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ABBREVIATIONS

IHC — Immunohistochemistry

RT-PCR — Reverse Transcriptase Polymerase Chain Reaction
TPO — Thyroid Peroxidase

COX-2 — Cyclooxygenase-2

onfFN — Oncofetal Fibronectin

HMGI — High-Mobility Group |

CT — Computerized Tomography

MR — Magnetic Resonance

PET — Positron Emission Tomography

FDG - 8F-fluorodeoxyglucose

Tg — Thyroglobulin

FVPTC — Follicular Variant of Papillary Thyroid Carcinoma
RAI — Radioiodine Ablation

EBRT — External Beam Radiotherapy

WBS — Whole-Body Scan
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Abstract

Thyroid cancer is rapidly increasing in incidence, yet the mortality rate remains
relatively constant. Given its’ favorable prognosis and great success in treatment of
the most common types, it is currently debated, whether the incidence rise should
change the way the screening is performed and affect the established treatment
guidelines. In this literature review four of the most prominent thyroid gland cancers
and their management options are presented; papillary, follicular, medullary and
anaplastic carcinomas. The appropriate approach to surgical management for thyroid
cancer is discussed, as some researchers advocate partial and others total
thyroidectomy. There are advocates of prophylactic central cervical lymph node
dissection through radical procedures, whereas other experts recommend
lymphadenectomy in only specific cases. Radioactive iodine application in both
treatment (ablation) and diagnosis (scanning) are also debated in terms of their
specificity, sensitivity, dosage and conjunction with other methods. Chemotherapy is
currently actively researched, as the traditional cytotoxic drugs are giving way to newer
targeted agents, that promise to both decrease the rates of adverse effects and assist
in treatment of poorly differentiated aggressive cancers. For palliation of terminally ill
patients and management of distant metastases with unfavorable prognoses external
beam radiation is traditionally used and continues to serve as a back-up therapy in
cases of iodine-negative tumours. Additionally, follow-up strategies are briefly
presented to give an overview of up-to-date research data, that reflects the extent of

management success and the improvement in the quality of life.

Keywords: Thyroid cancer, thyroidectomy, radioactive iodine ablation, chemotherapy,

external beam radiation



Sazetak

UcCestalost karcinoma StitnjaCe brzo raste, ali stopa mortaliteta ostaje relativno
konstantna. S obzirom na njegovu povoljnu prognozu i veliki uspjeh u lijecenju
naj¢escih vrsta, trenutno se raspravlja o tome bi li porast u€estalosti trebao promijeniti
nacin provodenja probira i utjecati na utvrdene smijernice lijeCenja. U ovom radu,
predstavljena su Cetiri najznacajnija karcinoma stitnjaCe i njihove mogucnosti lijeCenja;
papilarni, folikularni, medularni i anaplasti¢ni karcinomi. Raspravlja se o prikladnom
pristupu kirurSkom lijeCenju karcinoma StitnjaCe, jer neki istraZivaCi zagovaraju
djelomi¢nu, a drugi totalnu tireoidektomiju. Postoje zagovornici profilakticke disekcije
centralnih cervikalnih limfnih &vorova koristeéi se radikalnim postupcima, dok drugi
struénjaci preporucuju limfadenektomiju samo u odredenim slu€ajevima. O primjeni
radioaktivnog joda u lijeCenju (ablacija) i dijagnozi (skeniranja) takoder se raspravlja u
pogledu njegove specifiCnosti, osjetljivosti, doziranja i povezanosti s drugim
metodama. Kemoterapija se trenutno aktivno istrazuje, dok tradicionalni citotoksicni
lijekovi ustupaju mjesto novijom ciljanom terapijom, koja obe¢ava smanjenje stope
Stetnih ucinaka kao i pomoc¢ prilikom lijeCenja slabo diferenciranih agresivnih
karcinoma. Za palijativhu skrb neizljeCivih bolesnika i lije€enje udaljenih metastaza s
nepovoljnim prognozama, tradicionalno se koristi vanjsko zraenje i nastavlja sluziti
kao rezervna terapija u sluCaju tumora koji su jod negativni. Takoder, ukratko su
predstavljene strategije pracenja pacijenata radi boljeg pregleda najnovijih podataka

istraZivanja, koji odrazavaju opseg uspjeha terapije kao i poboljSanje kvalitete Zivota.

Kljuéne rijeCi: Karcinom StitnjaCe, tireoidektomija, radioaktivna jodna ablacija,
kemoterapija, vanjsko zracenje



Introduction

There are four major types of thyroid cancer, some of which are much more common
than others, depending on the epidemiological situation of a given geographic area.
How these cancers are treated, what and which surgery is necessary, and whether or
not radioactive iodine, some sort of chemotherapy, or additional therapies are needed,
depends on which type of thyroid cancer is presented. In order to recognize and plan
a therapy course a definite diagnosis must be established using a variety of diagnostic
procedures or their combination and appropriate methodology. When a suspicion for
new neoplastic disease arises, not only a presence of the lesion needs to be visually
confirmed, but also a histopathological evaluation must be performed. This enables
not only the establishment of the type of thyroid cancer, but also assists in staging.
Typing and staging have great importance in how they affect the planning of the
therapy and the prediction of the outcome. In the following literature review
epidemiology, presentation, diagnosis, treatment options and follow-up of thyroid

cancer will be discussed.



EPIDEMIOLOGY

Incidence

Cancer of the thyroid gland is the most common endocrine malignancy. It accounts for
1.9% of all newly diagnosed tumours in the United States (excluding melanomas and
in situ carcinomas), which translates to approximately 25,690 new cases annually (1).
The incidence of thyroid cancer increased from 7.1 per 100,000 in 2000 to 17.6 per
100,000 in 2013 (2) and the reason for the sharp surge is currently debated, but
inclined to be caused by improvement in diagnostic techniques, such as fine-needle
aspiration (FNA) and ultrasonography, yet some argue, that the reason might be
overscreening, as the detected tumours are incidental and occult (3, 4). The age-
adjusted incidence rate was 11 per 100,000 persons in 2006, with a 3-fold higher rate
in women; female to male ratio of 16.3:5.7 (5). The worldwide incidence varies
geographically, with South Korea being the highest over 260 cases per 100 000
women aged 50-59 in 2008-2012 (a 24.2% increase in the past two decades), while
Croatia having 35 cases per 100 000 women aged 55-64 years (6). Geographic
differences can be explained in part by volcanic eruption activity and the resulting ash,
because fluoride found there is inhibiting iodine symporter and subsequently altering
uptake, such is the case in Hawaii and Iceland (7). Thyroid cancer is very rare in
children under the age of 15. Annual U.S. incidence in this population is 0.2 per
100,000 girls and 0.09 boys (8). The annual incidence of thyroid cancer increases with

age, peaking between 100 and 120 per million by the age of 50 to 80 (2).

Prevalence

The prevalence varies sharply among geographical areas, statistical methodology
applied and population. At the 1927 International Conference on Goiter Carl Wegelin
proposed, that thyroid cancer was more common in areas of endemic goiter, with
frequency at autopsy varying from 1.04 percent in central Switzerland, an endemic
region, to 0.09 percent in Berlin, a non-endemic region (9). Reports of autopsies vary

from 0.03% to over 2% and even as high as 35.6% in Finland, when microcarcinomas
4



are taken into account (7, 10). The wide scatter of the results comes from the
differences in histopathological protocols.

Foci less than 1 cm in diameter can be defined as papillary microcarcinomas, which
can be further classified as “tiny” (5—10-mm diameter) and “minute” carcinomas (<5-
mm diameter; 10). Minute papillary carcinomas are considered clinically benign and
rarely exhibit any pathologic course. However, reports of distant metastases that arise

from minute papillary carcinomas occasionally emerge (11).

Mortality

Over the course of the past 50 years the mortality from thyroid cancer has been
decreasing. For the male population at the annual rate of -2% to -3%, with an exception
for United States, where it took up in the ‘80s, and for the female population at the rate
of -2% to -5%, again with the exception for U.S., UK and Australia, where it similarly
increased thereafter (12). Between 2008-2012, most countries had mortality rates
(age-standardized, world population) between 0.20 and 0.40/100,000 men and 0.20
and 0.60/100,000 women, where the highest were in Latvia, Hungary, the Republic of
Moldova and Israel (over 0.40/100,000) for men and in Ecuador, Colombia and Israel
(over 0.60/100,000) for women (11).

Distribution by Histological Type

The proportion between two main types of differentiated thyroid cancer, namely
follicular and papillary depends on the dietary iodine uptake (13). Papillary cancers
prevail in iodine-sufficient regions e.g., Iceland, where the proportions were 85% with
papillary and 15% with follicular cancer from 1955 through 1984 (14), while in Bavaria,
Germany, an iodine-deficient region, the proportions were 35% papillary and 65%
follicular during 1960-1975 (15). The introduction of iodine supplementation in the
endemic goiter regions resulted in an increased proportion of papillary cancers, while

still improving the life expectancy (16).

Medullary carcinomas comprise nearly 5-10% of thyroid carcinomas, while 80% are

sporadic and 20% familial MEN-II related. The sporadic form affects females in their
5



50-60’s and 50% more common than in males. MEN lla-related medullary carcinomas
present in the first and second decades of life, and MEN lIb-associated present during
the first decade of life. Familial non-MEN medullary thyroid carcinomas present in the
6th decade and beyond (17).

The remainder of thyroid gland malignancies account to anaplastic cancer. Its’
incidence has declined and contributed to the reduction in overall thyroid cancer
mortality. The peak incidence of anaplastic cancer is in the 7th decade with the female
to male ratio of 1.5 (18).



HISTOPATHOLOGY

One cannot underestimate the importance of pathology of thyroid cancer as its’ role is
fundamental in the pathogenesis, management and the prospect for the patient. Thus,
the histological features, essential for the classification of different tumours must be

henceforth reviewed.

The term “follicular” might be confusing, as it is extensively used in many ways. All
thyroid carcinomas, with the exception for medullary type, arise from follicular
epithelium — the functional cell type of the thyroid gland. Another usage for the term
“follicular” is a specific architectural form, synonymous with “acinar” or “vesicular”.

Finally, one recognizes follicular carcinoma as a distinct type of thyroid cancer.

One more important note has to be made about the capsule, to which pathologists
may refer with a different regard. Normal thyroid anatomy presupposes an almost
invisible, a few cells of thin layer organ capsule, which is often absent in some regions.
This arbitrary toponym is used as a point of reference to classify tumours that invade
beyond the organ’s margins, although some prefer the usage of “extrathyroidal
extension”. The second capsule, namely the tumour capsule — a fibrous layer around
the neoplastic epicenter, is what becomes relevant when talking about the evaluation
of specific subtypes of cancers, e.g., minimally invasive follicular and Hurthle cell

carcinomas (19).

Differentiated Thyroid Cancer: Papillary Carcinoma

One of the main classifications of follicular neoplasms is based on their level of
differentiation. As the tumours appear well differentiated one can further subdivide

them into two major groups: the papillary and follicular carcinomas.

Papillary carcinoma is distinguished by nuclear changes, such as enlargement,
pseudoinclusions, hypochromasia, grooves and marked nucleoli. When fixated in
formalin and cleared of chromatin the nucleus shows “Orphan Annie eyes”, as well as

less specific calcifications called Psammoma bodies (which should hint to look for

7



microcarcinomas; 19). The classic variant of this tumour has arborising papillae with

fibrovascular centers.

Majority of papillary cancers do not possess a capsule and invade the parenchyma,
but in around 10% of cases there is a defined fibrous capsule, otherwise presenting
with a typical architecture (20). The reason why the encapsulated variant is distinct is

that its’ prognosis is usually better than other follicular subtypes.

As discussed above, sometimes the terminology might be ambiguous, such is the case
with a follicular variation of papillary carcinoma. Its’ architecture is composed of
follicles, similar to follicular adenomas, yet the nuclear changes are identical to the

classic papillary type of thyroid cancer (20).

In addition to nuclear changes and papillary structure some types exhibit a large
cytoplasm, which makes the cells twice or more as tall. If these elongated cells
comprise at least 70% of the total number it is considered a Tall Cell variant, which
usually also has mitoses (19).

Rarely a papillary carcinoma shows marked sclerosis, psammoma bodies and
lymphocytic infiltrates, usually involving the whole lobe or even entire gland. Because
of its’ specific appearance it is called Diffuse Sclerosing variant, or the aggressive

variant, extending more often than the others extrathyroidally.

Differentiated Thyroid Cancer: Follicular Carcinoma

Not to be confused again with the nomenclature, follicular carcinoma is different from
a follicular variant of papillary type. The follicular one is subdivided into two major
variants — the Follicular and Hurthle cell. The follicular group lacks the aforementioned
nuclear changes, present in papillary type, classified as either minimally or widely

invasive.

The minimally invasive follicular carcinoma is macroscopically similar to follicular
adenoma, yet surrounded by a well-marked fibrous capsule, unlike the latter. The
tumour normally consists of microfollicles with colloid or tumour nests and diagnosed
by at least one of the two criteria: invasion outside the tumour capsule, and/or invasion

into neighboring blood vessels. (21)



The widely invasive carcinoma can be grossly differentiated from benign tumours by
a visible to the naked eye invasion. Capsule, which is thick in the minimally invasive
variant, may be indistinguishable. Aside from the similar microfollicular colloid
aggregates and solid nests widely invasive carcinoma may present necrosis and

mitotic activity.

Medullary Carcinoma

Medullary carcinoma arises in the middle to upper 1/3 of the thyroid — an anatomical
location of the C cells. It most often arises sporadically, yet in 20% of cases it is a part
of hereditary syndrome, which is more commonly bilateral and multifocal (19).
Macroscopically it is well defined and usually doesn’t have a capsule. Microscopically
medullary carcinoma may take non-specific patterns, seen in other malignancies, yet

the most common appearance is solid or with nests resembling insular carcinoma.

The cells of the tumour are spindled or plasmacytoid. Characteristically they contain
pink amyloid aggregates on H&E preparations in around 80% of cases, that can be
confirmed with Congo Red stain. The amyloid is revealed by polarized light after the
staining, showing light green coloration. Specific, but positive in only about 80% of
cases, is the immunohistochemical staining for calcitonin. Additionally, one can use

neuroendocrine markers, such as chromogranin.

Undifferentiated Thyroid Cancer: Anaplastic Carcinoma

This thyroid carcinoma arises from the follicular epithelium and characterized by
minimal or no differentiation, hence anaplastic. It invades widely into the perithyroidal
tissues and may entirely replace the thyroid parenchyma at the time of diagnosis.
Macro- and microscopically anaplastic carcinoma shows hemorrhagic regions and
appears necrotic. Cytologically there is usually a pattern or a mixture of patterns,

varying between spindle, squamoid and pleomorphic cells.

The spindle pattern is similar to a high-grade undifferentiated sarcoma, squamoid
resembles a squamous cell carcinoma and pleomorphic, sometimes called Giant Cell,

shows odd cell shapes. Nevertheless, it readily reveals malignancy and challenges
9



the definition of the tissue origin, as the tumour is seldom positive for specific markers.
In this case clinical history becomes crucial for the determination of pathogenesis, as

anaplastic carcinoma may be primary, dedifferentiated or a secondary tumour. (22)
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DIAGNOSIS

Solitary Nodule

In clinical practice one frequently stumbles upon palpable nodules that require a
thorough assessment. A high proportion of these findings is multinodular, despite
being initially considered as solitary. Autopsy reports show up to 50% prevalence of
thyroid nodules and ultrasound check-ups identify those in 13-40% of patients, that do
appear clinically silent (21). In order for the nodule to be recognized by palpation its’
size must reach 1 cm in diameter, otherwise smaller lesions are found on ultrasound
examinations and are dubbed incidentalomas.

The differential diagnosis of a nodular finding may be attributed to a wide range of
pathologies. Most of these would be colloid adenomas or simple follicular adenomas
with the prevalence of 27-60% and 26-40% respectively (22). Based on the relative
iodine absorbance by these tumours on a radionuclide scanning one can classify those
as “hot”, when they exhibit hyperfunction. Their prevalence is around 5% and there is
an association with the size of the tumour and clinically significant hyperthyroidism.
For instance, out of all cases with nodules smaller than 3 cm hypothyroidism was found
in 2% of them, whereas in nodules greater than 3 cm hypothyroidism was found in
20% of the cases (23). Classically elevations of both T3 and T4 are seen in these
autonomous lesions, yet sometimes only one of the iodothyronine subtypes may be
pronounced. Rarely undetectable changes in the levels of thyroid hormones can be
assessed only with a sensitive serum assay, which is why it is no rule that the toxic
nodules would always exhibit apparent elevations in aforementioned molecules.
Among all the palpable nodules 10-14% represent malignancies (23, 24). Out of those
majority (70-75%) are papillary carcinomas, followed by follicular (20-25%) and finally
3-5% medullary and anaplastic carcinomas. Autopsy reveals occult thyroid

malignancies in 6% of cases in U.S. whose clinical significance is negligible (25).
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Physical Evaluation and History

The most important risk factor for thyroid cancer formation is the patient’s exposure to
radiation. In order to assess its’ outcome, it is crucial to determine the age at which
the exposure occurred, the body region and the characteristics, such as type and
dosage. The radiation causes thyroid neoplasia with a linear relationship up to 1800
rad. 16-29% of patients in U.S. who received head and neck irradiation in their
childhood presented palpable nodules, among which one third were carcinomas (26).
It is important to mention, that external irradiation for treatment of Hodgkin’s lymphoma
of more than 2000 rad or from iodine-131 for toxic goiter doesn’t appear to be causing
development of thyroid carcinoma.

Accelerated thyroid enlargement in women with Hashimoto’s thyroiditis, especially
above 50 years of age, thyroid lymphoma should be suspected. Radiologically these
lesions are “cold”, often accompanied by diabetes. Medullary carcinoma should be
suspected as a part of MEN syndrome, when there is a family history of mucosal
abnormalities, hypercalcemia or pheochromocytoma. Rarely a familial incidence of
benign goiter or deaf mutism may be connected to Pendred’s syndrome, increasing a
chance of malignancy (22).

Although clinical symptoms are more prevalent in malignant tumours only 5-10% of
cases exhibit signs of lymphadenopathy, hard nodules, pain, tenderness and/or vocal

cord paralysis, all of which should raise suspicion of cancerous formation.

Fine-Needle Aspiration

This method is considered the best preoperative procedure for acquiring
histopathological samples. The highest success is achieved using 22-25-gauge
needles, yielding in the same time the lowest complication rate (27). False negative
results usually stand at 1% and false positives at 2%. Despite not being a true needle
biopsy, that is still sometimes used, FNA delivers a significantly lower morbidity (28).
In order to improve the results of the procedure it is performed under ultrasound
guidance. The goal is to acquire cellular material for further cytologic analysis, which
helps to distinguish between benign, suspicious and malignant nodules. Overall, in the

past decades the application of this method helped to reduce undesired surgical
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thyroidectomies by 50%, which carries a great health and economic value (29).

Another way FNA can be used is to sample lymph nodes and to measure thyroglobulin

MRNA for an additional cytologic evaluation (30).

This is a minimally invasive procedure, different from needle biopsy, and considered

very safe. It uses a syringe holder and plastic hub needles. There is no suction, which

is essential, as the aspirated material is suspected to cause seeding.

In order to execute the procedure, we would require:

1)

2)
3)

4)
5)

6)

A syringe holder or a handle which is integral. An example would be the
Cameco Syringe Pistol or the Aspir Gun.

Disposable plastic syringes of 10 or 20 cc. volume.

Disposable needles ranging from 22 to 25 gauge with a length of 1 to 1.5 inch
with plastic hubs.

Frosted end glass slides.

Hemacytometer cover glass. This would be used to smear the aspirated sample
on the glass slide.

Staining solution, commonly used one is the Diff-Quik stain.

Before the procedure begins, the patient would anesthetize the desired area with a

simple ice pack. Once it is done the procedure goes as follows:

1)
2)
3)
4)
5)

6)

7

The nodule is pinched between the fingers of the nondominant hand.

The skin is disinfected using ethyl alcohol.

The skin is pierced perpendicularly.

The needle is moved back and forth until fluid is seen in the hub, if this doesn’t
happen, then suction might be applied using the plunger.

When there is 2-3 cc of aspirate, or 10 cc if the lesion firm release the plunger
and withdraw the needle.

The aspirate clots promptly, therefore a rapid preparation of the smear is
important.

The slide can be examined by the pathologist.

A thorough following of the steps ensures a quality preparation and yields accurate

results for the establishment of a correct diagnosis.

13



Cytological and Biochemical Markers

The results obtained by the microscopic histopathological examination after
preparation of the tissue using FNA procedure do not always deliver a definite
diagnosis. Often (in 10-30% of the cases) the conclusions are ambiguous and thus
require further study to avoid unnecessary surgical intervention, which otherwise leads
to 75% of the patients undergo a removal of a benign lesion. In order to prevent this
and identify a correct etiology a number of biochemical and molecular markers can

help to discern a malignancy.

Galectin-3, a B-galactoside-binding lectin, playing a role in adhesion, cell cycle
and apoptosis, was proposed as a valuable marker. Immunohistochemical staining
(IHC) showed that both follicular and papillary cancers were positive for Gal-3,
whereas the benign tumours appeared negative (31). In order to confirm its’ presence
both IHC and reverse-transcriptase polymerase chain reaction (RT-PCR) can be used.
For IHC the results of a subsequent study yielded 100% sensitivity and 98% specificity
(32), moreover, when the examination included minimally invasive tumours, which are
problematic for standard FNA technique, this method was found to improve the
sensitivity from 75% to 89% (33). RT-PCR establishment for this marker resulted in an
increase of sensitivity, yet the specificity decreased under an acceptable threshold, for
the gene expression is found in all of the tumours, rendering it unusable (34). Gal-3

IHC is available and useful for determination of thyroid malignancies.

Telomerase, an enzyme found is stem cells and lymphocytes, regenerates
chromosomal ends that are unstable. After each cell division the lagging strand fails
to complete its’ synthesis, thus shortening occurs. In order to prevent cells from
becoming senescent telomerase replenishes these endings. This mechanism is
absent in terminally differentiated cells, such as epithelium, but exists in malignant
ones, facilitating their immortalization. The development of the methodology to use
telomerase as a biomarker began with a TRAP (telomerase repeat amplification
protocol) — a PCR study, where no activity was detected in benign tumours in contrast
with 61% of malignant ones. Unfortunately, follow up studies found a high variability in
sensitivity and specificity of the assay in the distinguishment of the malignant from
benign tumours, additionally to insufficient amount of material extracted by the FNA

(35). Because of that the detection of telomerase activity was proposed to be assessed
14



by RT-PCR of the human telomerase gene (hTERT). The results of FNA specimens
investigated using hTERT RT-PCR showed 93% sensitivity and 90% specificity, which

serves as a helpful tool for malignancy evaluation (36).

Thyroid Peroxidase (TPO) is an enzyme, that facilitates thyroglobulin
iodination, oxidation and iodothyronine coupling. It is suggested that in the progression
of adenomatous lesions to cancerous its’ function is lost. For this reason, TPO was
examined as a biomarker for malignancy assessment using IHC staining. The
obtained results showed an inversely proportional correlation between the cellular
atypia and TPO expression (37). Furthermore, another study’s findings presented a
100% sensitivity and 99% specificity, proving the TPO IHC staining a reliable method
for distinguishing between benign and malignant nodules (38).

Cyclooxygenase-2 (COX-2) facilitates the formation of prostaglandins from
arachidonic acid when induced in pro-inflammatory state by growth factors, oncogenes
and carcinogens. Some associations were found between the presence of COX-2 on
IHC staining and thyroid cancer, as well as the presence of COX-2 mRNA, although

currently its’ usefulness in diagnostic evaluation is yet to be confirmed (39).

Cadherins are glycoproteins, involved in cytoarchitecture and adhesion. A
member of this group, E-cadherin, plays a role in tumour suppression. It was found to
be downregulated in aggressive and undifferentiated carcinomas, but its’ usefulness
was proven in prognosis of the disease. A more important for diagnosis marker is the
CD44 — cell surface glycoprotein, a known hyaluronic acid receptor. In malignant
tissue it is altered, giving off isoforms among which is CD44v. Attempts to use isoforms
v2, v3 and v6 yielded mixed results, showing a variable sensitivity and specificity
rendering it inadequate as a standalone marker (40). However, the usage of CD44v6
in conjunction with Galectin-3 improved the specificity to 98% and sensitivity to 88%,
resulting in 97% diagnostic accuracy, which does prove its’ usefulness in the

aforementioned conditions (41).

Oncofetal Fibronectin (onfFN) are glycoproteins found in extracellular matrix
that serve as adhesion macromolecules. It was demonstrated after RT-PCR
amplification, that onfFN expression is significantly increased in anaplastic and

papillary carcinoma specimens (42). In a follow-up study the same team of researches
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demonstrated a sensitivity of 96.9% and 100% specificity for RT-PCR onfFN assay
(43). This a useful marker in papillary malignancy, although it doesn’t distinguish

follicular adenoma from carcinoma.

RET is a proto-oncogene encoding for tyrosine kinase, usually not expressed
in a normal thyroid gland. The RET/PTC mutation is specific to papillary carcinoma,
which suggested its’ usage in the diagnosis of said tumour. Notable is that patients
who underwent radiation exposure show RET/PTC mutation in both benign and
malignant lesions (44). Despite its’ high specificity for papillary carcinoma RET/PTC

marker is still questionable in the diagnostic domain and requires further research (45).

High-Mobility Group | (HMGI) represents a family of embryonic proteins that
serve as chromatin organization regulators. It is specifically found in thyroid
malignancies (46). A study conducted a wide research of histological samples and
determined both 100% sensitivity and specificity for IHC and RT-PCR, which showed
a rather inspiring future for this marker to be diagnostically applied (47).

BRAF is the infamous serine-threonine kinase that leads to a malignant
transformation. BRAFV>9E js a specific mutation for papillary cancer, that isn’t found it
a normal thyroid. In FNA samples of said tumours this mutation was found in 50% of
cases, where there was ultimately none in benign lesions (48). The superior specificity
of those findings, although being not as frequent, may serve as a helpful tool for

preoperative decision making.

The investigation of potential markers continues and their number grows every year.
To emphasize the extent of ongoing research a number of promising biochemical
findings, such as Epithelial Membrane Antigen, CD57, NM23, Aurora B,
Ceruloplasmin, CK19 and many others might be listed. Current application of verified
TPO and Galectin-3 is only the beginning. A combination of dozens and even
hundreds of genes can be applied to cross-match the specimens for their identification
and clearly, it is anticipated that FNA sample molecular markers will be utilized ever

more.
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Radionuclide Imaging

Thyroid scintigraphy is nuclear imaging of the thyroid gland in the neck. Also called a
thyroid scan, this test can provide important information about the shape of the thyroid
as well as the level of its function. Its’ principle is based on the fact that nodules with
a low malignant potential exhibit a high uptake of radioiodine, compared to normally
functioning tissue. Another important feature is the low or absent uptake of the iodine

tracer by cancerous lesions.

The radiopharmaceuticals that are commonly used are lodine-131, lodine-123 and

technetium-99m pertechnetate.

1311 is produced from either bombardment by neutrons or recycling of fuel rods
from a nuclear power plant. Its’ half-life is eight days and undergoes a [3-decay. It can

be used for uptake measurement, imaging as well as for therapy.

123] js made in a cyclotron using either a (p,5n) technigue, which delivers a pure
isotope with almost no admixtures of other types, or (p,2n) that has some high-energy
gamma radiation, which provides a poorer image quality and higher irradiation dosage.

Its’ half-life is 13.6 days and decays through electron capture.

®MTc is extracted from molybdenum-99. Its’ half-life is only 6 hours, which
requires either a swiftly available transport to the hospital, or presence of a generator

in the facility itself.

Because of high dose absorbance lodine-131 isn’t used anymore for scanning
purposes. For scintigraphy with lodine-123 we use dosages of 200-400 uCi (7.4-14.8
MBq) and the image is taken from 6 to 24 hours after the administration. For
Technetium the dosage is around 10 mCi (370 MBq) and the imaging is performed
shortly after 20-30 minutes (49). In order to capture the image a gamma camera with
a pinhole collimator is used. An important remark has to be made on the phenomenon
of “parallax” — a geometrical distortion that can alter the anatomical location, if the
angles are not taken into an account when using a collimator. Thus, we need to use
topographical markers on the skin. The positions in which the scan is made are

anterior, left-anterior oblique and right-anterior oblique. The results help to assess
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whether the nodule is hot, warm, cold, intermediate normo- or hyperfunctioning and

the image completion is finalized within 30 minutes to an hour.

A study, interpreting the results of the scan, found cold nodules in 21% of patients
aged 15 to 16 and in 44% of patients aged 65 and above. Thyroid cancer was found
in 25% of cold nodules in the 45-65 ages group and in 25% of 65 and older (50). When
the nodule is designated as intermediate, normofunctioning or warm it usually means
that no abnormality was found or the function cannot be assessed. Posterior nodules
can be obstructed by the normal anterior tissue, or inversely a small anterior lesion
can become invisible on the background of underlying normal gland, thus cold nodules
may appear warm on the scan. A report showed that about 9% of intermediate results

were actually malignant (51).

Hot nodules symbolize an increased uptake. It usually means that they are
hypertrophic and are under the control of thyrotropin or they can be functioning
autonomously if they are dysregulated. Rarely, in 1-4% of cases such nodules harbor
malignancies and will be designated as “coexisting thyroid cancer and
hyperfunctioning nodule” (51). This can be explained by either their coexistence in the
same gland but different positions, hyperfunctioning nodule close to an adenoma,
hyperfunctioning carcinoma or a large tumour that competes with a normal tissue for
the iodine uptake. Sometimes an appearance of “owl’s eye” is seen when a cold

nodule is found within an autonomous hyperfunctioning area (52).

Radioiodine scans differ from %°*MTc scans in that the former represents organification
of iodine, while the latter signifies trapping of the tracer within the tissue. This
represents a discordance between the results of the two scans, which occurs in around
5-8% of the cases (53). The argument for usage of one of the two exists. On one hand
lodine-123 yields a superior image quality, however some advocate for the usage of
Technetium because of its’ low cost and rapid imaging within the first 30 minutes after
administration. Although if only the Technetium scan is performed without any
subsequent lodine-123 evaluation then there is a risk to miss a malignancy in 1 in
1000 cases.

Despite the valuable utility of scintigraphy in the past, its’ role today is being surely

replaced by FNA technique. One of the reasons is the insufficient ability to triage
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preoperative patients to either undergo a surgery or get a further FNA examination.
Not to be mistaken, scintigraphy is still valuable in assessment of hyperthyroidism,

suppressed TSH or supportive in inadequate results of biopsy sampling.

Ultrasonic Imaging

Ultrasonography represents a prominent method of thyroid gland imaging and outlines
the presence of nodular lesions before it is found by palpation. It possesses a great
real time resolution power, undoubtfully safe, low cost and widely available. Ultrasound
scanning is a subjective art; skill improves with experience. A diligent search for the
solution to the clinical problem is required. The principle lies in intermittent generation
of a pulse of sound wave energy that reflects from the tissue and received by the
probe. The amplified frequency currently used lies between 5 and 15 MHz, which
enables penetration of the tissue up to 5 cm deep and allows high resolution of
structures as small as 2 mm in diameter. To minimize the distortion and provide better
quality linear transducers are preferred over sector ones. In regards to the
weaknesses of ultrasonography it is necessary to mention large tumours, that could
cause issues with depth penetration, distortion caused by air-filled structures such as
trachea, calcified deposits and substernal location of tumours. For the acquisition of
the best results the patient needs to be lying supine with his neck maximally extended.
Any anatomical abnormalities must be noted and the nodules of interest palpated.
Scanning begins from the xiphoid process up to the chin. Tumours in patients with
thyroid cancer must be examined in both transverse and longitudinal planes. One
shouldn’t neglect the examination of carotid sheath for identification of enlarged lymph
nodes, while adenopathy can be distinguished from esophagus when the patient is
asked to swallow water, as the image is obtained in real time and the movement is

seen on the screen.

Doppler imaging enhances the visualization with qualitative and quantitative
analysis of the blood flow. The indication is both of the direction of flow by phase shift
and the velocity by frequency shift. It is useful to rate the degree of vascularization in
order to differ blood vessels from cystic spaces and hypoechoic nodules. Investigation

of cervical lymph nodes with colour flow Doppler revealed a significant difference in
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the vascular patterns, distinguishing benign and malignant lymphadenopathy with
93% sensitivity and 86% specificity (54). Otherwise, besides the usefulness in
detection of diffuse hyperemia in patients with Grave’s disease, Doppler imaging in

cancer evaluation is being investigated (55).

Ultrasound-Assisted FNA is usually reserved for a range of specific conditions
(56):

1) Exceptionally deep nodules in overweight, muscular or thick-framed patients.
2) Exceptionally small nodules.

3) Nonpalpable lesions.

4) Incidentalomas with risk factors.

5) Complex degenerated nodules.

6) Nonpalpable adenopathy.

There is a variety of transducers, that can assist in a certain type of sampling. The
examples would be attachable needle guides or special biopsy probes. Sonography
was found to be useful in aspiration of 45% of previously nonpalpable nodules, while

52% were identified only with the usage of ultrasound (57).

Ultrasonic imaging is extremely valuable in the follow up of postoperative
thyroidectomy, because it can detect growing nodules way before it can be palpated,
periodic screening of recurrent carcinoma, assist in surgical management and reveal
residual tissue, all of which is discussed in the relevant chapters. However, by itself it
cannot substitute conventional methods of diagnosis. The correlation between
ultrasonic findings and histopathological analysis is only partial. Sonography doesn’t
reliably differentiate benign and malignant lesions, although advancements were
recently made vyielding 88% sensitivity and 91% specificity when using Thyroid
imaging reporting and data system (TI-RADS) (58). Automatic and objective models,
like the Deep Learning Radiomics of Thyroid (DLRT) for the differential diagnosis of
benign and malignant thyroid nodules from ultrasound images are being currently
employed with some remarkable results (59). Diagnostic imaging field is currently at

the verge of revolutionary changes brought by ever growing number of neural network-
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based models. It is anticipated in the near future, that many modalities will be
reviewed. The increasing number of methods for data extraction are promising to
utilize previous observations to deliver more precise results both qualitatively and

guantitatively.

Computerized Tomography (CT) and Magnetic Resonance (MR)

Imaging

Over the years, there has been an increase in the discovery of thyroid cancers, likely
because of the marked increased utilization of CT and MR imaging. The application of
both imaging methods of the head and neck has led to the incidental discovery of
thyroid nodules, that may be as great as 20% of patients being diagnosed with thyroid
cancer. As discussed previously, these incidentalomas may be found in up to 40% of
the population, which raises a question as to when incidental lesions should be
evaluated further for a possible thyroid cancer is extremely controversial and difficult,
given the high prevalence of thyroid lesions detected by both CT and MRI. The primary
role of MR and CT in the evaluation of thyroid cancer is in the follow-up of recurrent

thyroid cancer.

CT is in principle an x-ray beam generator with a detector, that after a series of
irradiations calculates and presents using algorithms a multidimensional image of
numerous tissue slices. The total time taken to perform the modality may be under a
minute. In order to enhance image quality and differ the structures of interest from the
rest of the tissue contrasts can be used. However, a scintigraphic evaluation by iodine-
123 can heavily alter those results for as much as 3 to 8 weeks. The advantages of
CT scanners are widespread availability, ability to perform 1-3mm thick slices, flexible
planar formatting and evaluation of invasion of cancer into the adjacent structures (60).
The major drawbacks however are the aforementioned inability to use iodine contrast
in patients undergoing therapy for thyroid cancer and obviously the radiation exposure
that in itself holds a malignancy inducing potential. For those reasons, the early
evaluation by CT scanning and follow up is rarely used, although CT guided radio-

frequency ablation and cryotherapy is an extremely useful application.
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MR differs from CT in that it doesn’t use x-rays, which eliminates the risk of
exposure to ionizing radiation as well as the ability to perform images in all planes
without reformation. It uses a principle of electromagnetic wave generation to induce
a change in the magnetic spin of the hydrogen atoms. Once the electromagnetic field
is restored, relaxation of hydrogen emits its’ own field, that can be captured and
presented as an image of potentially molecular resolution of any depth. MR imaging
typically uses T1 and T2-weighted modalities. To simplify, T1 is good for outlining
structures and T2 for exposing ongoing changes in tissues. In regards to thyroid
tumours the diffusion sequence modality is worth mentioning, where it helps to detect
high-grade tumours such as anaplastic thyroid carcinoma (61). To enhance the
detalization one uses a gadolinium contrast, unlike iodine in CT. The disadvantage of
the method lies in its’ slow performance and the relationship between time and
resolution. For acquisition of high-quality image, the patient may need to be
incapacitated for up to an hour. Pacemakers, tattoos containing metals and cochlear
implants all make it incompatible with MR imaging. The cost effectiveness is inferior
to CT, because for detection of 2-3 mm lymph nodes a very expensive “closed” type
MR may be needed. In the follow up procedures CT is preferred over MR, yet if there
is a need in cross-sectional imaging of adenopathy and evaluation of recurrence and

metastasis MR is superior to CT (62).

Positron Emission Tomography

(PET) is the injection of a radionuclide, such as 8F-fluorodeoxyglucose (FDG), that
emits positrons. After the said positron contacts an electron a process of annihilation
occurs, that results in a production of two electrons of 511 keV each. A positron
camera captures these events and thus rendering of an image is possible. In order to
provide accurate results by attenuation correction a CT is used, hence the common
PET/CT abbreviation.

In regards to radiopharmaceuticals, usage relevant to thyroid cancer, the
aforementioned FDG is widely used in oncology. Because it's essentially a glucose, it
is taken up by the cells, metabolized and remains inside. For the reason that cancer

cells have an increased energy demand, tracing of glucose allows for the detection of
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these tumours after 1 to 2 hours. In the occasional patient with autoimmune thyroid
disease, the uptake of FDG can be focal and misinterpreted as a malignancy in the
thyroid (65). There is another promising isotope, lodine-124 that has an increased
resolution, allows better localization of metastasis compared to conventional imaging,
confirms recurrence after surgery and could provide accurate dosimetry prior to
treatment with lodine-131 (63).

PET with FDG is a valuable test to help manage patients who have an elevated
thyroglobulin (Tg) level with cancers that cannot trap iodine. The test can identify
cancer sites and lead to a change in therapy in 30—-60%. Optimal handling of thyroid
malignancy conventionally depends on excisional success and lodine-131 treatment.
When there is a discrepancy between measured Tg and a negative scintigraphic scan
we speak of an uncertainty, whether to schedule another radioiodine session or to look
for a more reassuring imaging. This is where FDG-PET/CT is starring with a supreme

detalization, confidence and low false positive interpretation rate (64).

The prognostic value of PET scan patient’s follow-up is discussed in the relevant

chapter.
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TREATMENT OPTIONS

A variety of treatment plans are available for patients with thyroid cancer. Some are
standard and some are experimental. A treatment clinical trial is a research study
meant to help improve current modalities or obtain information on new treatments for
patients with cancer. As these show to be better, than the standard treatment, the new
ones may become the standard. Generally, the planning depends on the type of
cancer (invasive or non-invasive), staging, spread and markers. It involves a
multidisciplinary approach — surgeons, endocrinologists, radiologists and nuclear

medicine specialists.

Surgery

Papillary carcinoma has ultimately the best prognosis. First consideration that
has to be made is whether the excision will be complete, namely total thyroidectomy
with isthmectomy or partial. The broad recommendation for surgery is the total
lobectomy. The reason is that even the smallest, less than 1 cm, cancers have a
recurrence rate of 6-8%, while the mortality is still very low — 0.2% (66). When the
lesions are greater than 1 cm complete thyroidectomy is recommended to almost any
patient, because the recurrence and mortality rates increase proportionally.
Approximately 75% of all patients are approaching surgery when diagnosed at low risk
by the TNM (tumour, lymph nodes, metastasis) staging and the mortality is overall less
than 5% (67). The problem with partial thyroidectomy is that statistically a multifocal
and bilateral involvement occurs in 30-87% of patients, which renders the excision
insufficient, increasing the risk of recurrence (68). Another point against partial
approach is the reason that the postoperative management involves the assessment
of tumour removal by serum thyroglobulin levels measurement and radioiodine
scanning. It makes complete resection more efficient and what is more important — if
the tumour reoccurs, the success rate of its’ treatment with radioactive iodine drops
down from 70 to only 7%, which clearly makes it way more serious than before (69).
Total thyroidectomy eliminates the need for reoperation, that automatically lowers the

complication rate and the need to operate on the scar tissue. The case, where a near-
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total thyroidectomy is performed, is usually when the surgeon isn’'t sure about the
viability of the parathyroid gland or the recurrent laryngeal nerve. Some thyroid tissue
is left on the said structures of the contralateral side of the tumour and ablated with
radioiodine postoperatively. This approach together with a subsequent thyrotropin
suppression therapy gives best results in both survival and recurrence (68). Before the
thyroid excision ultrasound is used to identify the lesion and lymphadenopathy. In the
process of thyroidectomy, the surgeon palpates the neck lymph nodes and removes
all the central and adjacent to tumour ones. If the lateral nodes are found on palpation

— ipsilateral modified radical neck dissection should be performed.

There are postoperative staging scores for differentiated cancers — AGES and MACIS.
To mention one, MACIS stands for Metastases, Age, Completeness of resection,
Invasion and tumour Size. The scoring system is believed to help in prediction of 20-
year disease specific mortality.

Follicular carcinoma is different from the more common follicular adenoma in
its’ invasion of organ capsule and vessels. They tend to be encapsulated and unifocal.
In contrast with papillary tumours, that metastasize into the regional lymph nodes,
follicular cancers involve lymph nodes in less than 10% of cases, but more often exhibit
hematological spread into lungs and bones (70). Usually when a young patient is
diagnosed with follicular cancer and multiple lymph node metastasis it appears that in
fact, he might have the follicular variant of papillary thyroid carcinoma (FVPTC) (71).
The prognosis for follicular cancer is generally worse: 5-year and 10-year disease-free
survival rates are 88.4% and 75.3%, respectively (72). This difference is connected to
the older age and more advanced stage at the diagnosis. Tumour size and presence
of distant metastases are the most important factors. Tumours larger than 4 cm with

angioinvasion and/or extensive capsular invasion would have the worst prognosis.

A subtype of follicular cancer — Hurthle cell tumour is considered malignant when
presented with angioinvasion, distant metastases and capsular invasion. It tends to be
multifocal and invade regional lymph, like the papillary cancer, and often reoccur after
irradiation. The mortality rate for this variant is 24% against 12.6% for the classic

follicular cancer, as mentioned above (73).
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The surgical management is similar to papillary cancer. Experts agree that total or
near-total thyroidectomy should be conducted because of the risk of distant
metastases and apparently more aggressive behavior of these tumors. A problem
arises with Hurthle cell cancers, because the diagnosis is usually not made by the
preoperative FNA. A preliminary scintigraphic scan in addition to TSH test is made if
the lesion is smaller than 3 cm. If the nodule is hot — a watchful waiting strategy can
be taken, for these nodules are rarely malignant, while if the nodule is cold — a total
lobectomy is recommended. As discussed earlier these nodules harbor malignancy in
20% of cases. In half of those the diagnosis can be established during the surgery and
confirmed by a frozen section of a lymph node. Near-total or subtotal thyroidectomy is
not as effective as a total thyroidectomy for follicular thyroid cancer. The reason is that
the remnant normal thyroid tissue usually has to be ablated before possible distant

metastases can be detected with radioiodine scanning.

Most of the patients have minimal capsular involvement and their prognosis is so good,
that thyroidectomy proves to be a definite treatment (74). But when there is
angioinvasion, with or without capsular involvement, follicular cancer is considered
moderately invasive. In patients with Hurthle cell cancers the surgeon should look for
nodal metastases in central neck and tracheoesophageal groove. These metastases
are often untreatable by radioiodine, thus a thorough ipsilateral central neck dissection

should be performed to avoid tumor recurrence in this area.

Postoperatively these patients are treated is a similar fashion to papillary cancers.
Serum thyroglobulin is repeated when the patient is rendered hypothyroid in
preparation for radioiodine scanning or therapeutic treatment with lodine-131. Solitary
distant metastases should be removed surgically, and radioiodine should be used to

destroy and ablate any residual microscopic disease.

Medullary carcinoma is treated preferably by total thyroidectomy and a
thorough central neck dissection with or without the removal of upper thymus (75). On
a preliminary ultrasound examination the parathyroid glands are noted and removed
only if there is primary hyperparathyroidism or some abnormality. It is important,
because in up to 40% of patients these findings will influence the plan of the surgery
(77). If one of the glands shows devascularization, then it should be transplanted into

the neck of the patients with medullary thyroid cancer and MENII-B syndrome. In
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MENII-A patients, because of the risk of hyperparathyroidism, it should be

transplanted into the forearm.

In patients with palpable central and\or cervical lymph nodes and tumours greater than
1.5 cm ipsilateral modified neck dissection is recommended. The 10-year survival rate

for patients with these nodal metastases is 70% (76).

Family members with RET oncogene or the ones, that have calcitonin elevation to
pentagastrin or calcium stimulation, should undergo central neck dissection and total

thyroidectomy before the age of 6.

Postoperatively the patients are followed with carcinoembryonic antigen and calcitonin
levels. MR and CT is used to detect recurrence in the neck and mediastinum. To locate
liver, bone and lung metastases a selective venous catheterization of the hepatic and

cervical veins can be useful (78).

Anaplastic carcinoma is one of the most aggressive and deadly malignancies.
The median survival, as mentioned earlier, is around 6 months regardless of the
therapy, where patients die of suffocation from local tumour invasion. At presentation
the patients have a large 5 — 10 cm fixed mass and around 30% have distant, often
pulmonary, metastases (79). Most also have some well-differentiated thyroid cancer.

Rarely, 1% of differentiated cancers would transform into anaplastic carcinoma.

Once anaplastic cancer is diagnosed, no curative treatment is likely. A slightly better
prognosis stands for younger patients. Age less than 60, isolated thyroid tumour,
female sex, surgical resection and external beam therapy were found to be favorable

prognostic factors (80).

When conducting a thyroidectomy in these patients, the least involved lobe should be
removed first, because it helps the surgeon to navigate around trachea. After the
debulking surgery of this thyroid tumour radiation and chemotherapy with doxorubicin
suggests a slightly better outcome (81).
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Radiotherapy Ablation

Radioiodine ablation (RAI) refers to the destruction of residual macroscopically normal
thyroid tissue in the thyroid bed after near-total thyroidectomy in patients with well-
differentiated thyroid carcinoma. The behavior of follicular lesions appears to differ
from papillary regarding prognostic factors associated with tumor recurrence and
survival, as mentioned earlier, nevertheless, and despite the above clear differences
between these two cancers, for all practical purposes, they are similarly regarded in
terms of radionuclide imaging, ablation, and treatment. The objectives are to increase
the sensitivity of whole-body scans (WBS) and help to interpret serum thyroglobulin

levels in follow-up studies, decrease the recurrence rates and increase survival (82).

In order for RAI therapy to be effective, the patient must have a high level of thyrotropin
in the blood. If the levels are insufficient or the thyroid gland is removed there are two
ways to prepare the patient for RAI: 1) Cessation of thyroid hormone adjuvants for
several weeks, which causes hypothyroidism and stimulates pituitary gland to release
thyrotropin. This induction is temporary, but often causes symptoms like tiredness,
depression, weight gain, constipation, muscle aches, and reduced concentration. 2)
Endogenous thyrotropin (Thyrogen), which can supress thyroid hormone for a long
period of time. This drug is given daily for 2 days, followed by RAI on the 3rd day. Most
doctors additionally recommend a low iodine diet for 1 or 2 weeks before treatment.
This means avoiding foods that contain iodized salt and red dye, as well as dairy

products, eggs, seafood, and soy (90).

Following surgical therapy for differentiated thyroid cancer, it is needed to determine
whether RAI remnant ablation should be indicated. This decision depends on two
considerations; first, recurrence rates and mortality for differentiated thyroid cancer
are low, at 14 and 5% over 25 years, respectively (84). Second, vast majority of
patients present with intrathyroidal, node-negative disease, with lesions smaller than
2 cm. Lastly, RAI therapy in itself carries a risk of malignant transformation due to
radiation exposure and an increasing number of younger patients with small tumours

is being recognized.

In a wide study of US. Air Force and Ohio State University, when post-thyroidectomy

RAI was compared to simple surveillance, a reduction in reoccurrence (38 vs. 16%)
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and mortality (8 vs. 3%) was noted (84). However, a comprehensive meta-analysis
report from 2002 showed mixed results, where 4 series demonstrated a lower
recurrence rates for RAI patients, while 6 others noted no significant difference (85).
Another literature review after analyzing this conflicted data summarized that: 1) RAI
is not indicated in tumours smaller than 1 cm, no extrathyroidal invasion and other
pathological high-risk features. 2) RAIl is indicated in cases of distant metastases and

marked extrathyroidal extension (86).

Dose selection comes down to the choice between dosimetric calculation and
fixed dose. The American Thyroid Association states that dosimetric methods are
reserved for patients with renal insufficiency, children, elderly and cases with
pulmonary metastases. Dose fixed are safer and easier to implement, which makes it
the most common, empiric approach (87).

Dose employment is universally agreed to be between 30 mCi (1.1 GBq) and
100 mCi (3.7 GBq). Two multi-institutional randomized trials enrolled patients with
primary tumours with T1 to T3 stages, both with and without regional lymph node
involvement and no distant metastases. They reported an 85 to 90% ablation success

rate, using the aforementioned doses (88, 89).

Dose efficacy in a Polish randomized trial did not demonstrate differences

between 30, 60 and 100 mCi in local recurrence rate at a 10-year follow up (91).

Dose toxicity, reported in the two randomized trials (88, 89), found higher rates
of nausea, neck pain, lacrimal gland dysfunction, salivary gland dysfunction, and
altered taste in patients treated with dosage of 100 mCi, compared to 30 mCi. The
major long-term toxicities of RAIl included secondary primary malignancies,
sialadenitis, nasolacrimal duct obstruction, and infertility, however long-term follow-up
of cohorts treated with 30 and 100 mCi doses of RAI will be necessary to determine

absolute and differential risk (92).

The management of differentiated thyroid cancer is evolving as new data become
available. Long-term cancer control rates between dose levels remain uncertain, that
is why the risks and benefits of different doses need to be attributed to each patient,
adjusting the therapy based upon clinicopathologic features and concerns. High-risk

patients, including those gross extrathyroidal extension, lymph node involvement,
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subtotal thyroidectomy, or with sufficient iodine uptake, higher-dose RAIl therapy
appears to provide better rates of ablation and cancer control.

External Beam Radiotherapy

External beam radiotherapy (EBRT) is the most common type of radiation therapy
used for cancer treatment. It is limited to the usage in high-risk patients and depends
on the histologic type and clinical stage of the thyroid cancer. EBRT is often used for
cancers that don't take up iodine and have an extrathyroidal spread. This method
delivers high-energy x-ray or electron beams to a patient's tumor. Beams are usually
generated by a linear accelerator and targeted to destroy cancer cells while sparing

surrounding normal tissues.

Well-differentiated cancer patients with residual tumours after attempted
surgical resection do not usually benefit from RAI, thus an absorbed dose of 100 Gy
is necessary to destroy a small tumour and 80 Gy to eliminate neck nodes in 74% of
patients with masses less than 2 g (93). Reports suggests, that a good control is
possible in patients with gross residual disease, where surgery was unsuccessful or
impossible. Examples are invasion into prevertebral fascia, carotid artery and

situations where loss of function is highly estimated.

EBRT as an adjuvant therapy may benefit patients with a higher risk of local recurrence
and who are more likely to die from their disease. In a study, where 70 patients were
identified as a high-risk group, of whom 47 received EBRT and 23 did not, discovered
a higher cause-specific survival (81.0% vs 64.6%) and local-regional relapse-free rate
(86.4% vs 65.7%) in patients who received beam therapy (94). In the absence of
randomized data, there is still sufficient evidence to recommend EBRT, in addition to
standard therapy in high-risk patients, defined as older than age of 45 with evidence

of extrathyroidal invasion and gross or microscopic residual disease after resection.

Patients who have lymph node metastases with extra nodal capsular extension and
local invasion of adjacent soft tissues are at high risk of disease recurrence and poorer

prognosis. Although one study didn’t show a difference in survival after irradiation of
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the neck nodes, local-regional relapse-free rate in patients who received external-
beam RT was significantly better - 95.2% vs 67.5% respectively (95).

In treatment of distant metastases RAI therapy usually achieves a good level of
success, but only 3% of bone metastases were found to show a curative rate after the
ablation. High dose (50 Gy in 25 fractions) may be appropriate for a long-term control
of such secondaries (96). The role of EBRT in controlling gross residual disease after
surgery and in unresectable disease is being evaluated with every new study. In
patients with symptomatic recurrent disease with poor performance or widespread
incurable disease a shorter course irradiation may be effective to control local

symptoms, such as pain, skin ulceration, and obstruction.

Medullary carcinoma with gross residual disease doesn’t seem to benefit from
EBRT much. No survival benefit of adjuvant irradiation with positive nodes was found,

except for some improvement in local-regional relapse-free rate (97).

The treatment for metastatic disease is usually palliative and includes supportive
measures, analgesic drugs, and possibly, hormonal therapy, chemotherapy, and local
radiation. Unfortunately, neither the liver nor large volumes of the lung tolerate EBRT
well. Thus, RT is usually reserved for painful bone metastases, where a dose of 2000
cGy in five daily fractions or 3000 cGy in 10 fractions would typically result in pain
relief. Single large lung metastases causing hemoptysis or obstruction may also
respond to EBRT.

Anaplastic carcinoma overall shows an improvement in survival of patients
treated with adjuvant EBRT or concurrent radiochemotherapy vs. surgery alone. No
prospective randomized controlled trials have been undertaken and there is no
consensus on optimal management of small intrathyroidal anaplastic cancer or
incidentally found tumours following surgery. After complete or near-complete
resections, the best results in terms of both local control and survival appear to be
achieved with the combination of surgery, EBRT and chemotherapy. A study
examined 516 patients and identified age younger than 60 years, extent of disease,
and the association of surgery and EBRT as positive prognostic factors. Best results
are reported after maximum surgical debulking and postoperative radiotherapy (98).

Since anaplastic carcinoma has a low response to chemotherapy, the irradiation
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regimen for patients with good performance is 60 Gy in 40 fractions over 4-week
course, with 2 fractions of 1.5 Gy daily.

In contrast with papillary and follicular carcinoma, the prognosis for patients who have
developed distant metastases from anaplastic thyroid cancer is extremely poor.
Therefore, external-beam radiation has an important role in palliation of bone
metastases. Similarly, in patients with brain metastases, whole-brain radiation should

be considered, except in the elderly, who do not tolerate such a procedure (98).

Chemotherapy

When other conventional methods, like surgery and ablation, fail, chemotherapy is
being used as a single or part of combined modality in therapy of metastatic or locally
advanced thyroid cancer. Mainly it is employed in anaplastic carcinoma but also used
in around 20% of iodine uptake negative differentiated carcinomas. In differentiated
thyroid carcinoma chemotherapy has been considered for decades to be the only
systemic therapy with palliative purpose. A recent systematic review revealed that is
has not been possible to find solid evidence about the efficacy of cytotoxic therapy,
the results indicated that it may have some effectiveness, although this should be

proven with well-designed studies using modern drugs (99).

Doxorubicin is an anthracycline, one of the earliest chemotherapeutic drugs
that was reported in thyroid cancer treatment back in 1974. In the present time it is
considered to be most effective at a dosage of 60 mg/m?, while an increase in dosage
to 75 and even 90 mg/m? can yield an additional response (100). The most important
toxicity is the doxorubicin induced cardiomyopathy. The most important prediction
factor for the treatment success is the patient’'s performance status (101). Drug’s
usage in combination with other chemotherapeutic agents doesn’t appear to have any

advantage.

Epirubicin is analogous to doxorubicin with less cardiotoxicity, yet dose limiting
myelosuppression. The drug was in a study in combination with carboplatin (75 and
300 mg/m? respectively) achieving one complete remission, five partial and seven

stable courses of disease (102).
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Cisplatin makes cross-links between DNA, killing the tumour cell. In a study 5
out of 13 responded to the drug in a setting of all main thyroid types (103). Its’ main

toxicities are myelosuppression, nephrotoxicity and ototoxicity.

Paclitaxel stabilizes microtubules, thus inhibiting mitotic spindle and cell
division. In 10 out of 20 patients with anaplastic cancer, that took part in a study,
response was achieved after a continuous 96-hour infusion (104). The toxicities are

myelosuppression and peripheral neuropathy.

Vandetanib is a tyrosine kinase inhibitor or RET, VEGFR-2 and EGFR. A
randomized trial of patients with metastatic medullary or advanced differentiated
cancer showed a 83% 6 months progression-free survival in contrast to 63% in the
placebo group (105). Overall survival was not affected.

Cabozantinib is an oral tyrosine kinase inhibitor of Met, VEGFR-2, KIT, RET,
Tie-2 and FLT3. Out of 330 patients enrolled in a 2013 trial the group that received the
drug showed 11.2 months of progression-free survival, compared to 4 in the placebo

group. Adverse effects included hypocalcemia, hypertension, fatigue and diarrhea.

Cytotoxic agents remain important as a component of multimodality therapy for
anaplastic thyroid cancer. However, targeted agents have emerged as frontline
therapy for the majority of patients with advanced differentiated or medullary thyroid
cancers. To name a few, Pazopanib, Sorafenib and Sunitinib are ongoing clinical trials

and show some promising results in the future treatment of thyroid cancer.
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Follow-up

The assessment for the risk of recurrence and death can vary from annual ultrasound
examinations and PET-CT to thyrotropin stimulated WBS and thyroglobulin
measurements. In order to evaluate the patient’s outcome and group him according to

the relative risks the following factors are considered:

1) Overall health status, age and sex.

2) Characteristics of the tumour, such as size, multifocality, histological grade,
localisation and/or extent of invasion and distant metastases.

3) Previous interventions, such as surgery and RAI.

4) Relative success of said intervention/s.

Once the factors are taken into account some scoring system can be applied to plan
the follow-up and support. The value of these scoring systems is suggestive and helps
to detect atypical cases that require a comprehensive approach.

An important part of post treatment assessment is the definition of recurrent and
persistent disease. A level of serum thyroglobulin beyond 2 ng/mL in a patient that
underwent total thyroidectomy and radioiodine ablation without the evidence of
tumours on cross-sectional imaging is defined as biochemically persistent or recurrent.
Clinically persistent or recurrent disease means a patient with identifiable on imaging
tumours after being disease-free upon completion of therapy. In a large study,
involving 1,503 patients that underwent total or near-total thyroidectomy, the anatomic

recurrence rate was 0.6%, but the persistent disease rate was around 14% (107).

The frequency of check-ups relies on the previously collected data and staging, so the
high-risk patients will receive a suitable surveillance, while low-risk would be monitored
relatively seldom. Patients with one or more deteriorating factors are likely to benefit
from radioiodine ablation and undergo a more attentive surveillance. Current
guidelines include AJCC/UICC (American Joint Cancer Committee/Union
Internationale Contre le Cancer) staging, which classifies patients as low, intermediate
or high-risk of recurrent or persistent disease based on the characteristics discussed

above, discarding only the response level to the previous therapy (108).
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WBS vyields very limited information and are found to be contradictory in their
efficacy. In no case did the thyrotropin-stimulated WBS show the site of persistent
tumour in a retrospective study (110). But before discarding this evaluation method it

is important to note that:

1) No anti-Tg antibodies should be present (exclusion of around 25%
differentiated thyroid carcinoma patients)

2) The Tg essay must be sensitive enough to detect elevation levels of 1 ng/mL

3) The previous WBS must be negative

4) The patient must belong to the low-risk group

Current guidelines suggest WBS for usage in long-term follow up of intermediate or
high-risk group patients (108).

Ultrasound is found to be useful in detection of recurrent thyroid cancer in both
the gland and the regional lymph nodes. It's application also assists FNA biopsy and
Tg-needle washout. The rate of recurrence, discovered on FNA examinations in
patients underwent thyroidectomy and RAIl, was 10.3% after a mean of 45 months.
Many had unstimulated serum Tg less than 2 ng/mL and WBS didn’t detect most of
the new lesions, while ultrasound showed a sensitivity of 94.1% (111). Negative
predictive value of thyroid hormone withdrawal (Tg less than 1 ng/mL) in a neck
ultrasound was 98.8% at 12 moths, whereas WBS wasn’t informative (112).
Ultrasounds shows a clear superiority over WBS, when it comes to low-risk patients

with undetectable serum Tg.

rhTSH application in thyroid cancer surveillance is a major improvement. It has
been shown to significantly reduce number of sick leaves in comparison to traditional
thyroid hormone withdrawal. Among patients, who underwent near-total thyroidectomy
and remnant ablation, with a thyroid hormone suppressive therapy of less than 5.0
ng/mL, 89% had THST-Tg levels less than 1 ng/mL. After rhTSH administration 18%
had Tg above 2 ng/mL, yet on WBS only about 50% of these had positive results (113).
A subsequent prospective study of 107 differentiated thyroid carcinoma patients with
a median follow-up of about 3 years showed that a single rhTSH-Tg of less than 0.5
ng/mL had an approximately 98 % likelihood of identifying patients free of disease
(114).
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FDG-PET is recommended in Tg-positive, RAI scan-negative patients with an
elevated Tg value higher than 10 ng/mL in order to localize recurrence. Well-
differentiated cancer cells take up iodine and are amenable to lodine-131 therapy,
while less well differentiated cancer cells do not take up iodine but do concentrate
FDG. In contrast, patients who are iodine negative as well as FDG-PET negative
appear to have a good prognosis. When the radioiodine scan is negative, identification
of a focal FDG-PET lesion can make surgery an option. The sensitivity of the scan is
high and the images identify sites of cancer that lead to a change in management in
20-60% of the cases. Newer PET radionuclides such as lodine-124 have potential for
better lesion detection and more accurate dosimetry prior to therapy with lodine-131.
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Conclusion

As in every medical field, there are no closed chapters. Thyroid cancer, being one of
the most common, greatly affects the lives of millions of people across the world.
Understanding the pathogenesis of the disease is relevant as ever. As the new data
emerges every year, changes in our approach to both diagnosis and treatment of
thyroid lesions imminently come to improve the outcome and the burden of the
disease. Since the introduction of nuclear medical therapies in the 40’s of the last
century radioactive iodine still means a great deal in making thyroid cancer one of the
best treated oncologic diseases. Classic surgical excision and the subsequent
remnant ablation remain the most important approach in the management of thyroid
cancer, while the recent research aims to improve the details of those procedures and
their appropriate application. The evidence shows how each method proves to be
useful, whether it is external beam therapy, cytotoxic agents or a combination of
surgery and RAI, if the understanding of the ingoing pathology is thoroughly
established. Early recognition, proper typing and staging with an assistance of
advanced imaging determines which therapy will be used and how exactly will it be
applied. When all these necessary preconditions are met, one can expect the success

to be maximal in respect to the individual patient’s condition.
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