigramnong Libyan patients.
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