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Preface

Thyroid cancer is being increasingly diagnosed nowadays. This situation has
attracted the attention of scientists and physicians alike. This updated book deals
with various aspects of thyroid cancer and has been written by various international
authors who have devoted many long and meticulous hours to the subject.

Omer Engin
Izmir Tepecik Egitim ve Aragtirma Hastanesi,
Turkey






Chapter1

Introductory Chapter: Knowledges
on Thyroid Cancer

Omer Engin

1. Introduction

The thyroid gland is located in the neck in front of the trachea. The gland has
right and left lobes. The lobes are connected by isthmus. The superior thyroid artery
arises from the external carotid artery; inferior thyroid arteries arise from thyrocer-
vical trunks [1].

Superior and middle veins of the thyroid gland drain into the internal jugular
vein; the inferior vein of the gland drains into the brachiocephalic vein or directly
into the superior vena cava [2, 3].

Superior and inferior laryngeal nerves are important in thyroid surgery.

The superior laryngeal nerve divides into external and internal branches. The
external branch stimulates the cricothyroid muscle, so when the nerve is injured,
the vocal cord tension is decreased on the side of injury. The internal branch
provides sensor innervation to supraglottic and glottic larynx [4, 5].

Another name for the inferior laryngeal nerve is the recurrent laryngeal nerve
(RLN). RLN has internal and external branches. The internal branch of RLN sup-
plies sensation of the vocal cords and subglottic areas. The external branch of this
nerve sends motor fibres to the intrinsic laryngeal muscles except the cricothyroid
muscle. These two nerves may be lacerated in thyroidectomy operations [6].

Thyroid cancer is one of the surgeries often performed in surgical practice.
Among thyroidectomy indications, thyroid cancer has an important place. There are
significant differences between thyroidectomy due to benign diseases and thyroid-
ectomy due to malignant disease. Complications are also different as the surgical
method is different. Oncological rules apply in thyroid cancer surgery. Therefore,
the complication rates may be different.

The symptoms of thyroid cancer may be silent as well as may be noticeable. Thyroid
cancer can follow a quiet and slow clinical process. Or thyroid cancer can follow a rapid
clinical process. Thyroid cancer may be associated with other clinical diseases. Care
should be taken in such cases and thyroid cancer should not be overlooked. In general,
a palpable nodule is palpated in the neck. Sometimes cervical pathologic lymphade-
nopathy is palpated or is found on ultrasonographic examination incidentally. In
this situation, ultrasound-guided fine needle aspiration biopsy may be needed for
histologic diagnosis in the preoperative stage. Thyroid malignancies may progress from
the neck into the thorax, so intrathoracic goitre may develop. In general intrathoracic
goitre is operated in the neck, but sometimes sternotomy may be needed [7, 8].

Hoarseness can be a sign of thyroid cancer. If the tumour invades the recurrent
laryngeal nerve, the vocal cord is paralysed. For diagnosis, thyroid ultrasonography
and indirect laryngoscopy may be used [9].

There are noninvasive and invasive methods in the diagnosis of thyroid cancer.
Ultrasound-guided fine needle aspiration biopsy can be used as an invasive method.
Ultrasonography, one of the noninvasive methods, has been increasingly used in the
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diagnosis of thyroid cancer. Ultrasonography, scintigraphy, computerised tomog-
raphy, magnetic resonance imaging and PET CT can be used for evaluation of the
thyroid cancer and metastases. Preoperative evaluation with imaging tests gives us a
route for therapeutic modalities [10, 11].

In thyroid cancer cases, a very good thyroid anatomy should be known. It is very
important not to damage the anatomical structures during neck dissection. The
anatomy of the thyroid and neck should be well known for a good surgical outcome.

Papillary thyroid cancer is the most common type in the thyroid cancers. Others
are follicular thyroid cancer, medullary thyroid carcinomas, anaplastic thyroid carci-
nomas, primary thyroid lymphomas and primary thyroid sarcomas. Last two malig-
nancies are seen rarely. Hurthle cell cancer is often accepted as a variant of follicular
thyroid cancer. Thyroid cancer may have metastasis at the time of diagnosis [12, 13].

Nowadays, various technological innovations have been developed to reduce
complications during thyroidectomy. Intraoperative nerve monitoring is one of
these innovations. The nerve damage was reduced during thyroidectomy with the
nerve monitoring. Do not forget that surgical skills are not an important thing
for the prevention of nerve injury. Methylene blue dyeing is another method for
identifying of the recurrent nerve. Methylene blue may be given intraarterially or
by directly spraying on the tissue [14, 15].

In the thyroidectomy operation, different complications can occur such as hem-
orrhagia, recurrent nerve injury, trachea laceration, oesophageal laceration, etc. It is
important that, if these complications are diagnosed in intraoperative or periopera-
tive time, they may be corrected. For example, if the recurrent nerve is lacerated
and is diagnosed by the surgeon, the surgeon can suture the lacerated nerve. But if
the injured nerve is diagnosed in the postoperative period, nerve suturing cannot
be used. So careful surgical dissection is most important for the prevention of the
complications [16, 17]. Another important complication is oesophageal laceration.
If the lacerated oesophagus is not diagnosed in the intraoperative period, this can
lead to cervical sepsis. When esophagus is lacerated in the operation, intraoperative
suturing can be performed intraoperatively. If esophageal laceration is minimal and
it can not be recognized intraoperatively, endoscopic endoclips may be choosen as
an alternative method [18].

In our book, the issues have been examined by the international elite authors.
Our book is not a text book where each subject is processed, respectively.
Information about thyroid cancer is given from different perspectives with the
original approach.

I hope that our book will be useful to all physicians who are interested in the thyroid.

With my love and respect.

Author details

Omer Engin
Izmir Tepecik Egitim ve Arastirma Hastanesi, Turkey

*Address all correspondence to: omerengin@hotmail.com

IntechOpen

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited. [ 2NN



Introductory Chapter: Knowledges on Thyroid Cancer

DOI: http://dx.doi.org/10.5772/intechopen.86627

References

(1] Miller FR. Surgical anatomy of
the thyroid and parathyroid glands.
Otolaryngologic Clinics of North
America. 2003;36(1):1-7

[2] Maceroni P. Ultrasound features of
thyroid, parathyroid, neck lymph nodes:
Normal and pathologic pattern. In: Mini
mally Invasive Therapies for Endocrine
Neck Diseases. Cham: Springer; 2016.
pp- 3-13

[3] Sawant DA, Moore TF, Cashell
AW. A cadaveric case report of
dual thyroid: Ectopic and normal
location thyroid with brief review
of literature. International Journal
of Endocrinology and Metabolism.
2018;6(3):201-206

[4] Sun S-Q, Chang RWH. The superior
laryngeal nerve loop and its surgical
implications. Surgical and Radiologic
Anatomy. 1991;13(3):175-180

[5] Marchese-Ragona R, Restivo DA,
Mylonakis I, et al. The superior laryngeal
nerve injury of a famous soprano, Amelita
Galli-Curci. Acta Otorhinolaryngologica
Italica. 2013;33(1):67-71

(6] Ardito G et al. Revisited anatomy
of the recurrent laryngeal nerves.

The American Journal of Surgery.
2004;187(2):249-253

[7] Viola D et al. Prophylactic central
compartment lymph node dissection in
papillary thyroid carcinoma: Clinical
implications derived from the first
prospective randomized controlled
single institution study. The Journal of
Clinical Endocrinology & Metabolism.
2015;100(4):1316-1324

[8] Rolighed L, Renning H, Christiansen
P. Sternotomy for substernal goiter:
Retrospective study of 52 operations.
Langenbeck’s Archives of Surgery.

2015;400(3):301-306

[9] Jin]. Screening for thyroid cancer.
JAMA. 2017;317(18):1920-1920

[10] Tajiri K et al. Can ultrasound
alone predict papillary thyroid
carcinoma with desmoid-type
fibromatosis? A retrospective analysis
of 13 cases, focusing on the stromal
area. Ultrasound International Open.
2018;4(02):E39-E44

[11] Vrachimis A et al. [18 F] FDG
PET/CT outperforms [18 F] FDG
PET/MRI in differentiated thyroid
cancer. European Journal of Nuclear
Medicine and Molecular Imaging.
2016;43(2):212-220

[12] Agrawal N et al. Integrated genomic
characterization of papillary thyroid
carcinoma. Cell. 2014;159(3):676-690

[13] Kam BL et al. Treatment of patients
with hurtle cell thyroid carcinoma
using [Lu-177-DOTAO, Tyr3]
octreotate. Journal of Nuclear Medicine.
2016;57 (supplement 2):208-208

[14] Lv B, Zhang B, Zeng Q-D. Total
endoscopic thyroidectomy with
intraoperative laryngeal nerve
monitoring. International Journal of
Endocrinology. 2016;2016:5. http://
dx.doi.org/10.1155/2016/7381792 Article
ID: 7381792

[15] Sari S, Erhan A, Muslumanoglu
M etal. Safe thyroidectomy

with intraoperative methylene

blue spraying. Thyroid Research.
2012;5(1):15. https://doi.
org/10.1186/1756-6614-5-15

[16] Muheremu A, AO Q. Past,
present, and future of nerve conduits
in the treatment of peripheral nerve
injury. BioMed Research International.
2015;2015:6. http://dx.doi.
org/10.1155/2015/237507 Article ID:
237507



Knowledges on Thyroid Cancer

[17] Erovic BM, Lercher P. Sural nerve
grafting. In: Manual of Head and Neck
Reconstruction Using Regional and Free
Flaps. Vienna: Springer; 2015. pp. 63-65

(18] Young CA et al. CT features of
esophageal emergencies. Radiographics.
2008;28(6):1541-1553



Chapter2
Thyroid Anatomy

Sinan Binboga, Eyup Gemici and Elif Binboga

Abstract

In ancient times, the Celsius first identified the masses in the neck and reported
that their surgical removal was fatal. The sources related to thyroid surgery show
that the success of the neck masses with the surgical intervention was limited until
the second half of the nineteenth century. Among the names leading the develop-
ment of thyroid surgery in contemporary times are Emil Theodor Kocher, Theodor
Billroth, William James Mayo, and William Stewart Halsted. In this chapter, we will
be investigating thyroid gland embryology, histology, and anatomy that is essential
to the practicing thyroid surgeon.

Keywords: thyroid gland, anatomy, embryology, histology, vascularization

1. Introduction

This chapter will discuss the thyroid anatomy including macroscopic/micro-
scopic structure, thyroid embryology, and also vascular composition and innerva-
tion. The nuclear medicine imaging, ultrasound, and biopsy of the thyroid in the
evaluation of nodules and differentiation of benign from malignant disease have
avery precious place. Generally, the neck is the part of the body that separates the
head from the torso. The midline in front of the neck has a prominence of the thy-
roid cartilage termed the laryngeal prominence. Between the laryngeal prominence
and the chin, the hyoid bone can be felt; below the thyroid cartilage, a further ring
that can be felt in the midline is the cricoid cartilage. Between the cricoid cartilage
and the suprasternal notch, the trachea and isthmus of the thyroid gland can be felt.
The quadrangular area is on the side of the neck and is bounded superiorly by the
lower border of the body of the mandible and the mastoid process, inferiorly by the
clavicle, anteriorly by a midline in front of the neck, and posteriorly by the trape-
zius muscle. The main arteries in the neck are the common carotids, and the main
veins of the neck that return the blood from the head and face are the external and
internal jugular veins. The thyroid is located in front of the neck between the levels
of the C5 and T1, joined by the isthmus, bridging to the trachea. The basic anatomy
is best appreciated in Figure 1. The size and shape of the thyroid lobes vary widely
in normal patients. The shape of lateral lobes is longitudinally elongated in tall
subjects, whereas in shorter subjects, the gland is more oval. In the newborn the
thyroid gland is approximately 19 mm, with an anteroposterior (AP) diameter of
8-9 mm. By 1 year of age, the mean length is 25 mm with 12-15 mm AP, whereas the
mean length is approximately 40-60 mm, with mean 13-18 mm AP in adults. The
thyroid gland is slightly larger and heavier in women. It shows a little more growth
in pregnancy and menstruation [1-4]. The thyroid gland is an organ of the endo-
crine system that maintains body metabolism, growth, and development through
the synthesis, storage, and secretion of thyroid hormones. These hormones include
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Figure 1.
a) General thyroid gland histology including fibrous capsule,septum, follicules and reticular fiber meshwork
b) Thyroid gland cell types; parafollicular and follicular cells

triiodothyronine (T3), thyroxine (T4), and calcitonin. Food-energy metabolism

of cells is stimulated by T3 and T4. Calcitonin has a minor role in regulation of
calcium levels. Disorders of the thyroid may result from thyroid gland dysfunction,
which is regulated by the pituitary and hypothalamus glands. An appreciation of
the embryological development of the thyroid and parathyroid glands facilitates
comprehension of some of the various anatomical and pathological processes. The
worldwide guides of various associations such as the American Thyroid Association
(ATA), American Association of Clinical Endocrinologists (AACE), American
College of Endocrinology (ACE), and Associazione Medici Endocrinologi (AME)
are used in the evaluation of the pathological processes [5].

2. Embryology of the thyroid gland

The primordial thyroid gland is one the earliest endocrine organs. It is detect-
able during the starting day 24 in the embryo. Throughout the 4th to 7th weeks of
gestation, it slowly migrates to the final location. It is developed from pharyngeal
endoderm cells and derived from the foramen caecum in the tongue base and also
connected to the tongue base via thyroglossal duct until week 10. It consists of two
lobes, and both lobes (lobus dexter and lobus sinister) are connected together with
isthmus. There is a small lobe known as “the pyramidal lobe” mostly derived from
the left lobe of the thyroid and attached to the hyoid bone. Calcitonin-secreting
parafollicular thyroid (“C”) cells are derived from a combination of cells migrating
from the neural crest and a fifth pharyngeal pouch structure [5, 6].

There are clinically relevant various pathologic consequences of this embryogen-
esis, for example, hypothyroidism, thyroglossal duct cyst, medullary carcinoma,
and fistulas.

3. Histology of the thyroid gland

The thyroid gland is a unique endocrine gland with follicles and extracellular
components storing large amounts of hormone in an inactive form [7]. The gland is
enveloped by a fibrous capsule, and a fine collagenous septum divides the thyroid
gland into lobules consisting of numerous thyroid follicles which are closely packed
ring-shaped structures with an average diameter of about 200 pm [8]. The follicles
are embedded within the meshwork of reticular fibers (Figure 1a) [9].
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The thyroid follicles are the main functional and structural components of the
gland which synthesize and release T3 and T4 in the center of follicles. Each follicle
is filled with colloid, which is a gelatinous substance containing the stored form
of T3 and T4. In active glands, the colloid is predominantly basophilic, whereas in
inactive glands, it is acidophilic. In highly activated glands, this colloid is not only
reduced in amount but also shows vacuoles [9].

There are types of thyroid cells, i.e., follicular cells and parafollicular cells. The
follicular or principal cells are responsible for T3 and T4 production. These cells
are usually simple cuboidal cells but may change to simple squamous (inactive) or
columnar cells (active) depending on their states of secretion (Figure 1b). H&E
staining of thyroid gland shows that the follicular cells have basophilic cytoplasm
and a round nucleus with one or more distinct nucleoli. Golgi apparatus is located in
the supranuclear position. Ultrastructurally, the cells contain the organelles show-
ing both secretory and absorptive characteristics and short microvilli on the apical
surface of cells. In basal location, cells contain a large number of rough endoplasmic
reticulum. In apical location, cells contain small vesicles morphologically related
to Golgi apparatus and a large number of endocytotic vesicles lysosomes defined as
colloidal resorption droplets [10].

Parafollicular or clear cells (C cells) are the second type of thyroid cells, located
within the follicular epithelium or as small clumps adjacent to the follicles. These
cells are relatively large oval or ellipsoid cells with round nuclei and pale cytoplasm
and are found lying on the basal follicular membrane. These cells have an extensive
unstained cytoplasm often difficult to distinguish in H&E sections and therefore
called “C” cells [7]. These cells produce calcitonin hormone released in response to
high blood calcium and inhibits the activity of the osteoclasts [11].

4. Macroscopic anatomy of the thyroid gland

The thyroid gland is enveloped by the fascia consisting of the anterior and
posterior parts of the deep cervical fascia. The gland weighs approximately
10-20 g, and each lobe measures an average of 5 cm in length, 2.5 cm in width,
and 1.5 cm in depth [12]. The gland is slightly heavier and bigger in size during
menstruation and pregnancy [13]. Thyroid lobes are located lateral to the trachea
and esophagus, anteromedial to the carotid sheath, and posteromedial to the strap
muscles (sternohyoid, sternothyroid, and superior belly of the omohyoid) and are
innervated by the ansa cervicalis (ansa hypoglossi), overlying from the level of the
fifth cervical vertebra down to the first thoracic vertebra (Figure 2a) [13, 14]. The
shape of the gland varies from an H to a U form, consisted of two elongated lateral
lobes with superior and inferior poles that are joined at the midline by an isthmus.
The length of the isthmus is in between 12 and 15 high, connecting the two lobes.
Occasionally, the isthmus may be absent, and the gland exists as two separate lobes
(Figure 2b).

A pyramidal lobe presents in approximately 50% of patients extending toward
the hyoid bone, to which it may be attached by a fibrous or fibromuscular band
[14]. The most lateral extension of the thyroid lobes is the Zuckerkandl tubercles
(ZTs). These tubercles are condensed thyroid parenchyma located in the cricothy-
roid junction, at the junction point of the medial thyroid with the ultimobranchial
bodies, and have an important vicinity with the recurrent laryngeal nerve (RLN).
ZTs develop from the embryologic fusion of the ultimobranchial body with the
median anlage and the lateral thyroid anlages of the fourth pharyngeal pouch.

The dissection of this tissue is important because the RLN is located below the ZTs
located in the posterolateral of the thyroid gland [15, 16].
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Thyraid Glans in Computed Tomogiaphy
{a) 1))

Figure 2.
a) Thyroid gland in computed tomography b) Macroscopic anatomy of the thyroid gland

Thyroglossal duct extends along the path of thyroid descending from the fora-
men cecum at the base of the tongue to the lower neck. The cysts of this duct are
the most commonly encountered congenital cervical anomalies in humans. They
are usually asymptomatic but occasionally become infected by oral bacteria. The
carcinomas of the duct are extremely rare, and approximately 1-2% of are found to
be cancer, which are usually papillary carcinomas (85%) [12, 17, 18].

A thin layer of the front and back of the deep cervical fascia wraps the thyroid
lobes. This fascia joins the capsule by two suspensory ligaments, namely, the ante-
rior and posterior suspensory ligaments. The anterior suspensory ligament extends
from the superior medial aspect of each thyroid lobe to the cricoid and thyroid
cartilage. The posterior ligament, known as the Berry ligament, connects the thy-
roid to the cricoid cartilage and upper rings of the trachea. The ligament of Berry
is closely attached to the cricoid cartilage and has important surgical implications
due to its connection to the RLN. The RLN usually enters deep into the posterior
suspensory ligament [14]. During the retracting of the thyroid gland on the medial
side, it should not be compelling, because it may cause RLN to be stretched and
injured. In addition, rupture of the vena thyroidea media may occur bleeding. Care
should be taken not to cause nerve damage during the dissection and hemostasis to
control bleeding. There are two superior and two inferior parathyroid glands. The
parathyroid glands are small structures adjacent to or occasionally embedded in
the thyroid gland. Usually, two pairs of parathyroid glands lie in proximity to the
thyroid gland. The inferior glands migrate further and have more chance of being
in ectopic sites [19, 20].

5. Microscopic anatomy of the thyroid gland

The thyroid gland is a highly vascular organ, among other endocrine organs, ina
sense that there is a rich blood flow with large amounts of anastomosis in the gland.
Arterial supply is bilateral from both the external carotid system and superior
thyroid artery and subclavian system with the lower thyroid branch of the thyrocer-
vical trunk. It may be a single thyroid ima artery arising from the brachiocephalic
artery [21].

The superior thyroid arteries originate from the ipsilateral external carotid
arteries and are divided into anterior and posterior branches in the apex of the
thyroid lobes. Inferior thyroid arteries originate from the thyrocervical shortly after
the origin of the subclavian arteries. The inferior thyroid arteries extend from the
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neck to the back of the carotid sheath and enter the thyroid lobes at the midpoints.
Thyroidea ima, the arteries born directly from the aorta or innominate, enters the
isthmus or replaces a missing lower thyroid artery in 1-4% of individuals. The
inferior thyroid artery passes through the recurrent laryngeal nerve (RLN) and
requires the identification of RLN before the arterial branches are ligated. The
inferior thyroid artery provides an arterial supply of the cervical esophagus with
subclavian artery and branches directly from the aorta, intercostal arteries, and
tracheobronchial arteries [22].

There are three main venous pathways of the thyroid: superior, middle, and
inferior thyroid veins. The superior thyroid vein accompanies the superior thyroid
artery and drains to the internal jugular vein but not accompanied by the middle
thyroid vein. There are several inferior thyroid vessels that frequently flow into the
internal jugular or brachycephalic veins [12].

5.1 Innervation of the thyroid

RLN is a branch of the vagus nerve, responsible from the laryngeal motor
function and feeling. The left RLN is looped from the vagus nerve to the back of
the aorta, and the right RLN revolves around the right subclavian artery. During
thyroidectomy, since these nerves rise along the trachea near the thyroid gland,
the surgeon should pay attention to protect them. The inferior thyroid artery and
its terminal branches are closely related to the RLN at the entrance point of the
thyroid gland. Sometimes, the nerve can be confused with a branch of the artery.
Compared to the artery, it is less regular, rounded, and elastic [23]. A small, red,
curved vein called vasa nervorum is usually seen in the wall of the nerve. The left
RLN rises straight along the tracheoesophageal groove, while the right RLN is more
inclined and lateral than the left one. However, numerous variations have been
defined, so care should be taken in every case. In the two upper tracheal rings, the
RLN is embedded at the back of the suspensory ligament, called the Berry ligament.
This ligament extends to backward of the recurrent nerve and tightly connects the
thyroid to the trachea and esophagus. At this point, there is a posterior artery near
the recurrent nerve, which gives a small branch to the thyroid gland and is not easy
to be attached to this artery (Figure 3) [23, 24].

The superior laryngeal nerve is also a branch of the vagus nerve. On the pharynx
side, the internal carotid descends from the back of the artery and is divided into

Figure 3.
Thyrid gland location with nerve and parathyroid gland
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two arms: the external laryngeal nerve as the motor nerve and the internal laryngeal
nerve as the sensory nerve. The superior laryngeal nerve contributes to the pitch of
voice, and its paralysis can lead to significant contraction of pitch range, vocal fold
vibratory phase asymmetry, and acoustic aperiodicity, thus leading to an overall
poor vocal quality [24]. There is a close relationship between the superior thyroid
artery and the external branch of the superior laryngeal nerve. This nerve injury
may cause high-pitched noises. In order to prevent damage to the external branch
of the superior laryngeal nerve, it is recommended to ligate the superior thyroid
arteries as low as possible during thyroidectomy. The cricothyroid artery, a branch
of the superior thyroid artery, is located in the cephalic portion of the upper pole
and moves toward the midline on the cricothyroid ligament. This vessel may be
damaged during cricothyroidotomy and may cause bleeding. Care should be taken
in large area hemostasis to control bleeding. Ligating the veins one by one prevents
nerve damage. Classification of the external branch of the superior laryngeal nerve
according to the risk of potential damage [12] is given below.

Type 1: The nerve crosses the superior thyroid vessels more than 1 cm above the
border of the thyroid upper pole.

Type 2a: The nerve crosses the vessels less than 1 cm above the border of the
thyroid upper pole.

Type 2b: The nerve crosses the vessel below the border of the thyroid upper pole.

The recurrent laryngeal nerve (on the right, after exiting the superior thoracic
cavity) may be located in the neck root, in the lateral carotid artery, in the medial
trachea, and in the triangle formed by the superior thyroid lobe.

The right recurrent laryngeal nerve usually enters the larynx at an angle of 0-30°
in the tracheoesophageal groove. In the left recurrent laryngeal nerve, this angle is
about 15-45°. Recurrent laryngeal nerve passes through the posterior of the inferior
thyroid artery in 61% of cases, anterior in 32%, and the branches of the artery in 7%
of cases. The lower parathyroid glands are located proximal to the inferior laryngeal
nerve, and the upper parathyroid glands are located distal to the nerve. Recurrent
laryngeal nerve is found in 60-70% of cases in the tracheoesophageal groove,
20-25% in the lateral of the trachea, and 5% in the posterior of the trachea.

In 35-80% of cases, RLS is divided into branches before entering the larynx.
Typically, extralaryngeal branching is in two forms as motor and sensory branch.
However, two to eight extralaryngeal branches have been described in the literature. Its
linear extension and its light yellow color make it known macroscopically.

The right inferior laryngeal nerve is 32 cm long, and the left is approximately
43 cm long. Since the left inferior laryngeal nerve has a longer course in the tracheo-
esophageal groove, the majority of nerve injuries occur in this side.

Nonrecurrent laryngeal nerve was reported in 0.3-0.8% of cases. Nonrecurrent
laryngeal nerve exits the cervical section of the vagus at the level of the larynx or
thyroid gland and directly enters the larynx at the level of the cricothyroid joint
without forming a loop [25].

The intraoperative methylene blue spraying technique could be used in thyroid
surgery. Methylene blue will be sprayed over the thyroid lobe and perilober area.
Tissues, especially parathyroides, the recurrent laryngeal nerve, and the inferior
thyroid artery could be evaluated [26].

Recurrent nerve damage after thyroid surgery varies between 0 and 11%.
Complications are more frequently seen in subtotal thyroidectomies and second-
ary surgeries than total thyroidectomies and primary surgeries, whereas they are
inversely correlated with surgeon experience. Posterior cricoarytenoid muscle
palpation without electromyography provided that follow-up of glottic pressure
applications and peroperative observation of vocal folds. However, the fact that
the practice is both difficult and does not give very healthy results is an important
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limitation of this method. Postoperative complications were reduced, and surgi-
cal duration was significantly reduced by the use of peroperative recurrent nerve
monitoring. Measurements are made with surface electrodes integrated in endotra-
cheal intubation tubes. The device alerts the surgeon with sound. In addition, the
current changes in the device screen can be recorded and provide legal basis for the
surgeon [27].

In patients undergoing peroperative recurrent nerve monitoring, selection of
anesthesia is important.

The continued effect of the muscle relaxant agent will affect the results com-
pletely. Intubation can be done without using any muscle relaxant. And also, it can
be done with using agents which effect in a short time and break down in a short
time. For this purpose, succinylcholine is often preferred as a short-acting depolar-
izing neuromuscular blocking agent [28].

If there is a nerve injury, different methods of recurrent nerve repair, such as
microsuturing gluing and grafting, have been proposed [29]. Direct microsuture
is preferable when the defect is no longer than 5 mm and the primary repair can be
completed without tension [30]. After transection of RLN, immediate reconstruc-
tion could be performed by a direct, “end-to-end” anastomosis of neural stamps,
by three to four perineural stitches of 7-0 nylon thread, using microsurgical instru-
ments [31]. Cyanoacrylate glue has also been proposed for nerve repair but has been
criticized for its toxicity, excessively slow resorption, and risk of inflammatory
reaction in the perineural tissues [32].

When the proximal stump of the RLN cannot be used, grafting should be done
using the transverse cervical nerve, supraclavicular nerve, or ansa cervicalis [33].
First, start to identify ansa cervicalis on the surface of the internal jugular vein, and
branches to the sternothyroid muscles could be dissected. The proximal end of the
major branch could anastomosed to the distal RLN stump [34].

5.2 Lymphatics of the thyroid

The lymphatic drainage of the thyroid gland is wide and flows in a versatile pat-
tern. The Hollinshead pattern of drainage is divided into four different ways as the
median superior drainage, median inferior drainage, right/left lateral drainage, and
posterior drainage [35].

The median superior drainage passes through three to six lymphatic vessels
originating from the upper edge of the isthmus and the upper middle edge of the
lateral lobes. These lymphatic veins move upward in the direction of the larynx
and end in the digastric nodes. Some of the lymphatics can flow into one or two
(Delphian) nodes in the throat immediately above the isthmus [23]. Secondarily,
the anterior tracheal nodes under the thyroid through the lymphatic channels move
downward from the upper jugular nodes on either side of the neck or from the
Delphian nodes to the frontal side of the thyroid gland [12, 36].

The median inferior drainage consists of several lymphatic vessels draining to
the inferior portion of the isthmus and the lower medial parts of the lateral lobes
[36, 37]. These lymphatic channels follow the inferior thyroid veins to terminate
before the tracheal and brachycephalic nodes [12, 13]. Right and left lateral drain-
age patterns originate from the lymphatic bodies at the lateral border of each lobe
[12, 25]. The superior thyroid artery and vein are ascended, followed by the lower
thyroid artery at the bottom [13, 36]. Between these two groups, the lymphatic ducts
move lateral, anterior, or posterior to the carotid sheath to reach the lymph nodes
of the internal jugular vein [12-14, 36]. In rare cases, these lymphatic vessels drain
directly into the subclavian vein, jugular vein, or thoracic duct without flowing to

the lymph node [38].
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The posterior drainage pattern begins in the lymphatic vessels draining to the
inferomedial parts of the lateral lobes to discharge into the lymph nodes along the
RLN track [12, 36]. Rarely, a lymphatic body that rises posteriorly to the upper part
of the lobe reaches to the retropharyngeal nodes [36].

Several models of lymphatic drainage of the thyroid gland have been proposed,
and all of them are true and comprehended from the same basis. Another simpli-
fied drainage model is that emergency lymphatic drainage enters the periglandular
nodes, followed by the preterminal and paratracheal nodes along with the RLN and
then to the mediastinal lymph nodes [14, 36].

Although lymph node metastasis is known to increase recurrence, its effect on
prognosis and survival is still being discussed [39, 40]. All patients with lateral
LN recurrence could be therapeutic neck dissection and RAI ablation therapy as
adjuvant treatment [41].
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Advanced Ultrasound Techniques
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Thyroid Cancers
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Abstract

The most precise evaluation of thyroid masses is by high-sensitive ultrasound.
Complementary to B-mode ultrasound, elastography can add valuable information
by determining tissue stiffness—an important predictor for malignancy. All major
guidelines recommend nodules with high suspicious ultrasound characteristics
larger than 1 cm to be addressed to ultrasound-guided fine needle aspiration
biopsy (FNAB) to rule out malignancy. The main limitation of this procedure is
represented by indeterminate cytology, which accounts for up to 20-25% of biopsy
results. Molecular markers imply elevated costs and their performance needs
further study. Elastography may be helpful in establishing the optimal therapeutic
attitude for this cytological category. Currently, there are two ultrasound elastogra-
phy methods available for assessing tissue stiffness using the parallel deformation
to the applied force direction (strain) or the perpendicular deformation to the force
direction (shear wave). These methods will be presented and compared in this
chapter, with their indications and limitations for a better understanding of their
application in nodular thyroid pathology.

Keywords: thyroid cancer, ultrasound, elastography, strain, shear wave,
malignancy risk assessment

1. Introduction

Thyroid cancer incidence increased in the last three decades by up to 211%, not
only as a result of a better ability to detect very small lesions, by means of high-
resolution ultrasonography, but also secondary to a real increase of thyroid cancer
incidence, regardless of size, gender, or age groups [1, 2]. Even in these conditions,
the prevalence of thyroid cancer, in the entire group of thyroid nodules, reaches a
percentage of 15% [3], the main challenge for clinicians being the correct identifica-
tion of which nodules to refer to fine needle aspiration cytology (FNAC) or directly
to surgery, and which to follow by means of ultrasound evaluation [2, 4].

“A thyroid nodule is defined as a discrete lesion within the thyroid gland that is
ultrasonographically distinct from the surrounding thyroid parenchyma” [4]. Nodules
are usually noticed either by the patient when causing clinical disturbances or compres-
sive symptoms, or by the clinician when performing a thyroid screening or a radiologic
procedure such as carotid ultrasound or computed tomography of the neck [5].
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When evaluating a thyroid nodule, first line step is represented by running labo-
ratory tests (thyroid-stimulating hormone and thyroid hormones) and performing
ultrasound evaluation of the gland. Evaluation goals include identification of the
small percentage of malignant nodules, of those that impair thyroid function and of
compressive symptoms (dysphonia and dyspnea) [6, 7].

Personal or family history of thyroid cancer, significant exposure to radiations,
increases the malignancy risk of the nodule and should be screened for [8].

It is desired to have uniform and standardized reports, given the increased
accessibility of the ultrasound equipment and considerable number of clinicians
that perform this type of evaluation. Reports will always record nodule position,
number, extracapsular relations, and the following features of the lesions: size,
shape, margins, echogenicity, echo texture, internal composition (solid, cystic, or
mixed), presence of calcifications, and vascular pattern [2].

There are some US features described that are considered highly specific for
malignancy, as the presence of microcalcifications, rim calcifications, infiltrative
margins, extrathyroidal extension, mostly solid composition, marked hypoechoic
texture, and “taller than wide” shape, respectively, the vertical diameter bigger
than the transverse diameter. Spongiform appearance, smooth margins, and cystic
composition are associated with benignity [6].

Vascularization assessment is considered to have poor interobserver agreement
and it has highly dependent on the US equipment used [9].

Additionally, abnormal cervical lymph nodes should be assessed, especially in
patients with intermediate- and high-risk thyroid nodules [10].

Various authors and societies proposed risk-stratification systems for thyroid
nodules on US. They were initially introduced by classifying thyroid nodules which
displayed any suspicious feature as malignant. Thus, starting with Kim et al. in
2002, risk-stratification systems were conceived as qualitative grading systems.

Assessment based on a combination of US features has been proposed as a
better method of risk stratification. The system developed into a quantitative
scoring system, on which the concept of thyroid imaging reporting and data system
(TI-RADS) is based. Horvath et al., inspired by the previously existing breast
imaging reporting and data system (BI-RADS) score, introduced it in 2009. Since
then, the concept has permanently developed; each new concept proposed having
its advantages and limitations regarding their practical application [11]. There are
also data suggesting TI-RADS quantification is better than individual assessment of
the US characteristics [12].

Different diagnostic qualities are described for each model: Park model:

Se = 82%, Sp = 65% [13]; Kwak model: Se = 97.4%, Sp = 29.3% [14, 15].

Diagnostic accuracy for Russ’ TI-RADS model was evaluated comparatively
on gray scale alone and associated with elastography score. When compared to
cytological results, the study showed Se = 95.7, Sp = 61%, and NPV = 99.7% for gray
scale only; Se = 98.5%, Sp = 44.7%, and NPV = 99.8% for the combined model using
gray scale + elastography. For the operated group, these models were also compared
to pathology results showing Se = 93.2% for gray-scale TI-RADS and Se = 96.7% for
gray scale + elastography. It was estimated that the number of nodules sent to FNAB
decreased by 33.8% [9, 10, 16].

Stoian model also calculated strain ratio for each nodule, apart from qualita-
tive SE scoring, with excellent diagnostic value (AUC = 0.95761, 95% confidence
interval (CI)). In this case, Se = 97.93%, Sp = 86.20%, and NPV = 97.26%. Nodules
required for FNAB decreased by 43.7% [17].

The 2017 ACR-TIRADS applied on 100 thyroid nodules showed an overall
Se = 92% and Sp = 44%, with a 29% reduction in the number of nodules that
require biopsy [18].
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US-guided FNAB represents the next step in thyroid nodule evaluation and
is considered to be the most accurate and cost-efficient preoperative method for
identifying malignancy in thyroid nodular lesions, but its indications are broad and
differ in the guidelines [19, 20]. Complications are rare and are usually represented
by local pain or minor hematomas, but patients are still sometimes reluctant to
undergo this procedure [21]. Prior the FNAB, the patients can be questioned for
the use of blood thinner drugs and hematologic disease such as bleeding-clotting
disorders.

A category-based reporting system was developed and standardized for thyroid
FNAB specimens by The Bethesda System for Reporting Thyroid Cytopathology
(and it has been broadly adopted). Based on this reporting system, thyroid nodule
cytology can be classified in one of the following six categories: (I) nondiagnostic,
(IT) benign, (III) atypia or follicular lesion of undetermined significance (AUS or
FLUS), (IV) (suspicion of) follicular neoplasm, (V) suspicious for malignancy, and
(VI) malignant [22-24].

Each category has its evidence-based recommendation for further clinical
behavior according to its estimated malignancy risk. The real challenge concerns the
management of indeterminate cytology lesions (Bethesda categories I1I-V) [22].

Benign cytology accounts for 60-70% of FNAs, malignant findings for about
5% —papillary thyroid carcinoma (PTC) being the most common, and indeterminate
cytology for 10-20% of specimens—atypical modifications, follicular or Hurthle cell
cancers. The indeterminate category has anywhere from 15 to 60% risk of malig-
nancy, depending on the specifics of the report. Studies recently showed that molecu-
lar markers can help future distinction between benign and malignant nodules in this
cytological category but there are no recommendations currently in use [20].

The American Association of Clinical Endocrinology 2016 guidelines recom-
mend FNAB for nodules with high US risk if they are >10 mm, for intermediate
US risk nodules >20 mm, and low US risk lesions >20 mm that are increasing in
size or have thyroid cancer history. For nodules between 5 and 10 mm in diameter
with high-risk US characteristics, they recommend FNAC or watchful waiting.
Functioning nodules on scintigraphy that lack suspicious US characteristics do not
have recommendation for FNAC [4].

The American Thyroid Association (ATA) Management Guidelines refer to
FNAC also for intermediate risk nodules >10 mm [19].

The Korean Thyroid Association (KTA) 2016 Revised Guideline recommends that
highly suspicious nodules <1 cm should undergo FNAC in order to avoid unnecessary
long-term follow-up, given that 20-40% of nodules in this category are benign [25].

The number of nodules addressed to FNAC could be reduced, as 60-80% of
FNACs reveal benign lesions; this low percentage of malignancy detected in the
nodules sent to FNAC based on US imaging criteria points out the real need for a
more accurate US diagnostic evaluation [4, 6].

There are some drawbacks regarding FNAC results. About 5% of cases are
considered qualitative or quantitative insufficient for diagnostic, and Bethesda III
and IV categories are inconclusive for a final treatment recommendation. In the
presence of indeterminate cytology, the clinical judgment relies again on patient
background (clinical risk categories) and ultrasonography aspect [22, 26].

2. Ultrasound elastography—nodule stiffness as a malignancy
risk-stratification parameter

US elastography noninvasively evaluates the stiffness of a thyroid nodule by
measuring the distortion that appears when the nodule is compressed by external
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pressure (strain elastography) or by assessing the attenuation of the shear waves
(shear-wave elastography) generated by the transducer [10].

Elasticity is the ability of tissue to resist deformation when an external force
is applied, or to resume its original shape after the force is removed [27]. Loss of
elasticity of a tissue on palpation or elastography (“virtual palpation”) gener-
ates suspicion of malignancy. Most solid tumors are mechanically different from
adjacent tissues, presenting increased stiffness (decreased elasticity) owing to
desmoplastic transformation—more collagen and myofibroblasts [27, 28].

There are some fibrous benign tumors that can be hard on elastography (histio-
cytofibromas) and some malignant nodules with nonmodified elasticity that can be
missed by elastography (follicular carcinomas) [28, 29].

The different US elastography techniques that are currently available carry
various limitations in relation to the tissue shear properties and they may be in some
cases complementary [30]. Elastography can be easily used in the evaluation of the
thyroid gland considering its conveniently superficial location, but it is still not
widely adopted in practice or included in all the risk-stratification systems [31].

Presently, only one thyroid US elastography guideline has been published—
the “European Federation of Societies for Ultrasound in Medicine and Biology
(EFSUMB) Guidelines and Recommendations.” Recommendations are in favor of
using elastography as an extra tool to gray-scale ultrasound and for the follow-up of
nodules formerly benign in FNAB [32].

2.1 Strain (quasistatic) elastography

Strain elastography (SE) was the first to be used and most implemented
technique on US systems. Usually, very slight external pressure is applied by the
operator (or by acoustic radiation force impulse (ARFI)), or more recently, it has
the sensitivity to detect minimal endogenous physiological motion (vascular beam
movements and muscle contraction) [28, 30]. The imaging methods are a little
different for each manufacturer so each equipment will display images with slightly
different characteristics [33].

SE equipment does not offer direct quantification of stress. Elastograms illus-
trate relative stiffness and are calculated from the signal differences previously and
after compression, being displayed in parallel with B-mode image (split-screen) or
overlaid on the conventional B-mode image. Stiffness of the tissue is displayed usu-
ally in a continuous color map from red (soft or no strain) to green (intermediate
or equal strain) to blue (hard or no strain). There are some systems available on the
market that use a reverse color scale [34, 35].

A visual colorimetric analysis based on the displayed qualitative map image
will be made [32]. Two scoring systems have been proposed for the qualitative
assessment of nodule elasticity: the Asteria and Rago systems. Asteria classifies
nodules on a scale from 1 (entirely elastic nodule) to 4 (entirely stiff nodule). Rago
includes the first four Asteria classes with the addition of the fifth score (entirely
stiff nodule, infiltrating in the posterior shadowing area) [35]. Lesions that appear
homogenous or with low stiffness are considered benign, while lesions that present
increased stiffness are considered to have high malignancy risk [28].

SE machines use special software for an objective semiquantitative determina-
tion providing a numeric value: the strain ratio (SR). This method of elasticity
assessment represents the ratio between strain value in the neighboring thyroid
parenchyma and the mean nodule strain (parenchyma-to-nodule ratio) or between
the strain in a neighboring strap muscle and the thyroid nodule (muscle-to-nodule
ratio) [32]. Probability of cancer grows with a higher strain ratio [35]. A study
conducted by Aydin et al. in 2014 showed that there are no significant differences
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between muscle-to-nodule ratio and parenchyma-to-nodule ratio, suggesting that
the first ratio could be safely used instead of last ratio in evaluating malignancy
risk when the thyroid parenchyma is abnormal [36]. SR is considered to be more
accurate than qualitative elasticity assessment. The final value will represent the
average of three measurements [37].

Widely different cutoff values have been described for the SR (between 1 and 5),
currently there is no general agreement: > 2 (Se = 97.3%, Sp = 91.7%) [38]; > 2.09
(Se =90.6%; Sp = 93%) [39]; >2.73 (Se = 89.3%; Sp = 73.2%) [40]; and > 3.79
(Se = 97.8%; Sp = 85.7%) [41]. Most of these studies included only solid nodules.

Elastography imaging to B-mode size ratio (EI/B ratio) has been suggested to
be useful in evaluation of breast lesions [42].

The area ratio (AR) is a semiquantitative assessment for SE in virtual touch
equipment that compares the nodule area on virtual touch image and B-mode, cal-
culating the mean of the three most accurate measurements. A malignancy cutoff
of 1.08 was suggested [43].

Hard arearatio is the ratio between the nodule hard area and the whole
nodule area. Different cutoff values for malignancy have been proposed: > 0.45
(Se = 98.2%; Sp =81.2%) [40] and >0.6 (Se = 92.9%, Sp = 91.3%). This parameter is
highly dependent on the examiner and has poor reproducibility [37].

The elasticity contrast index is available on Samsung machines and measures
the strain oscillation within a nodule and then uses complex calculation to deter-
mine local contrast. In a malignant lesion, there are large differences between low
and high strain regions, inducing important local contrast [44].

When choosing the place of the ROI, some aspects have to be taken into con-
sideration. It should be as proximal to the transducer as possible, it should cover
the entire nodule and “as much of the adjacent parenchyma as possible.” Manual
compression is quantified on most of the machines for better reproducibility:
optimal compression in Hitachi machines is considered between 3 and 4 and > 50 in
Siemens machines [32, 37].

There is a huge body of evidence regarding the diagnostic qualities of the SE
method in defining benign versus malignant lesion.

In a meta-analysis conducted in 2010 by Bojunga et al. that included eight stud-
ies (639 nodules), RTE recognized thyroid malignancy with overall mean Se = 92%
(88-96 CI) and mean Sp = 90% (85-95 CI). A significant heterogeneity was found
for specificity of the different studies [45].

Rago et al. conducted a study on 195 nodules, which concluded that RTE elas-
tography had Se = 94.9%, Sp =90.3%, PPV = 71.1%, and NPV = 98.6% in predicting
malignancy in nodules with indeterminate or nondiagnostic cytology. Worth men-
tioning is the high NPV of high elasticity-score nodules, which strongly predicts
benignity [46].

Another valuable study from Italy evaluated SE diagnostic accuracy on 498 nod-
ules showing Se = 97% and NPV = 97% when at least one suspicious US parameters
was also present [47].

A meta-analysis that included 20 studies evaluating SE diagnostic value in
benign or malignant nodules showed a pooled Se = 85% (95% CI, 79-90%),

Sp = 80% (95% ClI, 73-86%), NPV = 97% (95% CI, 94-98%), and PPV = 40% (95%
CI, 34-48%) [48].

Some of SE limitations are represented by its subjectivity, operator-dependency,
and compressibility-dependency [49].

Increased stiffness can be found in benign nodules with coarse calcification or
fibrosis, leading to false-positive results [45, 50].

When the evaluated lesion is located deeper, an elastogram can be obtained
if lesion can be visualized in the B-mode image, but it may require application of
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more stress by the examiner, which could alter the color map for more superficial
structures. If nodules are too deep, a false-positive stiff image can appear as a result
of reduced stress transmission [32].

Nodule size is not considered to interfere with SE evaluation accuracy, although
there are some studies that reported affected performance on nodules larger than
3 cm or very small lesions. WFUMB guidelines consider nodules larger than 3 cm
cannot be evaluated correctly because of their deeper parts and lack of healthy
adjacent tissue. Coalescent nodules can also not be assessed by SE [32, 37, 51].

Carotid pulsations interfere when external pressure is applied, particularly in
transverse incidence, the incidence being preferred for elastography with internal
force [32].

The reference surrounding parenchyma in the ROI should have at least 50%
green color to obtain an accurate strain ration [37].

Other limitations of SE are presence of peripheral rim calcification—increased
stiffness; large cystic component—SE in nodules with cystic components should
be assessed only for the solid component; necrosis—can present soft areas; nodules
under 5 mm—although a low size limit for SE use was not established; and obese
patients [50, 51].

Itis clear that strain elastography accuracy is highly dependent on the examiner’s
training. The interobserver variability has been evaluated by several studies that
recently showed excellent agreement between multiple observers [32]. It seems that
strain ratio is easily learned compared to elasticity score interpretation [52].

Different pathologies of the thyroid nodules can have an impact on SE appear-
ance. Currently, it is known that follicular carcinomas may appear elastic on SE,
so elastography is not a useful tool for evaluating this type of thyroid malignancy
(44% false-negative findings). Other particular pathologies that appear soft on
elastography and may lead to false-negative results are medullary carcinomas and
metastatic carcinomas [32, 45].

2.2 Shear-wave elastography

Shear waves are defined as transverse elements of particle displacement which
are very quickly attenuated by the tissue. Shear represents a modification of shape,
without a modification of volume [35, 53]. Tissue propagation of shear waves is
much slower in comparison to longitudinal waves. They do not propagate well in
water, being rapidly attenuated, but they do propagate in elastic media [54].

Shear-wave elastography (SWE) is more operator-independent, and therefore,
more reproducible [35]. Quantitative and qualitative assessment of tissue elasticity
can be obtained by measuring the shear wave speed. Several applicable methods are
available [27].

1D Transient elastography is widely used for estimating liver fibrosis
(Fibroscan and Echosens). It cannot be performed with a standard transducer on
regular ultrasound equipment. The probe used by this device incorporates an US
transducer as well as a vibrating device that exerts an external vibrating “punch” to
generate shear waves that will propagate through tissues [27].

In monoplane shear-wave elastography (pSWE), ARFI mechanically excites
the tissue in the region of interest (ROI) using acoustic push pulses which gener-
ate localized tissue displacements in the US axial direction—perpendicular to the
surface. Shear wave speed measurements can be made up to 8 cm in depth (m/s)
[14, 30]. This approach is implemented on devices produced by Phillips (ElastPQ)
and Siemens (VitualTouch Quantification, VTQ) [27].

Biplane shear-wave elastography (SWE, 2D SWE, 3D SWE) offers a real-
time display of a color quantitative elastogram overlaid on a B-mode image and
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assessment of shear wave speed [27]. Supersonic shear wave uses focused ultrasonic
beams that spread through the whole imaging area, displaying on a color map the
velocity (m/s) of the shear wave or directly the elasticity (kilopascals) for every
pixel in the ROI. A series of parameters in the ROI can be measured: maximum
stiffness, mean stiffness, and standard deviation (SD) [35].

The following 2D-SWE technologies are currently available on US machines
by: Siemens (Virtual Touch Imaging Quantification, VTIQ), SuperSonic Imagine
(SWE), Philips (SWE), Toshiba (Acoustic Structure Quantification), and GE
Healthcare 2D-SWE) [27].

The largest recent meta-analysis by Zhang et al. included 16 studies that used
ARFI-generated SWE to evaluate 2436 nodules had mean Se = 0.80 (95% CI,
0.73-0.87) and Sp = 0.85 (95% ClI, 0.80-0.90) in detecting malignancy. Both Se and
Sp were found significantly heterogeneous in all the included studies [55].

Another meta-analysis (Dong et al.) on 13 retro/prospective studies detected high
ARFIVTQ efficacy in detecting thyroid cancer, with pooled Se = 86.3% (95% CI,
78.2-91.7) and Sp = 89.5% (95% CI: 83.3-93.6) [56].

A meta-analysis by Lin et al. included 15 studies that used point-SWE or 2D
SWE to investigate 1867 nodules. The pooled Se = 84.3% (95% CI, 76.9-89.7%),

Sp = 88.4% (95% CI, 84.0-91.7%), PPV = 27.7-44.7%, and NPV = 98.1-99.1% [57].

All the mentioned meta-analyses concluded that SWE (pSWE and 2-D SWE)
are useful in detecting thyroid malignancy as a complementary tool to gray-scale
US, which is also a stated recommendation of WFUMB 2017 guidelines [32].

Five to ten consecutive measurements are needed in order to obtain a valid
median result [32].

Cutoff values again range widely and have been reported for shear-wave velocity
between 2.4 and 4.7 m/s [32].

One study on 476 nodules established an EI cutoff mean value of above 85 kPa
(Se = 95%) or one maximum value of above 94 kPa [58]. Another study on VTQ of
ARFI reported a cutoff point for velocity = 2.87 m/s and for SWV ratio = 1.59. The
study also pointed out this SWE method has highest diagnostic value for nodules
>20 mm [59].

Other studies reviewed in the WFUMB guidelines showed cutoff values ranging
from 2.55 to 2.75 m/s [60-63].

Interobserver and intraobserver reproducibility were reported to be high. One
study conducted by Grazhdani et al. showed high concordance rate (k = 0.75)
between two observers [64].

For the characterization of the thyroid lesion, a quantitate measurement for the
mean value or maximum value of an elasticity is used. Similar to SE, an SR can be
obtained by comparing adjacent normal parenchyma or surrounding muscle [32].

Some of ARFI technique limitations will be briefly presented.

The size of the ROl is fixed (5 x 6 mm or 20 x 20 mm)—small nodules cannot
be accurately measured. Also for nodules smaller than 20 mm, wave velocity is
not stable. Composition of nodules: cystic composition or calcifications cannot be
evaluated—it is impossible to place the ROI inside the nodule. Depth is an impor-
tant limitation for both pPSWE and 2D SWE—the ARFI cannot penetrate nodules
deeper than 4-5 cm; ARFI can measure velocities only up to 9 m/s—harder nodules
or areas will not be evaluated properly: the value “x.xx m/s” will be shown.
Nodules that are located on the thyroid isthmus are a challenge due to their interpo-
sition between the stiff trachea and the skin [32, 37].

Again, not all malignant nodules are elastic. Follicular carcinomas are described
as soft lesions and are difficult to differentiate from benign lesions. A study by
Samir et al. proposed a cutoff value of 22.3 kPa for distinguishing thyroid follicular
cancer from benign follicular lesions (Se = 82%; Sp = 88%) [65].
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For accurate results, an experimented examiner should always perform SWE
evaluation of the thyroid. The pressure applied on the transducer can influence the
evaluation results [32].

There are also clear recommendations that in the presence of a stiff nodule, the
FNAB is recommended, regardless the conventional US characteristics.

In the AACE guidelines, a nodule with high stiffness is directly included in the
intermediate risk group, elevated stiffness being listed as one of the AACE criteria
for FNAB. There is a grade-B recommendation for nodules that are stiff on elastog-
raphy to be addressed to FNAB [7].

Also, in the presence of indeterminate cytology findings, they suggest that
elastography to be considered for extra information. Combined elastography and
B-mode US is presented to be more trustworthy when excluding nodules from
biopsy evaluation [7].

ATA guidelines acknowledge usefulness of US elastography for noninvasive
assessment of malignancy risk when accurate evaluation can be made, but it
can neither recommend its universal adoption, nor its replacement of classic US
assessment [19].

European Thyroid Association (ETA) guidelines also state that elastography,
with its high NPV, can be a helpful instrument for thyroid nodule evaluation and it
may be used together with gray-scale US, but not replace it [10].

2.3 RTE versus SWE elastography

As mentioned in the EFSUMB guidelines and showed in literature data, both SE
and SWE represent a useful tool in thyroid nodule stratification of malignancy risk,
complementary to gray-scale evaluation [32].

Different studies have reported a wide range of values for Se and Sp when
comparing the two-elastographic methods.

A big meta-analysis on 71 studies with a total of 16,624 patients showed that RTE
is slightly better in differentiating benignancy from malignancy in thyroid lesions,
with pooled Se = 82.9% for RTE; Se = 78.4% for SWE and Sp = 82.8% for RTE; and
Sp = 82.4% for SWE [66].

A head-to-head comparison of two elastographic methods was made only in a
few studies.

In a publication by Liu et al., 49 patients (64 nodules) underwent both SWE and
RTE evaluation and results were compared to pathology results. For SE, qualitative
assessment was made using Rago classification (score 4-5 considered as malignancy
suspicious) and for SWE—min and max mean elasticity were measured, cutoff
mean value was 38.3 kPa, with Sp = 68.4%; Se = 86.7%; NPV = 86.7%; PPV = 68.4%
for SWE and Sp = 79%; Se = 84.4%; NPV = 83.3%; PPV = 64.7% for RTE. The
study established that SWE is a promising method for the evaluation of thyroid
malignancy risk, with similar value to RTE, its sensitivity being a little lower and its
specificity a little higher [67].

A 2017 meta-analysis (Hu et al.) is evaluating 22 studies, which simultaneously
evaluated diagnostic performance for thyroid malignancy using both RTE and
SWE techniques. The results showed that the pooled Se = 0.79 (95% ClI, 0.73-0.84),
Sp = 0.87 (95% CI, 0.79-0.92) for SWE compared with Se = 0.84 (95% CI, 0.76-0.90),
Sp = 0.90 (95% CI, 0.85-0.94) for RTE, was significant lower for SWE technique
(p < 0.05) [49].

Another study evaluated 138 nodules using gray-scale US, ARFI imaging and
qualitative strain elastography. Combination of ARFI and RTE specificity for detect-
ing malignancy increased by 20% (Sp = 92 vs. 72% for RTE only), but sensitivity
decreased by 28% (Se = 48 vs. 76% for RTE alone). When ARFI cutoff was adapted
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for the combined methods (ES 3-4 and ARFI >1.11 m/s), sensitivity was unchanged,
specificity increased by just 3%. Therefore, there was no significant change in
accuracy of finding malignant nodules when combining the two methods [63].

Although most literature data suggest RTE is slightly more powerful in differen-
tiating thyroid cancer, there is currently no consensus about which method is better
and both SE and SWE proved to add important value to classic US evaluation in the
preoperative approach of thyroid nodules.

2.4 Elastography: place in indeterminate cytology results

Nondiagnostic and indeterminate cytology represent the great limitations of
FNAC and gray-scale US can sometimes be poorly predictive. About half of these
nodules can avoid surgery by performing a second biopsy [68]. There was one study
that reported higher prevalence of cancer on repeat FNAB, maybe as a consequence
of the class of high-risk nodules that underwent second FNAB [69].

For the clearance of this cytological category, there is currently a general pro-
posal to use molecular markers, but there is still no consensus regarding which
panel should be used [70].

Several molecular markers have been studied in indeterminate FNAB cytology
findings. The most studied mutations/rearrangements include BRAF, RAS, RET/
PTC, and PAX8/PPARy. These markers can predict (“rule in”) malignancy with
very high sensitivity, having a high positive predictive value (PPV) but if they are
not present, malignancy cannot be “ruled out,” having a low sensitivity and nega-
tive predictive value (NPV) [70, 71].

The most common molecular tests used in this rapidly developing field will be
shortly presented. The Afirma Gene Expression Classifier (GEC) is a microarray
test which investigates mRNA expression of 167 genes [72]. This test has been
reported to have high NPV (up to 95%) in the Bethesda IIl and IV categories,
but low PPV (14-57%), which makes it useful only as a “rule-out” test [72, 73].
ThyGenX test identifies over 100 mutations associated with thyroid cancer, using
a next-generation-sequencing (NGS). ThyraMIR is a newer test (used comple-
mentary to the ThyGenX) that analyzes 10 different microRNA molecules that
are considered to contribute to cell differentiation and proliferation in thyroid
pathology. Combining ThyGenX and ThyraMIR in nodules with indeterminate
cytology showed Se = 89%, Sp = 85%, NPV = 94%, and PPV = 74% [72, 74].
ThyroSeq v2 includes analysis of a panel of >1000 mutations and RNA alterations,
with Se = 90%, Sp = 93%, PPV = 83%, and NPV = 96%, suggesting that this test
may be useful as both “rule-in” and “rule-out” test for Bethesda III and IV cytol-
ogy [72, 75]. It has been suggested that the thyrotropin receptor (TSHR) mRNA
test can be useful in indeterminate nodules, its expression being helpful for early
diagnosis of PTC [72, 76, 771].

Currently, there is no individual molecular marker that can certainly rule out
malignancy in indeterminate nodules and it is still debatable if there is a cost-
effective combination of these markers that can be used [4, 70, 71].

Elastography has been suggested to define more accurately the presurgical
malignancy risk in this cytological category to help clinician’s decision whether to
repeat biopsy or follow-up [32].

A study by Rago et al. tried to refine diagnosis in this category of nodules (142
indeterminate and 53 nondiagnostic). All patients have been examined by gray-
scale US, color Doppler, and qualitative RTE (modified Ueno score). Indeterminate
cytology score 1—highly elastic nodule—was found strongly predictive of benignity
(p < 0.0001); combination of scores 2 and 3 showed Se = 96.8%, Sp = 91.8%, and
NPV = 99.0% for predicting malignancy. In nondiagnostic cases, Sp, Se, and NPV
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showed poorer Se, Sp, and NPV for all elastography scores. When considering
both indeterminate and nondiagnostic, the overall Se = 94.9%, Sp = 90.3%, and
NPV = 91.3% for scores 2 and 3 [46].

In another study, qualitative RTE failed to make a correct distinction between
benignity and malignancy in thyroid nodules, cancer was found in 50% of nodules
scored 1 or 2 on elastogram and in 34% of score 3 nodules. Quantitative assessment
of elasticity was suggested [78].

A comparison between 2D-SWE (VTIQ ) and molecular testing (Afirma GEC)
was made in a prospective study in nodules with indeterminate FNAC. SWV
cutoff for malignancy risk was defined at above 3.59 m/s with Se = 83.9% and
Sp = 79.2%. SWV measurements were made in the stiffest section; authors men-
tion that measurements of a larger area may result in a decreased SWV. The
GEC-suspicious group had Se = 90.3% and Sp = 74.2% (PPV of only 47.5%, but
NPV of 96.7%). The study concluded that both SWV and GEC can independently
predict thyroid cancer with similar diagnostic value and are particularly useful in
this cytological category [79].

A more complex study compared diagnostic efficiency of SWE, semiquantita-
tive SE (strain index), classic US, CEUS, and BRAF mutation test in indeterminate
cytology, but the number of evaluated nodules was relatively small. The study
outcomes confirmed a slightly better efficiency for RTE compared to SWE in distin-
guishing malignancy; strain index was the one parameter that showed significant
correlation with pathology results. RTE and SWE do not seem interchangeable but
may be used complementary. Interestingly, when strain index, SWV, and BRAF
mutation were considered together, Sp was enhanced, but Se was lower compared to
US findings alone [68].

This cytological category still remains uncertain in diagnosis, and in some cases,
a strategy that combines advanced ultrasound methods was documented to provide
higher accuracy in diagnosis than use of a single technique [68]. More studies are
required concerning this approach.

2.5 Contrast-enhanced ultrasound (CEUS)

The use of contrast agents in ultrasonography has widely expanded in clinical use
and may play an important role in identifying thyroid cancers by evaluating tumor
microcirculation. New-generation contrast agents (SonoVue) are administered
intravenously and contain sulfur hexafluoride microbubbles that stay in the blood
flow for a while. The examiner focuses the US image on the ROI and a contrast-
enhanced image is displayed, detecting microvascular changes in the lesion that
classic Doppler cannot display [80].

CEUS has already changed approach in management of liver lesions, signifi-
cantly improving the number of unnecessary biopsy indications [81].

In studies where CEUS was performed on thyroid lesions, malignity was indi-
cated by hypoenhancement and heterogeneity [80]. Hypoenhancement can be
explained by the absence of blood supply in the central area of the tumor, due to
thrombus formation, vascular compression, and necrosis. Neovascularization is
mainly marginal, promoting tumor expansion [82]. Heterogeneity is explained by
the complex and aberrant composition of cancerous lesions (fibrotic, presence of
calcifications, and necrosis areas) [80, 82].

Other indicators of malignancy are the time of wash-in and wash-out, but
results are controversial. Some studies described early wash-in and wash-out in
malignant lesions [83, 84], while others have shown late-phase enhancement for
thyroid cancers compared to perinodular tissue [85] or no significant difference in
the time of enhancement for benign versus malignant nodules [86].
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Adenomas are characterized by homogeneity and peripheral ring enhancement [80].

Two recent meta-analyses on CEUS diagnostic accuracy showed the pooled
Se = 0.88 (95% CI, 0.85-0.91); pooled Sp = 0.90 (95% CI, 0.88-0.92) [87]; and a
pooled Se = 0.853, pooled Sp = 0.87 [88].

Some benign nodules showed pattern described for malignant ones and vice
versa, so an assessment of both elastography and CEUS was combined in some
articles.

A study by Zhan et al. aimed to evaluate the aid of CEUS in diagnosis of thyroid
malignancy. First, 200 thyroid nodules were evaluated using ARFI technique. A
number of 40 nodules that were in the “gray zone” underwent CEUS. ARFI accurately
diagnosed 82% of the total nodules, while CEUS accuracy was 90% (p < 0.05) [89].

Cantisani et al. compared Q-elastography with CEUS in thyroid cancer
assessment. Study results showed that both methods outclassed gray-scale US,
but Q-elastography was more sensitive than CEUS (Se = 95%, Sp = 88% for
Q-elastography; Se = 79%, Sp = 91% for CEUS) [83].

However, more studies are required for evaluating the true usefulness of this
relatively new and promising technique in the differentiation of malignant from
benign thyroid nodules.

3. Conclusions

Given the great number of thyroid lesions and the rising incidence of thyroid
cancer, a correct preoperative distinction between benignity and malignancy in
nodular pathology is crucial.

Ultrasound elastography represents the most important advance in US imaging
since Doppler. It proved to serve as an important tool in selecting candidates for
surgery. Elastography is a noninvasive, nonirradiating method that can be eas-
ily learned, adds only a few minutes to classic US evaluation, but provides truly
valuable additional information. Unfortunately, this technique is still quite new
and not widely used in clinical practice, so its universal adoption cannot be recom-
mended by the guidelines, but there is important evidence of its clinical utility and
its application in current practice is increasing. As any imaging technique, it holds
its limitations [90].

This technique cannot replace the classic, gray-scale ultrasound, and should be
used complementary to it [7, 10, 25].

Due to its high NPV, thyroid nodules that are scored soft on elastography are
highly likely to be noncancerous and can be followed-up, avoiding FNAB [91].
Therefore, elastography reduces the need for FNA by up to 43% of cases compared
to gray-scale risk stratification [17]. It also identifies stiff nodules that need biopsy
and can be missed by gray-scale US alone. Even lesions with low-risk features, but
high stiffness, are recommended for FNAB [91].

In the case of indeterminate cytology, clinical judgment can be a real challenge
for practitioners. Elastography proved to predict malignancy better than B-mode
parameters and can be essential in further management decision for nodules in this
category.

For an accurate result, it is important that the evaluation should be performed
by an experienced operator.
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Abbreviations

FNAB fine needle biopsy

US ultrasonography conventional

Se sensitivity

Sp specificity

NPV negative predictive value

PPV positive predictive value

AACE American Association of Clinical Endocrinology

ATA American Thyroid Association

ETA European Thyroid Association

EFSUMB European Federation of Societies for Ultrasound in Medicine and
Biology

WFUMB World Federation for Ultrasound in Medicine and Biology

AR area ratio

ARFI acoustic radiation force impulse

SE strain elastography

SWE shear-wave elastography

CEUS contrast-enhanced ultrasound

AUS atypia of undetermined significance

FLUS follicular lesion of undetermined significance

ROI region of interest

EI/B ratio elastography imaging to B-mode size ratio
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Chapter 4

Papillary Thyroid Carcinoma
Intertwined with Hashimoto’s
Thyroiditis: An Intriguing
Correlation

Maria V. Deligiorgi and Dimitrios T. Trafalis

Abstract

Nlustrating the ancient link connecting inflammation with cancer, the correla-
tion of papillary thyroid carcinoma (PTC) with Hashimoto’s thyroiditis (HT) has
long been pursued as intersection of autoimmunity-induced chronic inflammation
and tumor-induced immunity. The dramatic rise of the incidence of PTC over the
last decades—the main culprit for “thyroid cancer (TC) epidemic”—parallels the
increasing incidence of HT, potentially reflecting a pathogenetic link that could
be harnessed in diagnostics and therapeutics. Prompted by this perspective, in the
present chapter, we dissect the hitherto elusive interrelationship of PTC with HT,
focusing on four issues: firstly, an unresolved conundrum is whether PTC emerges
due to or notwithstanding immune response or mirrors the “tumor defense-induced
autoimmunity.” Secondly, the interrelationship of HT with PTC may be merely epi-
phenomenon of selection bias inherent in thyroidectomy series. Thirdly, the impact
of HT on coexistent PTC is equivocal—host protective versus tumor protective.
Fourthly, translating serum concentrations of thyroid autoantibodies and thyroid-
stimulating hormone (TSH) into predictive and prognostic PTC biomarkers
dichotomizes, till now, the researchers. In the era of precision medicine, illuminat-
ing whether HT precipitates PTC or vice versa is awaited with anticipation in order
to refine the preventive and therapeutic policy counteracting “TC epidemic.”

Keywords: papillary thyroid carcinoma, hashimoto’s thyroiditis,
anti-thyroglobulin autoantibodies, anti-thyroperoxidase autoantibodies,
thyroid-stimulating hormone

1. Introduction

Initially reported by Dailey et al. in 1955, the correlation of papillary thyroid
carcinoma (PTC)—the most common thyroid cancer (TC) histotype—with
Hashimoto’s thyroiditis (HT) [1] has long been pursued, rekindling the ancient
link between inflammation and cancer [2]. Bearing in mind the rising incidence
of PTC over the last decades [3], establishing causality between PTC and HT—
an issue highly contested—could lay the groundwork for a preventive policy.
Moreover, harnessing the interrelationship of PTC with HT could refine thera-
peutics with respect to PTC. The present chapter dissects the correlation of PTC
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with HT, delving into a strongly insinuated immunological link. A comprehensive
review of current literature emphasizes on the bewildering clinical significance
of the interrelationship of PTC with HT. The intriguing predictive and prognostic
value of serum concentrations of thyroid autoantibodies and thyroid-stimulating
hormone (TSH) in the context of PTC coexistent with HT paints a more nuanced
and sophisticated picture.

2. Tailoring the treatment of PTC: where does coexistent HT stand?

Thyroid cancer (TC) is the most common endocrine malignancy [4], though
comprising only 2.1% of global cancer burden [5]. It is estimated that 52,070 new
TC cases will occur in 2019 in the United States, while 2170 patients will die of this
cancer type [6]. Derived from follicular epithelial cells, PTC constitutes the most
common TC subtype in iodine sufficient areas, accounting for 85% of differenti-
ated TC (DTC) [7] and 70-80% of TC [8]. In light of the interface between “TC
epidemic” and “epidemic of diagnosis,” a true increase of the incidence of PTC due
to environmental, hormonal, and lifestyle risk factors appears to be merged with
overdiagnosis of subclinical disease owing to meticulous screening [3, 9-11].

The indolent nature of PTC imposes a paradigm shift from ameliorating 10-year
survival rates exceeding 90% to eliminating the recurrence incidence that hovers
at 15-30% [12]. Individualization of therapeutic approach is deemed to confront
the emerging challenges [13]. Seminal studies [4, 14, 15] recently illuminated the
“dark matter” of the previously unidentified driver genetic events in 96% of PTC
[4], being translated into molecular-based risk-adapted therapeutic strategies [7].
Although surgery is the cornerstone of treatment of PTC, a tailored approach with
respect to the extent of thyroidectomy and lymph node dissection, the radioiodine
ablation, and the management of radioiodine-refractory recurrent/metastatic
disease has been endorsed [7].

Provided that the clinical relevance of the increasingly reported interrelation-
ship of PTC with HT is clarified, the incorporation thereof in current PTC risk
stratification systems may empower a personalized treatment. This perspective is
anticipated to build on accomplishing a fine-tuned balance in terms of decision-
making concerning PTC, precluding both overestimating an innocent disease and
ignoring a metastatic potential.

3.HT ata glance

HT, originally designated as “struma lymphomatosa” by Dr. Hakaru Hashimoto
in 1912 [16], is the most common autoimmune thyroid disease and the most com-
mon cause of hypothyroidism in iodine sufficient areas, showing a worldwide
annual incidence varying from 0.3 to 1.5 cases per 1000 individuals [17]. An
insightful approach concerning the multifactorial etiology of HT has been proposed
by Weetman et al.: aligned in a way reminiscent of the wholes of the Swiss cheese
are genetic factors acting as susceptibility loci—major histocompatibility human
leukocyte antigen (HLA) genes, immunoregulatory genes, thyroid specific genes-
environmental factors—excess iodine intake, viral infections, stress, endocrine
disruptors—as well as non-modifiable intrinsic factors—female sex, parity, age.
Traversed by a hypothetical arrow, this conceivable line translates in a catastrophic
event [18].

The histopathologically confirmed HT is characterized by diffuse lymphocytic
infiltrate, formation of lymphoid follicles with germinal centers within normal
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thyroid tissue [19], and, potentially, atrophy of parenchymal tissue gradually
replaced by fibrous tissue [20]. The identification of the autoantibodies hallmark
of HT in 1936 [21] paved the way for Rose and Witebsky to designate HT as the
archetype of autoimmune destructive disorders [22]. Whereas the pathogenesis
of HT is unclear, crucial is considered the imbalance between T-helper (Th)2
cells—Th CD (cluster of differentiation)4+ cells credited with stimulation of

B cells, which in turn produce thyroid autoantibodies- and Thi cells-cytotoxic
Th CD4+ cells directly attacking the thyroid follicular cells. This concept has
been refined by the imbalance between Th17 cells and Th cells producing mainly
IL-17, involved also in carcinomas- and T regulatory (Treg) cells-Th CD4+ cells
deemed to halt the immune response [23]. Especially, an increased TH17/Treg
ratio ascribed to both enhancement of TH17 expression and decrease of Treg is
involved in the pathogenesis of HT [24]. Incriminated for the depletion of thyro-
cytes in HT is principally the autocrine/paracrine Fas-/Fas ligand (FasL)-induced
extrinsic apoptotic pathway [24, 25].

4. Rationality in the investigation of the interrelationship of
PTC with HT

Apart from the well-established connection of HT with thyroid lymphoma
[26], which is beyond the scope of the present chapter, the association of TC with
HT concerns almost exclusively the PTC [27], alluding to a discriminating, though
unknown, pathogenetic link.

Since PTC is conceived as the main culprit for the explosive rise of TC incidence
[3], the hypothesis that the increasing incidence of HT hastens the “TC epidemic”
is appealing. Considering that the inflammation has been envisaged as the “seventh
hallmark of cancer” [28], the autoimmunity-induced inflammatory milieu [29]
merits further interrogation as the missing piece in the puzzle of the interrelation-
ship of PTC with HT.

An alternative explanation that cannot be ruled out is that third extraneous
variables actually cause the coexistence of PTC with HT. Indeed, both PTC and
HT are precipitated by an interplay among genetic factors and environmental
influences most of which are shared by the two entities. Emphasis is placed on
risk factors implicated in the pathogenesis of both PTC and HT, such as female
predominance, excess iodine intake, and exposure to radiation [30-34], implying a
spurious correlation.

Nonetheless, a common origin of PTC and HT from cancer stem cells expressing
p63 proteins—homologs of p53 proteins postulated to regulate squamous stem cell
commitment—has been suggested. In fact, the cancer stem cells constitute plu-
ripotent cells deemed to remain undifferentiated or undergo benign squamoid and
glandural maturation or be differentiated to follicular epithelial cells, harboring the
potential to elicit both PTC and HT [35, 36].

The interrelationship of PTC with HT spurs a realm of intense research, princi-
pally in four respects. Firstly, the pathogenetic link between HT and PTC remains
elusive; however, accumulative evidence suggests that these two entities are immu-
nologically linked [29]. Secondly, some authors argue that this interrelationship is
merely epiphenomenon of selection bias inherent in studies encompassing surgical
series [37, 38]. Thirdly, equivocal—favorable versus unfavorable—is the impact
of HT on the prognosis of concurrent PTC [39-48]. Finally, the translation of the
serum concentrations of thyroid autoantibodies [49-56] and thyroid-stimulating
hormone (TSH) [55, 57-63] into predictive and prognostic PTC biomarkers incites
a perpetual conflict.
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5. Exploring the immunological link between PTC and HT

Compelling evidence insinuate that the PTC and the HT represent two extremes
in the continuum of immune response. In cancer, dominant is an anti-inflammatory
response dictated by cancer cells per se, counteracting the antitumor immune surveil-
lance. Quite the contrary, an overactivated inflammatory response owing to breakage
of self-tolerance attacks host tissue cells, resulting in tissue damage in the context
of autoimmune diseases. Despite the fundamental differences between the tumor
microenvironment and the autoimmune milieu, certain parallel aspects of these
two landscapes have been recognized [64]. For instance, the macrophages (M) and
the neutrophils (N)—cells of myeloid origin—are encountered in both cancer and
autoimmunity that act as well-coordinated partners to orchestrate the innate immune
attack. Showing plasticity, these cells transition from proinflammatory M1/N1 polar-
ization, devoted to kill pathogens or cancer cells, to anti-inflammatory M2/N2 polar-
ization, dedicated to repair tissue damage and promote angiogenesis. A shift toward
M2 macrophage polarization is a core component of tumor microenvironment,
observed in autoimmune milieu as well, providing a hint to the interface thereof.
Furthermore, supportive of the tumor-promoting M2 macrophage polarization is the
local hypoxic milieu inherent in both autoimmune and cancerous diseases [64].

The elucidation of the continuum of immune response could provide insights into
the pathogenetic background of the coexistence of PTC with HT. Given that the mac-
rophage phenotype M2 is considered tumor-promoting contrary to the antitumor
effect of M1 phenotype, an appealing hypothesis connecting PTC with HT is derived
from the intrathyroidal immune profiling of euthyroid HT conducted very recently
by Imam et al. [65]. The immune infiltrate in euthyroid HT proved to contain low
count of natural killer (NK) cells, facilitating the differentiation of the macrophage
phenotype MO to the M2 phenotype, which in concert with the observed low count of
M1 macrophages may interpret the higher risk of PTC inherent in euthyroid HT [65].

Interestingly, overexpression of Toll-like receptors (TLR)—cell surface recep-
tors credited with recognition of pathogen-related molecules, crucial for activation
of innate and adaptive immunity—is detected immunohistochemically in human
thyrocytes surrounded by immune cells in all patients with HT. The high basal TLR3
mRNA levels observed in PTC, reinforcing the shared immunological landscape,
are consistent [66, 67].

Dissecting the interface of HT with PTC is expected to unveil novel targets for
immunomodulation. For instance, triggering the innate immunity via the TLR5
agonist flagellin, being already in clinical trials as inducer of NK activation [68],
could be interrogated as a modality to reverse the M2 macrophage phenotype in
PTC coexistent with HT.

In pursuit of the immunological link connecting PTC with HT, three hypotheses,
rather interrelated, shape a conceptual framework outlined below.

5.1 Thyroid malignancy develops despite immune response in the
context of HT

Manifold mechanisms have been proposed to underlie the escape of PTC cells
from immune response in the context of autoimmunity: (i) the ability of PTC
cells to manipulate the expression of immune-regulatory cytokines, editing the
immune response; (ii) the enhancement of Treg known to suppress the NK cell
effector functions, mainly the cytotoxicity; and (iii) the promotion of expression
of specific surface molecules facilitating tumor development and growth, such as
the membrane-bound transforming growth factor b (TGFb), histocompatibility
antigen, class 1, G (HLA-G), FasL, and B7 homolog 1(B7H1) [28].
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Moreover, the interrelationship of PTC with HT may empower the escape of cancer
cells from immune surveillance, consolidating the dogma that “cancer is a wound that
never heals since tumor cells hijack the wound healing machinery for their own gain”
[69]. In fact, a recently discovered “unexpected player”, the T cell double negative (DN)
CD4(-) CD8(-), expressed both in PTC and in thyroid autoimmunity, downregulates
the proliferation of activated T effector cells and the cytokine production, fostering
an immunosuppressive microenvironment [70]. Favoring immune tolerance, the
FOXP3+ Treg cells—crucial players of thyroid autoimmunity [71]—are encountered
also in PTC [70]. The dendritic cells (DCs), beyond governing the autoimmune milieu,
are also expressed in PTC, being responsible for the expansion of FOXP3+ Treg cells,
allowing the tumor immune evasion and, thus, enabling the PTC progression [72].

5.2 Thyroid malignancy develops owing to thyroid autoimmunity

The first detection of lymphocytes in neoplastic tissues by Virchow in 1863
[73] paved the way for the endorsement of chronic inflammation as a precipitating
factor for certain cancer types. In that respect, thyroid gland could be conceived as
an intersection of HT-induced chronic inflammation and cancer; however, a causal
relationship is yet to be defined. In light of the cancer-related inflammation (CRI),
the concurrence of PTC with HT might reflect either the malignant transforma-
tion ascribed to an autoimmunity-induced chronic inflammatory milieu (extrinsic
pathway) or the inflammatory response to tumor (intrinsic pathway) [74].

The perpetually overactive immune response in the context of HT initiates an
inflammatory vicious cycle with the potential to gear the journey of normal cells
toward malignancy, rendering the interrelationship of PTC with HT the epitome of
the extrinsic pathway of CRI [74].

Central in the extrinsic pathway is the “smoldering inflammation,” an ungoverned
inflammatory milieu orchestrated by immune/inflammatory cells, involving macro-
phages, immature DCs, and mast cells, expressing a myriad of cytokines, chemokines,
and growth factors, such as interleukin (IL)-1b, tumor necrosis factor a (TNFa), IL-6,
(C-C motif) ligand 2 (CCL2)/monocyte chemoattractant protein 1 (MCP-1), CXC
chemokine ligand (CXCL8)/IL-8, vascular endothelial growth factor (VEGF), as
well as reactive oxygen species (ROS) and reactive nitrogen species (RNS), spurring
tissue damage, neo-angiogenesis, and tissue remodeling [75, 76]. Implicated in this
milieu is the hypoxic microenvironment, inherent in both PTC and HT, favoring the
progression of tumor, reinforcing, among others, the neo-angiogenesis and the shift
of metabolism toward anaerobic glycolysis [64].

Overexpression of cyclooxygenase-2 (COX-2)—an enzyme involved in initiation [77]
and progression of thyroid tumors [78]—and inducible nitric oxide synthases (iNOS),
key elements of CRI, has been observed in epithelial cells of lymphocytic thyroiditis,
follicular adenoma, and PTC contrary to the absence or the limited expression thereof in
normal thyroid epithelium, potentially linking carcinogenesis to autoimmunity [79].

Intertwined with the extrinsic pathway is the intrinsic pathway: genetic altera-
tions caused by DNA damage induced by the “smoldering inflammation” [80]
trigger a proinflammatory transcriptional program [74]. For instance, the oncogene
RAS is involved in the induction of chemokine CXCL8 [75], an inflammatory
mediator of both cancer [75] and autoimmunity [64]. Moreover, phosphatase and
tensin homolog (PTEN) mutation, a key element of the oncogenic phosphoinositide
3-kinase (PI3K)/protein kinase B (AKT) pathway, leads to upregulation of hypoxia-
inducible factor-1 (HIF1), which, in turn, upregulates the CXC chemokine receptor
4 (CXCR4) [75], well-recognized player of autoimmunity [81]. Accordingly, the
observed activation of the PI3K/AKT pathway in HT, PTC, and HT coexistent with
PTC contrary to the absence of activation thereof in normal follicles is rational [82].
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Illustrating the common molecular background shared by PTC and HT, the
rearranged during transfection (RET)/PTC rearrangements—Ilandmarks of PTC—
are detected in 95% of HT [83]. Moreover, the RET/PTC1 rearrangement has been
detected more frequently in PTC coexistent with autoimmunity than PTC alone
(31% versus 13%, respectively) [84]. The inflammatory milieu fosters the genesis of
RET/PTC rearrangements either via secreting ROS and RNS [85]—the main culprit
for mutagenic-mediated DNA damage [2]—or sustaining the survival of thyroid
cells that harbor RET/PTC rearrangements.

The oncogenic RET/PTC-RAS-BRAF-mitogen-activated protein kinase (MAPK)
cascade [74] may connect the oxyphil cell metaplasia of HT with PTC, considering
the enhancement of the expression of RET, nuclear RAS, and extracellular signal-
regulated kinases (ERKs)—core components of MAPK cascade—not only in PTC
but also in oxyphil cells in the context of HT [86].

Further, experimental data unravel that the RET/PTC1 exogenously expressed on
normal human thyroid cells induces an inflammatory milieu involving crucial chemo-
kines and their receptors, promoting functions vital for tumor progression, such as pro-
liferation and survival of cancer cells [e.g., CXCR4/CXCL1] as well as neo-angiogenesis
(e.g., CXL1,2,3,5,6,and 8) [87].

Additionally, a constellation of RET/PTC1-induced molecules fosters the gen-
esis and evolution of cancer, including (i) matrix metalloproteinases (MMPs) and
dipeptidyl peptidase IV (DPP IV), molecules crucial for tissue remodeling, tumor
invasiveness, and neo-angiogenesis [87]; (ii) urokinase-type plasminogen activa-
tor (UPA) and urokinase-type plasminogen activator receptor (UPAR), involved in
cancer progression and metastasis [87]; (iii) L-selectin [87], an adhesion molecule
facilitating metastasis [88]; and (iv) osteopontin (OPN) and CD44, implicated in
proliferation and invasion of transformed PCCI 3 cells, rat thyroid follicular cells [89].

An intriguing RET/PTC3-induced mechanism pivotal for tumor progression is
the recruitment of CD11b+Grl+ myeloid-derived suppressor cells, providing cancer
cells with the advantage of evading immune surveillance [90, 91].

However, skepticism raise the technical limitations of the applied PCR tech-
niques and the lack of reproducibility of the results of studies detecting the RET/
PTC rearrangements in HT [92]. Furthermore, the equivocal nature of RET/PTC-
induced transcriptional program—tumor-promoting versus antitumor—should be
considered [87].

5.3 The immune attack against PTC triggers thyroid autoimmunity

The association of PTC with HT seems more intricate than initially conceived
in view of a seminal cyclic model governed by the overactive immune response,
acting as a driving force for carcinogenesis, while being also a marker of tumor
immunity [93]. An assumption that merits further exploration is whether the cross
reaction of antitumor immunity with normal thyrocytes may precipitate HT in
PTC patients genetically predisposed to thyroid autoimmunity, consolidating the
hypothesis of “tumor defense-induced autoimmunity” [29]. With the advent of the
era of cancer immunotherapy, new light on the coexistence of HT with PTC is shed
by the increasingly reported development of HT as an adverse event of the mono-
clonal antibodies blocking programmed cell death (PD) protein 1 (PD-1) and PD
ligand 1 (PD-L1). This revolutionary anticancer treatment unleashes the antitumor
immunity at the expense of abrogating the self-tolerance, exemplifying the “tumor
defense-induced” immunity [94]. For instance, a loss of circulatory PD1+ CD4+ and
CD8+ T cells, an increase in peripheral CD56+CD16+ NK cells and an increase in
activated monocytes have been implicated in pembrolizumab (anti-PD1 monoclo-
nal antibody)-induced thyroiditis [94].
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6. Does the coexistence of HT with PTC really exist?

An issue of major concern is whether the coexistence of PTC with HT is real or a
myth nurtured by methodological pitfalls implicit in studies addressing this issue.

The great variety of the incidence of the coexistence of PTC with HT ranging
from 0.5 to 38% [95] or, alternatively, from 5 to 85% is noticeable [96]. The results
of the meta-analyses addressing the coexistence of PTC with HT are highly diver-
gent [40, 48, 96, 97], as depicted in Table 1. The broad array of the mean rate of
PTC among patients with HT extending from 1.1 to 40.1% blurs the landscape
[97]. Nevertheless, according to a systematic review, the correlation of PTC with
HT is statistically significant with a relative risk (RR) of HT among PTC equal to
2.36 and a RR of PTC among HT equal to 1.40 [98].

In an attempt to annotate the diverse epidemiological profile of the coexistence
of PTC with HT, attention should be paid to the discrepancy among pertinent
studies concerning the design, the enrolled populations, and the histopathologic
definitions of HT [99]. Moreover, certain caveats hamper hitherto the interpreta-
tion of the lymphocytic infiltration and the positivity of thyroid autoantibodies.
Firstly, thyroid lymphocytic infiltration confirmed on histology has been signifi-
cantly associated with PTC even in the absence of thyroid autoantibodies [100].
Secondly, the pattern of Tg recognition by anti-thyroglobulin autoantibodies
(TgAbs) differs between autoimmune and non-autoimmune thyroid disorders,
being more restricted in autoimmune disorders as compared with nodular goiter
and PTC harboring no thyroid lymphocytic infiltration [101]. However, in PTC
correlated with histopathologically confirmed HT, the pattern of Tg recognition
does not differ from that observed in HT [101]. Thirdly, it should be mentioned that
the thyroid autoantibodies may be detected in healthy individuals [102]. Finally, the
discordance among available TgAbs assays should be considered [103].

Another hurdle in evaluating the coexistence of PTC with HT is the selection
bias inherent in data derived from surgical specimens wherein the prevalence of
PTC is a priori higher than that in fine needle aspiration biopsy (FNAB) studies.

Reference Results

Moonetal. [48] PTC coexistent with HT is negatively associated with ETE (OR: 0.74, 95% CI, 0.68-0.81),
LNM (OR: 0.82, 95% CI, 0.72-0.94), distant metastasis (OR: 0.49, 95% CI, 0.32-0.76), and
recurrence (RR: 0.50, 95% CI, 0.41-0.61)

Leeetal. [96] Frequency of HT in PTC: ~23%
2.8 times higher occurrence rate of HT in PTC than in benign thyroid diseases (p < 0.001)
2.4 times higher incidence of HT in PTC than in other TC (p < 0.001)
Significant association of PTC concurrent with HT with female sex (OR: 2.7; p < 0.001),
multifocality (OR: 1.5, p = 0.010), absence of ETE (OR:1.3, p = 0.002) and LNM (OR: 1.3,
p = 0.041), long recurrence-free survival (HR: 0.6, p = 0.001)

Lai etal. [97] Range of mean rate of PTC among patients with HT: 1.12-40.11%
Overall pooled OR of PTC risk for HT (HT versus non-HT): 2.12 (95% CI, 1.78-2.52)

Singh et al. [40] 2.77 times elevated rate of PTC in patients with HT compared with control population (OR:
2.77,95% CI, 1.24-6.21)
1.89 times higher rate of HT in patients with PTC compared with other TC types (OR: 1.89, 95%
CI, 1.02-3.50)
Increased PTC-free survival in patients with coexistent HT (r: 0.08, 95% CI, 0.05-0.12)
Increased overall survival in PTC patients with coexistent HT (r: 0.11; 95% CI, 0.07-0.14)

Abbreviations: CI, confidence interval; ETE, extrathyroidal extension; HR, hazard vatio; HT, Hashimoto’s thyroiditis,
LNM, lymph node metastasis; OR, odds ratio; PTC, papillary thyroid carcinoma, RR, risk ratio; TC, thyroid cancer.

Table 1.
Meta-analyses addressing the correlation of PTC with HT.
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Jankovic et al. showed that the average prevalence rate of PTC in HT patients
differed significantly between FNAB and thyroidectomy studies: 1.20 and 27.56%,
respectively. Likewise, the relative risk of PTC in HT patients extended from 0.39
to 1.00 in the FNAB studies, significantly lower than that observed in the thy-
roidectomy studies (1.15-4.16) [37]. In that respect, Castagna et al. demonstrated
absence of association of nodular HT with TC based on cytology. The same authors
observed a significantly higher prevalence of DTC in nodular HT compared to
nodular Graves’ disease, nodular goiter with either negative or positive thyroid
autoantibodies, according to surgical series. This result raised the possibility of
selection bias ascribed to the fact that 60.7% of patients with nodular HT under-
went surgery due to cytological data suspicious of thyroid malignancy [38]. The
FNAB data from 10,508 patients revealing no statistically significant relationship
between PTC and HT are consistent [104].

Nevertheless, the fear of the selection bias was abolished by the recent demon-
stration of a significant association of PTC with HT based on either pathological
examination of surgical specimens or FNAB studies [60].

7. Effect of HT on coexistent PTC: host protective or tumor protective?

Irrespectively of whether HT is etiologically linked to PTC or merely judged
“guilty by association,” the importance of this coexistence lies on its clinical
significance. Since a complex immune network has been considered a core compo-
nent of PTC microenvironment, it is rational to assume that HT—the epitome of
aberrant immune reaction—influences the progression of coexistent PTC [105].

In that respect, the positive association of a favorable outcome of coexistent PTC
with HT, tumor-associated macrophage infiltration, and CD8+ lymphocytes
highlights the antitumor potential of the immunological landscape intrinsic in HT
[106]. The recently reported negative correlation of RORyt—a nuclear transcrip-
tion protein of Th17—with lymph node metastases in PTC concurrent with HT is
consistent. In fact, RORyt is positively associated with the upregulation of caveolin
1, a tumor suppressor gene [107]. Another plausible mechanism underlying the
host-protective effect of HT coexistent with PTC could be the lower frequency

of BRAF V600E mutation—a genetic alteration associated with aggressive PTC
phenotype—in PTC concurrent with HT compared with PTC alone [41, 42].

A rich repertoire of features indicative of auspicious PTC prognosis are signifi-
cantly associated with coexistent HT, including increased relapse-free and overall
survival [39], increased survival rate [96, 108], decreased risk of recurrence [108],
lower rate [108] or absence of extrathyroidal extension [96], and lower rate [41] or
absence of lymph node metastases [96], observed in PTC coexistent with HT com-
pared with PTC alone. The results of a recent meta-analysis including 71 published
studies with 44,034 participants revealing that PTC coexistent with HT significantly
correlated with reduced incidence of extrathyroidal extension, lymph node, and
distant metastasis and increased recurrence-free survival duration compared with
PTC alone are seminal [47]. Noticeably, the coexistence of HT with PTC has been
proven an independent indicator of favorable prognosis of PTC [105], irrespectively
of the extent of lymph node dissection [46], though inconsistently [108]. On the
other hand, the reported absence of host-protective effect of HT on coexistent PTC
[42-45] hampers the endorsement of HT as a prognostic PTC biomarker.

In fact, the inflammatory cell infiltration of tumor microenvironment plays an
equivocal role, tumor-promoting versus antitumor, posing a “Dr. Jekyll or Mr. Hyde”
enigma [109]. Challenging is the illumination of the precise factors that define the
fate of cancer cells in the context of the interface of PTC with HT.
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8. Thyroid autoantibodies in the context of HT coexistent with PTC:
predictive and/or prognostic PTC biomarkers or not?

Whether HT constitutes the driving force for PTC or vice versa remains elusive;
nevertheless, the thyroid autoantibodies, the landmark of HT, and especially the
anti-thyroperoxidase autoantibodies (TPOAbs)—a more sensitive marker of HT
than the TgAbs—merit interrogation as potential hallmarks of the interrelationship
of PTC with HT.

A great body of evidence sustains that the positivity of thyroid autoantibodies
translates into predictive and prognostic knowledge. In particular, the positivity
of TPOADs [49, 52, 53], TgAbs [51, 53, 110], as well as TPOAbs coexistent with
TgAbs [52], has been shown to harbor a predictive value. Moreover, the positivity
of TPOADs [52, 57] and TgAbs [50-53, 110] has been designated as an independent
predictive factor for thyroid malignancy in nodular goiter. Interestingly, the coexis-
tence of TgAbs and TPOAbs is associated with a PTC risk greater than that con-
nected with isolated positivity of either TgAbs or TPOAbs [52]. A host-protective
role of TPOADbs in the context of coexistent PTC has been demonstrated [27, 54, 55],
rationalized by the speculation that the TPOAbs exert a cytotoxic effect [110].

However, skepticism imposes a multivariate analysis failing to consolidate the
host-protective effect of thyroid autoantibodies in the case of coexistent PTC [55].
Importantly, awareness raises the correlation of the positivity of thyroid autoanti-
bodies with features indicative of ominous PTC prognosis, such as advanced disease
stage [52]. As a potential link between positive thyroid autoantibodies and aggres-
sive phenotype of PTC could be suggested the excess iodine intake that unmasks a
cryptic epitope on Tg, triggering the development of TgAbs [33, 34], while exerting
stimulative effect on the genesis of BRAF V600E mutation as well [111]. However,
this hypothesis is debunked by the observation that the BRAF V600E mutation in
DTC is inversely correlated with coexistent HT [42]. In the light of the foregoing,
the designation of thyroid autoantibodies as predictive and/or prognostic biomark-
ers of PTC is not yet feasible.

9. Elevated T'SH levels in HT coexistent with PTC: the mediator of the
effect of HT on PTC?

Considering that TSH constitutes a growth factor for thyrocytes [58], rational
is the designation of increased, even within the normal range, serum TSH levels,
in the case of PTC concurrent with HT, as a predictor of PTC risk [49, 52, 58] and a
harbinger of aggressive tumor behavior [55, 59].

A strong argument in favor of the role of TSH in thyroid tumorigenesis is
the detection of activating mutations of TSH receptors (TSH-R) in DTC [112].
Moreover, the cross-talk between the TSH-R/protein kinase A (PKA) signaling
transduction and the well-recognized oncogenic pathways involving Wingless/int-1
(Wnt), PI3K, and MAPK has been implicated in initiation and progression of TC
[113]. However, many arguments against the pathogenetic role of TSH in TC have
been raised [114-117].

Nevertheless, the demonstration of HT as a risk factor for PTC in univariate
analysis while being a host-protective factor in multivariate analysis after control-
ling TSH levels should be mentioned [61]. Similarly, multivariate analysis showed
that increased TSH levels were an independent risk factor of malignancy in most
FNAB studies, albeit not consistently related to HT [60]. Consequently, the subclini-
cal or overt hypothyroidism due to autoimmune destruction of thyroid—and not HT
per se—could be the real culprit for the increased PTC risk in the context of HT.
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Experimental data derived from mouse models suggest the TSH-induced signal-
ing mediated via cyclic adenosine monophosphate (cAMP) as a prerequisite for the
BRAF V600E-stimulated PTC genesis, providing a plausible explanation for the
implication of elevated TSH levels in PTC [62]. Furthermore, a protein kinase C
(PKC)-mediated pathway has been demonstrated in vitro to transduce the TSH-
induced signaling, dictating the invasiveness and the growth of human follicular TC
cell lines [118].

However, the reported association of subclinical hypothyroidism with a less
aggressive PTC phenotype compared with euthyroidism cannot be ignored [119].
Consistent is the higher risk of DTC enclosed in HT requiring low levothyroxine
(LT4) replacement doses as compared with HT-induced hypothyroidism requiring
higher LT4 replacement doses [27]. A hypothesis mandating further exploration
is that the toxic effect of TSH mediated by H,O,—an element essential for thyroid
hormone synthesis being simultaneously a mitogenic and mutagenic factor—
concerns the residual functioning thyroid tissue, while sparing the completely
destructed thyroid [27].

Intriguingly, according to the European Prospective Investigation into Cancer
and Nutrition (EPIC) cohort, low TSH levels may induce DTC [63], likely form-
ing a less differentiated epithelium susceptible to malignant transformation [27].
Interestingly, two genetic variants predisposing to PTC located on 9q22.23 and
14q13.3 have been also associated with low TSH levels [120]. Consequently, the
perplexing role of TSH in PTC fuels a contention regarding the endorsement of
TSH levels as predictive and/or prognostic biomarker of PTC.

10. Conclusions

Despite the major strides toward the elucidation of the correlation of PTC with
HT, integrating coexistent HT per se, as well as thyroid autoantibodies and TSH
levels into PTC risk stratification systems, awaits further consolidation. Translating
the coexistence of PTC with HT into the therapeutic approach of PTC is currently
uncertain. A burning question is whether the broad clinical spectrum of HT, mir-
roring the wide array of HT histopathology, defines the trajectory of the coexistence
of PTC with HT. The designation of HT as a premalignant lesion or PTC as a pre-
cipitating factor for HT is thwarted by the blurred, till now, pathogenetic landscape.
Iluminating the temporal precedence, a parameter sine qua non for the embrace-
ment of a causal relationship between PTC and TC, is daunting. Nevertheless, har-
nessing the immunological link between PTC and HT should guide future efforts in
clinical research, aiming to widen the horizons of immunotherapy.

In the interim, active surveillance of HT cannot be undermined, since it yields a
tangible perspective of a prompt therapeutic intervention in the case of coexistent PTC.

Nonetheless, striking is, to date, the dearth of solid evidence to guide clini-
cal decision-making on surveillance of HT based on the presumptive correlation
thereof with PTC; in fact, a patient-oriented standard of care of HT should be
applauded. Although thyroid ultrasonography (US) is not required for diagnosing
and monitoring the majority of HT, an individualized approach should be endorsed
in clinical settings. Bearing in mind the negativity of TPOAbs and/or TgAbs in 10%
of HT patients [121] and approximately 20% of patients with subclinical hypothy-
roidism [122], identifying a hypoechoic or an inhomogeneous US thyroid pattern
will provide invaluable information as regards the diagnosis of HT. Even though
a thyroid/neck US is not routinely recommended unless a palpable thyroid lesion
is detected [7], averting underdiagnosis of a PTC smaller than 1 centimeter (cm)
in greatest dimension—the so-called papillary thyroid microcarcinoma—raises
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awareness. In that respect, US could unravel a nodular variant of HT that merits
further evaluation. The management of nodules in the context of HT is governed by
the rules applied for any thyroid nodule irrespectively of HT, based on US-guided
stratification of risk of malignancy [7]. FNAB is indicated in (i) nodules equal to

or larger than 1 cm in greatest dimension presenting sonographic features of high
or intermediate suspicion for PTC, (ii) nodules equal to or greater than 1.5 cm in
greatest dimension presenting sonographic features of low suspicion for PTC, and
(iii) nodules equal to or greater than 2 cm in greatest dimension presenting features
of very low suspicion for PTC. Lower size cutoffs are embraced in the presence of
clinical risk factors for PTC [7]. Pending the illumination of the clinical significance
of the correlation of PTC with HT, clinicians should rely on their discretion and
judgment, implementing the principle “primum non nocere”
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Acronyms and abbreviations

AKT protein kinase B

B7H1 B7 Homolog 1

cAMP cyclic adenosine monophosphate

CCL chemokine (C-C motif) ligand

CD cluster of differentiation

cm centimeter

COX-2 cyclooxygenase-2

CRI cancer-related inflammation

CXCL CXC chemokine ligand

CXCR4 CXC chemokine receptor 4

DCs dendritic cells

DN double negative

DPPIV dipeptidyl peptidase IV

DTC differentiated thyroid cancer

ERKs extracellular signal-regulated kinases

FasL Fasligand

FNAB fine needle aspiration biopsy

HIF-1 hypoxia-inducible factor-1

HLA human leukocyte antigen

HLA-G histocompatibility antigen, class 1, G, known also as human
leukocyte antigen G

HT Hashimoto’s thyroiditis

IL interleukin

iNOS inducible nitric oxide synthases

LT4 levothyroxine

M macrophages

MAPK mitogen-activated protein kinase

MCP-1 monocyte chemoattractant protein 1

MMPs matrix metalloproteinases

N neutrophils

NK natural killer

OPN osteopontin
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PD
PD-1
PD-L1
PI3K
PKA
PKC
PTC
PTEN
RET
RNS
ROS
TC
TgAbs
TGFb
Th
TLR
TNFa
TPOADbs
Treg
TSH
TSH-R
UPA
UPAR
US
VEGF
Wnt

programmed cell death

PD protein 1

programmed cell death ligand 1
phosphoinositide 3-kinase

protein kinase A

protein kinase C

papillary thyroid carcinoma
phosphatase and tensin homolog
rearranged during transfection
reactive nitrogen species

reactive oxygen species

thyroid cancer

anti-thyroglobulin autoantibodies
transforming growth factor b
T-helper

Toll-like receptors

tumor necrosis factor a
anti-thyroperoxidase autoantibodies
T regulatory cells
thyroid-stimulating hormone

TSH receptor

urokinase-type plasminogen activator
urokinase-type plasminogen activator receptor
ultrasonography

vascular endothelial growth factor
Wingless/int-1
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Abstract

Acromegaly results from oversecretion of growth hormone and subsequent
insulin growth factor-I. Some studies have described an association between
acromegaly and increased risk of some cancers, including thyroid cancer, the most
common endocrine malignancy. It is well known that follicular thyroid cells express
IGF-I receptor and that GH and IGF-I have both proliferative and anti-apoptotic
effects and their hypersecretion may theoretically induce tumor development
and stimulate its growth, despite the fact that research data is conflicting and
population-based data on thyroid cancer and acromegaly is rare. Some molecular
alterations, including point mutations in BRAF and RAS genes and RET/PTC gene
rearrangements, have been associated with oncogenesis of PTC. However, the
implications of these genetic markers in the development of PTC in patients with
acromegaly are not yet well known. In this chapter, we discuss epidemiology, patho-
genesis, molecular biology aspects, and how to screen and to manage acromegalic
patients with nodular thyroid disease and thyroid cancer.

Keywords: acromegaly and thyroid cancer, IGF-I and cancer, thyroid and
acromegaly, GH and cancer, molecular markers and thyroid cancer

1. Introduction

Acromegaly is a rare disease that results from the oversecretion of growth hor-
mone (GH) and subsequent insulin growth factor I (IGF-I) [1]. It is associated with
important complications that may reduce life expectancy of these patients [2, 3].

Most acromegalic patients die from cardiovascular, cerebrovascular, or respira-
tory diseases [3, 4]. Nevertheless, in the past two decades, some studies have also
described an association between acromegaly and an increased risk of some cancers
such as colorectal and thyroid cancer (TC), which is the most common endocrine
malignancy, among others [5].

Part of the difficulty in determining the true incidence of cancer in this popula-
tion is due to the relative rarity of acromegaly [6]. On the other hand, with improve-
ment in surgical and radiotherapeutic procedures as well as advances in medical
treatment, an increase of the survival rate of patients with acromegaly has been
shown. As a result, patients may have a longer exposure to high GH levels [7].

As the prevalence of thyroid cancer has been shown to increase among patients
with acromegaly, this should draw attention for clinicians to investigate thyroid
disease, particularly thyroid cancer.
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2. Epidemiology

The association between acromegaly and TC is supported by preclinical data
showing that GH-IGF system plays an important role in cancer development and
progression [6]. However, clinical studies that addressed the association between
acromegaly and cancer produced controversial results, partly due to the different
methodological approaches used (case-control and population-based designs) [8].

A comprehensive meta-analysis showed an increased risk of both nodular thy-
roid disease (NTD) (OR = 6.9, RR =2.1) and TC (OR = 7.5, RR = 7.2) in acromegaly.
It showed a prevalence slightly below 60% of NTD and of around 4% of TC [8].
Within this context, a consistent Brazilian multicentric study with 124 acromegalic
patients in a case-control design showed a higher prevalence of 7.2% for TC and
0.7% in the control group [9].

These findings may result from the fact of improving diagnostic and treatment
of acromegaly extending the life duration which increases the prevalence of both
benign and malignant neoplasms [3-11].

On the other hand, the co-occurrence of autoimmune thyroid diseases and acro-
megaly is not common. So far only a handful of cases of Graves-Basedow disease
in acromegalic patients have been reported, while Hashimoto’s disease occurs more
frequently (4.6%) [12, 13].

3. Molecular pathogenesis of TC in acromegalic patients
3.1 Molecular basis of acromegaly

The pituitary gland integrates hormonal signs that control several homeostatic
processes such as metabolism, growth, and reproduction. Cell clusters localized
in the anterior pituitary, somatotrophs, secrete GH responsible for cellular pro-
liferation through membrane-bound growth hormone receptor (GHR) present in
various organs and systems [14]. The interaction between GH and GHR results in
activation of intracellular protein Janus kinase 2 (JAK2). As shown in Figure 1, once
phosphorylated JAK2 activates the signal transducers and activators of transcrip-
tion (STAT) protein that is translocated to the nucleus and initiates transcription of
genes in response to GH [15], the STAT is able to bind to IGF-I promoter regulating
the transcription of this gene [16]. Thus, the presence of GH can induce the synthe-
sis of IGF-I that occurs mainly in the liver and is composed of 70 amino acids and
has mitotic and anti-apoptotic effects [1].

In the vast majority of cases, the excess of GH in acromegaly is originated from
proliferating somatotrophs (somatotropinoma). The pituitary adenomas are of
monoclonal origin, indicating that the tumor rises from a single cell that acquires
proliferative advantage [17]. The primary defect that leads to development of
somatotropinoma may result from genetic and epigenetic alterations inducing the
activation of oncogenes or inactivation of tumor suppressor genes [1]. Mutations in
the alpha subunit of transmembrane G protein is observed in 40% of GH-secreting
tumors [1]. This abnormality may cause constitutive activation of cyclin AMP
(cAMP) and consequent hypersecretion of GH. Loss of expression of proapop-
totic molecules such as GADD45y (growth arrest and DNA damage-inducible 45y
protein) and overexpression of oncoproteins, including PTTG (pituitary tumor-
transforming gene), are phenomena also observed in pituitary adenomas [17, 18].

Most cases of acromegaly occur sporadically; however, approximately 5% of
cases may be related to inherited diseases such as multiple endocrine neoplasia
type 1 (MEN1), Carney complex (CNC), and familial isolated pituitary adenoma
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Figure 1.
Activation of JAK/STAT pathway mediated by GH (growth hormone). (a) JAK/STAT pathway components
are inactive. (b) GH leads to dimerization of its receptor promoting phosphorylation of JAK and consequent
activation of STAT proteins. (c) Once activated, STAT forms dimers that ave translocated to the cell nucleus.
(d) The STAT dimers in the nucleus are capable of binding to IGF-I promoter, initiating the transcription of
this gene.

(FIPA) [17]. Germline mutations in aryl hydrocarbon receptor-interacting protein
(AIP) gene seem to be the most frequent genetic alteration detected in sporadic
and familial acromegaly patients [19]. The MEN1 and CNC are caused mainly by
defects in genes MENI (menin) and PRKARIA (regulatory subunit type 1 alpha),
respectively [17].

3.2 Cross talk between acromegaly and thyroid cancer

The serum GH excess may promote proliferation and suppress apoptosis in many
tissues [15]. Thus, it is suggested that acromegaly is responsible for the increased
risk for development of many malignancies. PTC is the most common thyroid can-
cer observed in acromegaly [7, 9]. This type of pituitary tumor can also be associated
with benign thyroid conditions such as diffuse and nodular goiters [9].

The mechanism of thyroid carcinogenesis in acromegaly is attributed to an auto-
crine/paracrine loop for GH/IGF-I in tumor tissue [8]. As the thyroid follicular cells
also produce IGF-I and express genes encoding IGF-IR, the long-term exposure of
thyrocyte to high GH/IGF-I levels may work synergically with this loop in promot-
ing goiter development and malignant transformation [20].

3.3 Molecular mechanisms and potential biomarkers of thyroid carcinogenesis
in acromegaly

As shown in Figure 2, the molecular oncogenesis of PTC is mainly related to
deregulation of mitogen-activated protein kinase (MAPK) signaling pathway
and involves point mutations in BRAF and RAS genes and RET/PTC gene rear-
rangements [21, 22]. Analysis of these molecular markers can have diagnostic and
prognostic implications in thyroid cancer.
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Figure 2.

MAPK and PI3K pathways. (a) Growth factors bind to receptor tyrosine kinase and trigger the activation of
(b) MAPK and/or (c) PIBK-AKT. (d) The signaling mediated to both pathways promotes the transcription of
gene associated to different cellular processes such as proliferation and survival.

3.3.1 BRAF mutation

BRAF (B-type RAF kinase) is a serine threonine kinase considered the most
potent MAPK activator. This protein regulates important cellular processes such as
proliferation, differentiation, and apoptosis [1].

In PTC, the main mechanism for activation of BRAF gene is a point mutation that
promotes a substitution of nucleotide thymine by adenine at position 1799. This single
nucleotide change promotes the replacement of valine by glutamate at protein residue
600 (V600E). The BRAF V600E mutation is the most frequent genetic abnormality
reported in thyroid carcinomas in the general population, particularly in PTC [21].

In acromegalic patients, the importance of BRAF V600E mutation on PTC
carcinogenesis is still not well defined. In an Italian cohort of acromegalic patients,
the BRAF V600E mutation was detected in 70% of cases with PTC, suggesting that
this mutation is the main genetic driver of neoplastic transformation of thyroid cells
in acromegaly [23]. On the other hand, other studies have demonstrated that the
BRAF V600E mutation is infrequent in patients PTC with and without acromegaly
[20, 24]. In these reports lower prevalence of this genetic alteration in acromegalic
patients with PTC than non-acromegalic cases with PTC was verified. These results
suggest that BRAF V60OE mutation may not be a main mechanism of malignant
transformation of thyroid cells in patients with acromegaly.

3.3.2 RAS mutations

The HRAS, KRAS, and NRAS are homologous gene members of the RAS
(retrovirus-associated DNA sequences) family. These genes encode GTP-binding
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proteins localized at the inner superficial of the cell membrane involved in signaling
MAPK and PI3K-AKT pathways [1]. Together, RAS mutations are the second most
frequent molecular alteration found in thyroid cancer, occurring in 10-20% of PTC
cases and 40-50% of follicular carcinomas [22].

Point mutations are commonly restricted at codon 61 of the HRAS and NRAS
genes and at codons 12 and 13 in the KRAS gene. RAS mutations in thyroid cancer
have been associated to favorable prognosis such as tumor encapsulation and
absence of metastases but also may represent a poor prognostic factor predisposing
to cellular dedifferentiation and anaplastic transformation [22]. NRAS codon 61
mutation has been referred as the most frequent genetic alteration in PTC patients
with acromegaly. Aydin et al. pointed out that patients with NRAS codon 61 muta-
tion have aggressive histologic features such as vascular and capsular invasion [24].
However, another study revealed no case in a cohort of acromegalic patients with
PTC-harbored RAS mutations [23]. These contradictory findings indicate that the
importance of RAS mutational status in thyroid oncogenesis in acromegaly remains
to be clarified.

3.3.3 RET/PTC rearrangements

The RET is a proto-oncogene that encodes a receptor-type tyrosine kinase with
three domains: extracellular, transmembrane, and intracellular tyrosine kinase.
The activation of this gene can contribute to the development of several neoplasms
[25]. Rearrangements of RET that originated from fusion with unrelated genes
(RET/PTC rearrangements) have been reported in thyroid follicular cells [26]. This
genomic alteration can produce a chimeric oncoprotein with inappropriate tyrosine
kinase activity able to continually stimulate the MAPK and PI3K-AKT pathways
[26]. Among the fusion variants of RET, the rearrangements RET/PTC1 and RET/
PTC3 are the most frequent in thyroid cancer. Whereas in RET/PTC1 the RET gene
is fused to CCDC6 (known as H4), in RET/PTC3 the rearrangement occurs with
NCOA4 (known as ELE1 or RFG) [25]. RET/PTC rearrangement appears to be an
important mechanism of thyroid carcinogenesis, but its frequency has oscillated in
different reports. This genetic abnormality was not detected in PTC patients with
acromegaly [24], although studies with this approach are rare in acromegaly.

3.3.4 Other molecular alterations

Besides the potential classic marker, other molecules have been evaluated in
relation to their implication on PTC development in acromegaly, among them are
IGF-I, IGF-IRB, AIP, AHR, and galectin-3 (Gal-3) [20, 23-24, 27].

The analysis of immunohistochemical staining for IGF-IRf revealed a high
expression of this receptor in PTC samples [20]. Although differences in IGF-IRp
tumoral staining between PTC patients with and without acromegaly have not been
observed, this marker had significantly less expression in adjacent normal tissue
of patients with acromegaly. These data suggest that high GH levels may trigger
autocrine and paracrine effects of IGF-I in thyroid follicular cells resulting in over-
expression of IGF-IRp in tumor tissue of acromegalic patients. In line with these
results, it was observed that PTC patients with acromegaly have higher expression
of IGF-I than PTC cases without acromegaly [27]. Additionally, an intense expres-
sion was verified of Gal-3 in PTC with acromegaly, speculating a possible influence
of this protein on thyroid carcinogenesis.

As previously mentioned, inactivation of AIP gene is frequently reported in
pituitary tumors. However, this genetic abnormality seems not to be determinant
to thyroid carcinogenesis in acromegalic patients [23]. Furthermore, there are no
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differences in AIP protein expression between PTC in patients with and without
acromegaly. Although immunohistochemical analysis for AIP receptor (AHR) has
shown strong staining of PTC samples carrying BRAF V600E compared with wild
type, differences were not found in AHR staining between PTC in acromegalic and
non-acromegalic patients [23]. Thus, molecular alterations in AIP and AHR cannot
be related to PTC carcinogenesis in acromegaly.

4. How to screen NTD in acromegalic patients

NTD seems to be significantly more frequent in patients with acromegaly. Even
palpable thyroid nodules occur significantly more often in these patients [9, 13].

Periodic thyroid ultrasound (US) and careful evaluation of detected lesions are
important parts in the follow-up of acromegalic patients. The sonographic charac-
teristics considered to be suspicious of TC, such as microcalcifications, irregular
margins (infiltrative and microlobulated), taller than wide shape, and rim calci-
fications with small extrusive soft tissue component (evidence of extrathyroidal
extension), are the same of the general population with NTD [5, 9].

Fine-needle aspiration (FNA) is the procedure of choice in the evaluation on
NTD, and it should be performed when clinically indicated according to nodule’s
size and US appearance. The FNA cytology result must be reported using the
Bethesda System for Reporting Thyroid Cytopathology [9, 28].

In summary, as the risk of malignancy in thyroid nodules in these patients is
about 8%, which is in the range considered for the general population, the manage-
ment of NTD should follow the current guidelines [9, 28].

5. How to treat TC in acromegalic patients

Although there is a risk of TC in acromegalic patients, its clinical behavior does
not seem to be different [5]. Therefore, acromegalic patients with TC may be treated
with total thyroidectomy or hemithyroidectomy according to its FNA result and size
and the presence of clinically apparent metastatic lymph nodes [28].

Before surgery, we suggest that all acromegalic patients should do a preopera-
tive voice assessment (preoperative laryngeal exam—laryngoscopy) because they
frequently have soft tissue thickening and edema of the tongue, pharynx, and upper
airways [3]. Also, they must have a careful evaluation of comorbidities as hyperten-
sion, diabetes mellitus, and cardiovascular disease [3].

After surgery, these patients may or may not receive radioiodine depending, if it
is a differentiated TC, on its risk of recurrence [28]. Studies about the relationship
between medullary thyroid cancer (MTC) and acromegaly are lacking.

The frequency of US and laboratory tests during TC follow-up should follow the
current guidelines.

6. Conclusion

NTC and TC are more frequent in acromegalic patients. On the other hand,
the studies about potential mechanisms involved in this association between
TC and acromegaly are still scarce, and besides they include small sample sizes.
Furthermore, in these few reports, there is no marker clearly implicated on
diagnosis or prognosis of PTC. Thus, further studies with this approach are
needed.
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We suggest that acromegalic patients should be routinely screened by thyroid
ultrasound and during their follow-up as necessary. Its management should follow
the current guidelines. This is very important because it may allow early diagnosis
and treatment of TC.
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Intraoperative Neuromonitoring
in Thyroid Surgery
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Abstract

Recurrent laryngeal nerve (RLN) injury is the most feared complication in
thyroid surgery, resulting in a worse patients’ quality of life, and is the most com-
mon cause of medical claim. Visualization of RLN before proceeding with dissec-
tion of the gland is considered the gold standard. In the last decade, intraoperative
neuromonitoring (IONM) of RLN has progressively gained acceptance; nowadays,
this method is widely spread, being routinely used in large workflow centers. IONM
is helpful in the identification of RLN and allows to asses nerve functionality during
and at the end of surgical procedure. In this chapter, IONM features, its advantages
and limits, and its usefulness will be discussed.

Keywords: thyroid surgery, thyroid carcinoma, intraoperative neuromonitoring,
recurrent laryngeal nerve, nerve injury

1. Introduction

Postoperative recurrent laryngeal nerve (RLN) injury is one of the most feared
complications during thyroid surgery. Even in experienced hands, transient RLN
palsy occurs in 0.4-12% of cases [1-3], while permanent palsy is reported in up to
5-6% [2, 4]; its frequency is lower (0.2-0.8%) in hospitals with a large workflow
[5]. RLN palsy can significantly deteriorate patients’ quality of life, causing hoarse-
ness of voice, dysphonia and dysphagia. Bilateral RLN palsy is an uncommon but
life-threatening complication, even if transient, since it is associated to airway
obstruction, which is potentially lethal for the patient. Intraoperative RLN injuries
are due to transection and traction of the nerve, electrical and thermal injuries,
suture entrapment and excessive skeletization. The risk of nerve palsy increases
during surgery for thyroid cancer, especially in case of large or locally advanced
tumors that can dislocate or infiltrate the nerve, during central compartment lymph
node dissection (CLND) or in case of revision surgery. Over the years, surgical
approach to RLN has consistently changed: the first approach, consisting in non-
visualization and avoidance of the nerve, has been replaced with routine identifica-
tion of RLN, which has been reported to be associated with a lower incidence of
RLN palsy [6-10].

Intraoperative neuromonitoring (IONM) of RNL during thyroid surgery has
widely spread during the last decade as an adjunct to the gold standard of direct
visualization of the nerve; nowadays, it has become standard practice in thyroid
surgery for many surgeons [11]. The most common method currently in use for
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RLN monitoring is an endotracheal tube containing electrodes embedded on it,
placed in close proximity to vocal cords, that register effects of stimulation of

RLN. IONM is able to detect anatomic variations of the nerve and to clarify the
mechanism and the site of the injury, and to predict vocal cord function after sur-
gery. During surgical procedure, repeated tissue stimulation is helpful to correctly
identify the nerve. Furthermore, IONM can detect non-function nerves that appear
anatomically intact.

2. Intraoperative neuromonitoring in thyroid surgery

Intraoperative neuromonitoring has been introduced in thyroid surgery as an
adjunct to standard visual identification of the recurrent laryngeal nerve (RLN) to
prevent nerve lesion. The use of IONM, besides helping to identify the RLN, gives
an objective evaluation of its function during the whole dissection [12-15]. IONM
was introduced about 50 years ago, and various neuromonitoring methods (glot-
tic pressure method, glottic monitoring method, insertion of needle electrodes in
vocal cords endoscopically or through cricothyroid membrane, laryngeal palpation
method, and monitoring via endotracheal tube with surface electrodes) have been
utilized [16]. For several reasons, such as simplicity, non-invasiveness, and safety,
IONM via endotracheal (ET) tube with surface electrodes has become the standard
method [12]. It consists in an electromyography (EMG) that evaluates the vocal
cord adductor function by using surface electrodes on the ET tube. NIM-Response
3.0 System (Medtronic Xomed, Jacksonville, Florida, USA) is the most widely used
device for RLN monitoring (Figure 1). It transforms laryngeal muscle activity into
audible and visual EMG signals whenever the RLN or vagus nerve is stimulated
intraoperatively. This system basically consists of the combination of two electrical
circuits: stimulation and recording sides. The stimulation side consists of a stimula-
tor probe (nerve stimulator probe, continuous vagus nerve stimulator probe),
which transmits electric current to the nerve, and a grounding electrode. The nerve
stimulation probe can be monopolar or bipolar, while the continuous monitor-
ing probes applied to the vagus nerve can be monopolar, bipolar, or tripolar. The

Figure 1.
NIM-Response 3.0 System (Medtronic Xomed, Jacksonville, Florida, USA) (Italian configuration). In thyroid
surgery, two channels for the right and left vocal cords are sufficient and 2 EMG screens appear on the monitor.
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Figure 2.
ET tube with surface electrodes and grounding electrodes (white: stimulation side, green: recording side).

Figure 3.
Stimulation and recording sides are combined on the interconnect box, through which they connect to the
monitor.

recording side, instead, consists of the ET tube with surface electrodes, which are

placed at the level of the vocal cord, and their ground electrode (Figure 2). These
two main systems combine on the interconnection box (Figure 3), through which
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they connect to the monitor. The monitoring systems can be with 2, 4, 8, or 16 chan-
nels. The number of channels indicates the number of nerves that can be monitored.
A separate EMG screen appears for each nerve on the monitor. In thyroid surgery,
two channels for the right and left vocal cords are sufficient and two EMG screens
appear on the monitor (Figure 1). In case of continuous vagus nerve stimulation,
instead, two EMG screens for intermittent monitoring appear on the left side of the
monitor, and another EMG screen for continuous vagus nerve stimulation appears
on the right side.

3. Standardization of intraoperative neuromonitoring

Adequate knowledge of the neuromonitoring system and standardization of the
procedure are required for proper use of IONM [12-17]. In this context, both sur-
geons and anaesthesiologists are involved. In order to reach an adequate experience,
it has been stated that the learning curve is approximately of 50-100 cases [18-20].

The anesthetist plays a key role in IONM procedure, particularly with regard to
the type of drugs used to induce anaesthesia and to the positioning of the ET tube.
After these steps, anesthesia can be obtained by inhaler or intravenous anesthetics:
these agents do not have significant effects on EMG signal, providing an adequate
depth of anesthesia. Differently, neuromuscular blocking agents (NMBAs) interfere
with monitoring, reducing EMG amplitude and the optimal laryngeal response,
thus making neuromonitoring less effective. For this reason, after induction, NMBA
should be avoided for the rest of the operation. Small doses of a non-depolarizing
muscle relaxant (usually rocuronium and atracurium) are used at intubation, as
these agents allow the restoration of basic physiological functions, such as spontane-
ous respiration and normal muscle twitch activity, within a few minutes.

Endotracheal tubes are available in sizes 6.0, 6.5, 7.0, 7.5, and 8.0. The larg-
est tube that can be passed between the patient’s vocal cords has to be used. The
ET tube is placed under direct laryngoscopy with the middle of the blue marked
region (the exposed electrodes) in contact with the true vocal cords. The tube has
to be placed in the right position to obtain adequate functioning of the system.
Endotracheal tube positioning errors include not only depth errors but also rota-
tional errors. The malposition of the ET can lead to misleading information and
is a potential cause of loss of signal during surgery. After the tube is inserted, the
patient is given the right operation position, with hyperextended neck, by apply-
ing a pillow under the shoulders. During positioning, the anesthetist must protect
the ET tube to keep its position unchanged. If the tube is fixed to the rim of the
patient’s mouth before the patient is correctly positioned, the position of the tube
in the airway can change. This can lead to a disruption of the relationship between
the surface electrodes of the ET tube and the vocal cords. Thus, the tube has to be
secured to the rim of the lip after the patient is correctly positioned.

Once the patient is positioned, the grounding electrode of the recording side
and the grounding electrode of the stimulation side are subdermally applied to
the presternal region or to the shoulder at the side of the monitor. The second one
should be placed 1-2 cm below the first one.

After all connections are made, the correct positioning of the ET tube must be
checked. This can be done from the monitor by verifying the impedance value of
the electrodes (Figure 4). For each electrode, it has to be less than 5 k€. Moreover,
the impedance difference between positive and negative electrodes of each channel
should be less than 1 kQ. Values above these thresholds indicate that the contact
between the patient’s vocal cords and the ET tube electrodes is not adequate. Other
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Figure 4.
Check of the impedance value of the electrodes from the monitor.

tests to verify the correct location of the ET tube include the evaluation of respira-
tory changes or a further laryngoscopy. About the first method, in the short-term
window period between the loss of the effect of short-acting NMBA and the
deepening of anesthesia following intubation, spontaneous respiratory movements
should result in waveforms with an amplitude of 30-70 pV on the monitor. These
respiratory changes should be detected for both vocal cords.

At this point, the monitor should be set as follows: a threshold value of 100 pV,
an excitation electrode stimulation level of 0.5-2 mA (mean: 1 mA), a stimulation
period of 100 ps, and a stimulation frequency of 4 stimuli per second.

At the beginning of the operation, the stimulator probe should be tested directly
on the infrahyoid or sternocleidomastoid muscle to confirm the presence of an
appropriate muscle twitching. This confirms that the nerve stimulation probe is
working properly and the absence of ongoing paralytic agent. Moreover, to con-
firm the overall system function, before the identification of RLN, an EMG signal
should initially be obtained from the vagus nerve. This step is crucial to assess that
IONM system is functioning correctly and that the normal pathway of RLN signal
is elicited. The vagus nerve can be directly stimulated after dissection of the carotid
sheath, or its stimulation can be performed simply by increasing the stimulation
level up to 2-3 mA with the probe on the carotid sheath without dissecting it. The
RLN is situated at the tracheoesophageal groove in proximity to the inferior thyroid
artery. It can be initially searched with a stimulation level of 2 mA and fully mapped
out; then, it can be isolated and visually confirmed. Once the nerve is visualized,
the stimulation level can be turned down to 1 mA. It is important to keep in mind
that RLN extralaryngeal branching can be found in about 30-40% of patients,
particularly at the level of Berry’s ligament. Thus, it is necessary to dissect the RLN
from the lower neck up to the nerve entrance into the larynx. In case of branched
RLN, each branch should be stimulated separately by using a stimulation current of
0.4-0.5 mA. EMG signal of these individual branches should be assessed to allow a
reliable evaluation of the distribution of the motor and sensory fibers. After remov-
ing the surgical specimen and ensuring a complete hemostasis, the final testing of
RLN and vagus nerve is performed.
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Figures.
RLN stimulation at the end of thyroid dissection and complete hemostasis (R2).

In 2011, the International Neural Monitoring Study Group (INMSG) defined the
standard stages of intraoperative neuromonitoring in thyroid surgery by adding pre-
operative and postoperative vocal cord examinations to the four-step method previ-
ously proposed by Chiang et al. [12, 21]. The six stages can be summarized as follows:

a. preoperative laryngoscopy (L1);
b. vagus nerve stimulation before thyroidectomy (V1);
c. RLN stimulation upon initial identification (R1);

d. RLN stimulation at the end of thyroid dissection and complete hemostasis (R2)
(Figure5);

e. vagus nerve stimulation after complete thyroidectomy and hemostasis (V2);
f. postoperative laryngoscopy (L2).

Aswell as being useful during traditional open thyroidectomy, IONM can be very
useful for RLN preservation also in case of endoscopic thyroid surgery [22, 23]. The
fundamental steps of IONM during video-assisted thyroidectomy (VAT) are the same
as those used during traditional thyroidectomy (L1, V1, R1, R2, V2, L2) [22]. IONM
has proven to be very helpful also in the case of other endoscopic techniques, such as
transaxillary or transoral thyroidectomy [23], even if a standardized technique is still
lacking with these approaches.

4. Types of intraoperative neuromonitoring (I-lIONM and C-IONM)

Currently, two types of IONM are available: the intermittent IONM (I-IONM)
and the continuous IONM (C-IONM). With I-IONM, the functional integrity of the
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RLN is limited to the site of direct nerve stimulation. For this reason, in proximal
lesions of the RLN, distal stimulation near the larynx may produce a false negative
IONM signal. Moreover, with this system, the RLN is at risk for damage during the
time gap between two nerve stimulations. Ultimately, I-IONM allows the evaluation
of the RLN only at the time of stimulation, and detects RLN lesion merely after it
occurs [24].

To overcome these limits, a C-IONM technology has been introduced [25-28].
C-IONM consists in a probe that is applied directly to the vagus nerve, allowing
the surgeon to constantly test the RLN function while dissecting the thyroid gland.
However, the intermittent method is not a separate process from the continuous
IONM technique. The intermittent IONM probe, in fact, is an integral and comple-
mentary part of the C-IONM [15]. The goal of continuous vagus nerve probing is to
inform the surgeon immediately of any critical insult of the RLN, like traction, thus
avoiding signal loss and vocal cord paralysis. A 50% decrease in amplitude and a 10%
increase in latency time have been defined as critical changes [25, 28]. The device
alarms when these thresholds are exceeded. According to recent observation, the
most common cause of RLN lesion is tractional trauma [25-29]; C-IONM has proved
to be useful in preventing traction injury by promptly detecting progressive decreases
in EMG amplitude combined with progressive increases in latency. The surgeon can
so avoid eventual RLN injury by changing his strategy. However, this system is not
effective in case of acute injury of the nerve (section or thermal injury) [25-28].

5. Loss of signal
5.1 Definition of loss of signal

Loss of signal (LOS) occurs when the original EMG signal obtained from the
vagus nerve and/or RLN nerve can no longer be elicited [12]. It is classified as true
positive if vocal cord palsy is confirmed on postoperative laryngoscopy and false
positive if no vocal cord palsy is present on postoperative laryngoscopy.

There are two types of LOS: the segmental type (Type 1) and the global type
(Type 2).

Type 1 LOS consists in the loss of signal at a certain point in the nerve; signal is
obtained distally to the point where the nerve is injured, but no signal is detected
proximally to this site.

In case of Type 2 LOS, instead, no specific damage point is recognizable, and no
signal is acquired stimulating the RLN all along its course or stimulating the vagus
nerve.

About this argument, it is important to introduce another concept: the intra-
operative signal recovery. Especially with the introduction of the C-IONM with
continuous vagus nerve stimulation, it has been noted that, in some patients with
signal loss, the signal can improve in the course of the operation.

5.2 Troubleshooting algorithm for loss of signal

When LOS occurs, a troubleshooting protocol should be followed to check the
IONM system for technical problems [13, 30, 31].

In this case, the first procedure to be performed is to palpate the larynx with a
finger behind the posterior plate of the cricoid to feel the posterior cricoarytenoid
muscle contraction in response to RLN stimulation.

If digital detection of the laryngeal twitch is present in response to nerve stimu-
lation, the stimulation side of the system is working properly, and a malfunction of
the recording side should be considered. The most frequent causes of malfunction
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of the recording side are ET tube malposition, displacement of grounding elec-
trodes, or malfunction of the ET tube electrodes.

In addition to laryngeal palpation, contralateral vagal assessment also represents
a useful option for troubleshooting. If contralateral vagus nerve stimulation does
not elicit an adequate EMG signal, a malfunction of the recording side should be
investigated as first option. Differently, if the contralateral vagus nerve is properly
functioning, a possible nerve lesion must be considered.

If laryngeal twitch is absent when the nerve is stimulated, a malfunction of the
stimulation side should be considered, thus the nerve stimulator probe and monitor
have to be checked. Nerve stimulator probe function should be checked by applying
its tip directly on a muscle to confirm a muscle twitching. Moreover, the whole sys-
tem, with special attention focused on the monitor screen, must be fully reviewed.
Again, with regard to stimulation side error, if C-IONM is used, LOS may be due to
a dislocation of the vagal nerve electrode.

Finally, in case of LOS, it is of fundamental importance to rule any administra-
tion of NMBA during the operation.

6. Advantages and limits of IONM
6.1 Advantages of IONM

Visualization of RLNs is considered the gold standard in thyroid surgery to
reduce the incidence of nerve palsy. Nevertheless, visualization of the nerve can
only suggest an anatomic integrity, which does not ensure functionality. In fact,
some studies have demonstrated that the most common mechanism of nerve
injury is traction [29, 32], resulting in a palsy with complete anatomic integrity.
Furthermore, direct visualization of the nerve can be difficult, especially in case
of revision neck surgery, because of the scar tissue [1, 32-34], in case of anatomic
variations of the nerve, during central compartment lymph node dissection, or
in course of surgery for advanced thyroid cancer. For these reasons, in the last
decades, the use of IONM has widely spread among endocrine surgeons, in order to
facilitate identification and dissection of the nerve and to evaluate its functionality,
predicting vocal cord function outcome.

However, to date, studies have failed to demonstrate a statistically significant
reduction of incidence of nerve injury using IONM [2, 3]; this lack of data may be
related to the very low rate of nerve palsy. It has been estimated that in prospective,
randomized trials, the calculated sample size needed to demonstrate that incidence
of palsy is lower with IONM use is about 9000 nerves at risk [1, 7]. Other authors
have reported that at least 39,000 nerves at risk per arm should be necessary to
achieve statistical power that could demonstrate a significant difference in RLN
palsy rate [3]. To date, only one randomized controlled trial [35] has demonstrated
a significant reduction of transient RLN palsy from 5 to 2.7% (p = 0.007).

Furthermore, it is important to underline that voice impairment isn’t always due
to RLN palsy; other causes can be vocal cord damage due to orotracheal intubation
and damage of the strap muscles. In these cases, the good surgical practice and the
integrity and functionality of the nerve are assessed by IONM, preserving from
medical claim.

Advantages of IONM of RLNs in thyroid surgery are:

* Early identification of RLN and aid in dissection: Stimulation of paratracheal

area allows to identify the course of the nerve before it is visualized; the identi-
fied area is then carefully dissected until the nerve is satisfactorily exposed.
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Once the nerve is identified, stimulation of the adjacent structures can help to
distinguish the nerve from other non-neural elements, like vessels. IONM is
also helpful in identifying neural branches and to clarify nerve course in case
of anatomic variants.

* Intraoperative diagnosis of RLN injury and postoperative prognosis: The most
common causes of RLN injuries are transection of the nerve, suture entrap-
ment, traction, compression, contusion, pressure, ischemia by excessive
skeletization, thermal trauma caused by dissection or hemostatic instruments
used too close to the nerve. In most of the cases of nerve injury, the nerve is
anatomically intact, thus visualization only is not predictive of a vocal cord
palsy; on the contrary, IONM allows to predict most of the nerve injuries,
improving the accuracy of prognostic evaluation of nerve functionality. Once
a loss of signal is detected, IONM allows to identify with high accuracy the
site of the lesion by stimulating the nerve all long its course and the vagus
nerve.

* Reduction of bilateral RLN palsy: Once RLN palsy has been diagnosed with
IONM on the first side of resection, the surgeon can decide to modify the
initially scheduled bilateral surgery and to perform a delayed completion
thyroidectomy (two-staged thyroidectomy), in order to avoid a bilateral RLN

palsy.

* Difficult cases: IONM has beneficial effects especially in difficult cases, like
reoperative surgery, locally advanced thyroid cancer and cervico-mediastinal
goiter, or in case of lymphadenectomy of central neck compartment, facilitat-
ing identification and dissection of the nerve.

* Improvement of radicality in total thyroidectomy: Most of RLN injuries are
produced during dissection of thyroid tissue from Berry ligament, within
the last 2 cm of the nerve. The two main reasons of lesion are a ramification
of RLN, which occurs usually less than 5 mm of its entry in larynx, or an
intracapsular course of RLN, which is reported in 15-38% of cases. Thus, in
the absence of IONM, surgeons often tend to leave a small amount of thyroid
tissue to avoid lesion of RLN in the last part of its course. On the contrary,
IONM allows to completely resect the thyroid gland, reducing the risk of
nerve palsy. Furthermore, hemostatic maneuvers can be safely conducted with
IONM, ensuring that surgical sutures do not exert a traction on the nerve and
that cauterization is far enough from the nerve.

6.2 Limits of IONM

The first evidence is that, despite IONM usage, RLN injury still remains one of
the most common complications in thyroid surgery. Multiple studies have failed to
demonstrate a reduction of incidence of RLN injury when IONM is used in thyroid
surgery; as already discussed, this may be due to the very low incidence of RLN
palsy. Surgeon should be conscious that IONM does not prevent at all RLN injury. In
fact, stimulation of the nerve can assure integrity of the nerve only after dissection,
while nerve palsy can be identified only after the injury has been produced. Thus,
IONM should be considered an adjunct, but direct visualization of the nerve and
careful dissection of the tissues are needed.

Although the specificity of IONM in detecting nerve injury is very high
(94-99%), a small number of patients will have a vocal cord dysfunction despite
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regular neuromonitoring signal (false-negative IONM). By the other side, a loss

of signal (LOS) at the end of procedure is predictive of a postoperative vocal cord
paralysis, but positive predictive value ranges widely from 33 to 90%.; this is prob-
ably related to the poor uniformity in application of IONM across different centers.
It has been reported that preoperative and postoperative laryngoscopy is performed
routinely only in 15% of centers who use IONM [36], and that vagal stimulation is
not routinely performed in most of the centers [37]. Furthermore, usage of IONM
needs a learning curve, a precise knowledge of the components and of the issues
that may occur: insufficient experience in managing IONM may result in mislead-
ing information that can increase the risk of RLN injury.

The most frequent causes of false negative results are malposition of endo-
tracheal tube, technical problems related to stimulation or registration devices,
neuromuscular blocking due to anaesthetic drugs; another cause of false positive
result is thought to be transient neuropraxia with rapid recovery before end of
surgery.

Thus, low positive predictive value is the main limit of IONM. A low positive
predictive value means that, in the worst-case scenario, two out of three patients
with LOS will not suffer any alteration of vocal cord motility after surgery.

In this regard, a standardization of IONM methods and reporting has been
undertaken to provide uniformity and to minimize variations in application of
IONM. As already discussed, standardization of IONM should include pre- and
postoperative laryngoscopy, stimulation of vagus nerve before dissection and
at the end of surgery, and stimulation of RLN when identified and at the end of
lobectomy.

7. Two-staged thyroidectomy

Routine use of IONM in thyroid surgery has led to two-stage operations to
prevent bilateral RLN palsy. This approach is defined as removal of the thyroid
gland in two different procedures: in the first one, surgery is limited to the main
lobe, while the remnant gland is excised in a second intervention. In fact, in case
of LOS after excision of the first lobe, the surgeon can evaluate the opportunity
to delay removal of the second lobe. Thus, a LOS during first lobectomy should
induce to consider timing for contralateral lobectomy. This decision should take
into account several elements, including especially thyroid pathology. Over
the years, oncologic radicality in case of two-staged thyroidectomy has been a
matter of debate; in this regard, we should consider that differentiated thyroid
tumors have a good prognosis even in case of local or distant metastases, and
that radioablative therapy with iodine-131 can be delayed safely. Thus two-
staged thyroidectomy seems to be adequate also in case of thyroid carcinoma
[38]; in this case, the endocrinologist can prescribe a TSH-suppressive therapy
to reduce the risk of tumor progression of eventually unresected foci of tumor.
Alternatively, a near-total lobectomy could be performed on the second side to
preserve contralateral RLN. In this scenario, it is necessary to underline once
again the importance of a correct standardization of IONM to reduce false posi-
tive results; that may lead to an unnecessary two-staged thyroidectomy. In case
of thyroid cancer, thyroidectomy should always begin from tumoral side, or, in
case of bilateral carcinoma, from the side where the nodule has more aggressive
features. In case of two-staged thyroidectomy, contralateral lobectomy should
be carefully planned after recovery of vocal cord motility, typically 6-8 weeks
after surgery, or, in case of permanent palsy, after demonstration of enough
respiratory space.
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8. Conclusions

IONM is a valuable instrument in thyroid surgery. A correct standardization
of the method is necessary to reduce the number of false positive results. In case of
loss of signal, two-staged thyroidectomy can be safely performed even in case of
malignancy.
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Abstract

Thyroid cancers are malignant tumors in the thyroid gland. DNA polymor-
phisms are playing a decisive role in unscrambling the genomic basis of tumor
formation and development in cancer. Thyroid cancer is influenced in a polygenic
and low-penetrance manner by RET gene polymorphisms and this part of the world
(North India) has not recorded any study regarding RET alterations in this very
cancer. We assessed RET G691S (rs1799939), L769L (rs1800861) and S904S
(rs1800863) polymorphisms by restriction fragment length polymorphism (RFLP)
in order to explain their potential role in the diagnosis and prognosis of Papillary
thyroid cancer (PTC) and follicular thyroid cancer (FTC). In RET G691S polymor-
phism, the total dissemination of variant alleles (GA + AA) was 62.9% in cases as
related to 44.5% in controls (P < 0.05). RET L769L variant alleles (TG + GG) was
70% in cases versus 88% in controls (P < 0.05). In RET S904S, occurrence of
variant alleles (CG + GG) was 56% in cases versus 44% in controls (P < 0.05).
G691S and L769L polymorphism advocate a “Dominant mode of inheritance”. The
S904S polymorphism approves an “Additive mode of inheritance”. In conclusion,
there was an over-representation of RET G691S/S904S polymorphisms and under-
representation of L769L polymorphism in PTC and FTC patients. Additionally, our
data suggest that some haplotypes (AT G, G T G and A T C) of RET may act as low
penetrance alleles for predisposition of thyroid cancer.

Keywords: thyroid cancer, rearranged during transfection, RET, polymorphism,
papillary thyroid cancer, follicular thyroid cancer
1. Introduction

Cancer is a large group of diseases that vary in their age of onset, rate of growth,
state of cellular differentiation, diagnostic detectability, invasiveness, metastatic

potential, response to treatment, and prognosis. However, cancer may be a rela-
tively small number of diseases caused by similar molecular defects in cell function
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resulting from common types of alterations to a cell’s genes as per molecular and cell
biological point of view. Ultimately, abnormal gene expression causes cancer which
may occur due to mutation, translocation, amplification, deletion, loss of heterozy-
gosity, etc. Cell replication and cell death in a tumor cell population gets imbalanced
leading to an expansion of tumor tissue [1, 2].

The most common malignancy of the endocrine system is Thyroid cancer. 2% of
all diagnosed cancer cases and majority of endocrine cancer related deaths each year
are due to this cancer type [3-5].

The rearranged during transfection (RET) proto-oncogene expressed in cells of
neural crest origin and encodes a membrane tyrosine-kinase receptor [6]. However,
thyroid follicular cells may also express the RET tyrosine kinase domain [7].
Somatic RET translocations were found in some sporadic and radiation-induced
PTCs. Papillary thyroid cancer contains RET/PTC chromosomal rearrangement [8].
In this gene rearrangement, a portion of the RET gene is fused to one of several
genes. RET/PTC1 and RET/PTC3 are the most common rearrangement types in
which RET is fused to CCDC6 (also known as H4) or NCOA4 (also known as ELE1
or RFG) respectively [9, 10]. RET tyrosine kinase domain gets constitutively acti-
vated due to RET rearrangement that can lead to PTC [11, 12]. 10-20% of sporadic
PTC’s contain RET/PTC rearrangements. Patients with the history of radiation
exposure (50-80%), PTC’s from children and young adults (40-70%) have higher
frequency of RET/PTC rearrangements [13, 14].

Genetic basis of tumor formation and cancer progression is being unraveled by
DNA polymorphisms. The human genome as a whole (in which over 3.1 million
sequence variations have been mapped), represent 25-35% of the total estimated
SNPs [15]. Predisposition to several human cancers is due to polymorphisms.
Apart from RET rearrangements, the coding sequence of RET display polymor-
phisms in exon 2 (G135A, A45A), in exon 7 (G1296A, A432A), in exon 11
(G2071A, G691S), in exon 13 (T2307G, L769L), in exon 14 (C2508T, S836S), and
in exon 15 (C2712G, S904S) [16, 17]. Etiology of sporadic Hirschsprung disease
(HSCR) and MTC has been associated with RET polymorphisms [18-20]. Silent
RET polymorphisms; A45A in exon 2 and L769L in exon 13 may represent
low-penetrance risk in PTC [20]. Risk of differentiated thyroid cancer with
reference to RET Polymorphic Haplotypes was also reported by some studies [21].
The mechanisms by which the silent polymorphisms may act in the development
of cancer include transcript stability, RNA splicing, and DNA protein binding
and protein folding.

The valley of Kashmir is one of the divisions of Jammu and Kashmir State,
situated in the Himalayas. Kashmir, regarded worldwide as paradise on earth, with
over 07 million populations is heavily burdened with different organ cancers. In
Kashmir valley where incidences of almost all types of organ cancers have shown a
drastic increase in last couple of decades particularly GIT and lung cancers, the
thyroid cancer figures no less in this deadly race. Thyroid cancer is the 8th most
common cancer and 7th most common cancer among women in Kashmir valley.
The frequency of thyroid cancer has increased from 2.3% in 1995 to 5.4% in 2010 in
Kashmir valley [22]. Also, owing to the fact that there is no data on genetic alter-
ations in thyroid cancer available in our population and given the backdrop of a
significant presence of thyroid cancer patients, it is the first initiative to study the
gene alterations in Thyroid cancer patients of Kashmir Valley. In view of these
observations this study was designed to address the disease pathology associated
with the thyroid cancer through the Polymorphic analysis of RET gene SNPs—
G691S (G2071A), L769L (T2307G) and S904S (C2712G) in order to observe pattern
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of association of various SNPs G691S (G2071A), L769L (T2307G) and S904S
(C2712G) of RET gene in thyroid cancer.

2. DNA polymorphisms in thyroid cancer

The ability to visualize sequence differences directly in DNA is one of the most
important tools underlying the revolution in medical genetics. Polymorphisms are
these differences in DNA sequences when studied in the context of a population
which may be present in exons (coding regions) or introns (noncoding) regions of
genes. Family studies have been undergone by studying the genes of medical
importance through visualizing thousands of DNA polymorphisms.

Characteristically, polymorphisms denote sequence variations which confer no
deleterious effects and are present in the general population. However, as molecular
epidemiological studies were performed and the human genome project was
deciphered it became vibrant that some “polymorphisms” were not entirely harm-
less. Genes for many disorders with a clear pattern of Mendelian inheritance were
located and identified by this technique, such as, muscular dystrophies, cystic
fibrosis and neurodegenerative disorders and This technique also assists in finding
genes that predispose people to diseases in which inheritance patterns are complex,
such as diabetes, atherosclerosis, and hypertension. These polymorphisms are cru-
cial in the identification of genes important for susceptibility to common cancers,
such as colon cancer, as well as susceptibility to less common childhood tumors,
such as retinoblastoma and Wilms’ tumor [23]. Over 3.1 million sequence variations
have been mapped in the human genome in which, 25-35% of the total estimated
SNPs are present [15, 24]. Individual susceptibility is likely due to genetic factors
modulating the environmental risk otherwise differentiated thyroid cancer is
described by a strong hereditability, hence, the identification of genetic variations is
important for understanding the possible mechanisms tangled in thyroid carcino-
genesis. In thyroid cancer many single nucleotide polymorphisms have been
reported in different genes and functional analysis of many single nucleotide poly-
morphisms have been carried out. It has been reported that these DNA polymor-
phisms in various genes predispose a person to higher risk of thyroid cancer and
also has a marked effect on various clinicopathological characteristics of thyroid
cancer patients [23].

3. Structure and biology of RET receptor

Located on chromosome 10q11.2 near the centromere, the RET gene includes
21 exons. RET (rearranged during transfection) was first identified by Takahashi
et al. in 1985 as a proto-oncogene that can undergo activation by cytogenic
rearrangement [25]. RET gene was cloned by the same investigators 3 years later
[26]. This gene encodes the RET receptor, a plasma membrane-bound tyrosine
kinase enzyme. RET gene is expressed by neuroendocrine and neural cells, includ-
ing parasympathetic, sympathetic and colonic ganglia, cells of the urogenital tract,
thyroid C cells, adrenal medullary cells and parathyroid cells derived from branchial
arches [27, 28]. The RET protein contains two intracellular tyrosine kinase domains,
a transmembrane domain, an extracellular region (four cadherin-like repeats, a
calcium binding site, and a cysteine-rich domain) and N terminal signal peptide.
The cysteine-rich extracellular domain is central for receptor dimerization,

85



Knowledges on Thyroid Cancer

whereas, the extracellular cadherin-like domains are key for cell-cell signaling. The
RET C-terminal tail shows three splicing variants producing three protein isoforms
with 9 (RET9; short isoform), 43 (RET43; middle isoform), or 51 (RET51; long

RET
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Figure 1.

The RET protein, its functional domains, ligands and co-receptors. Left, functional domains of the three RET
isoforms. Right, canonical (unbroken lines) and noncanonical (broken lines) intevactions of the RET ligands
GDNEF, neurturin (NRTN), persephin (PSPN) and artemin (ARTN) with their GFRa co-receptors. Lipid
rafts are depicted as a purple box in the plasma membrane.
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Figure 2.

Germline missense mutations in RET associated with MEN2 and Hirschsprung disease (HSCR). Shown are the
structure of the RET mRNA and protein. The codons mutated, the associated clinical entities, and the location of
these mutations in relation to the exons and structural domains are indicated.
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isoform) distinct amino acids at their C termini [29, 30] (Figure 1). Four ligands for
the RET receptor have been recognized so far [31, 32]. These ligands are persephin,
artemin, neurturin and the glial cell line-derived neurotrophic factor (GDNF) [33, 34].
Figure 2 summarizes various RET mutations along with disease phenotype.

4. Polymorphisms and haplotypes in RET

RET polymorphisms are might be associated with an increased relative risk for
the development of disorders derived from neural crest cells and are believed to be
genetic modifiers. High penetrant germline RET mutations have a key role in
disease development. Various disease phenotypes have relatively strong association
with RET polymorphisms. The most common RET polymorphisms; the
nonsynonymous variant in exon 11 (G691S; G2071A) and the synonymous variants
in exon 13 (L767L; T2307G), in exon 14 (S836S; C2508T) and in exon 15 (S904S;
C2712G), are being denoted as disease modifiers due to their presence in patients
with sporadic MTC and DTC [35-37]. Disease-associated germline mutations might
interact with these polymorphisms or other genetic variants, tempering the age of
onset or disease phenotype. Polymorphisms could bestow a much higher attribut-
able risk on the general population as compared with rare mutations in high-
penetrance RET gene. G691S and S904S polymorphisms of RET have a transformer
effect on the age of onset of MEN2A [38]. Sporadic MTC has been associated with
several RET polymorphisms [39]. A low-penetrance RET haplotype comprising the
wild-type allele at IVS1-126 and IVS1-1463 and a 16-basepair intron-1 deletion of
these SNPs is strongly associated with and over represented in sporadic pheochro-
mocytoma [40]. Hirschsprung disease has disease associated polymorphisms linked to
it [41, 42]. Two closely located SNPs, rs2435357 and rs2506004, in intron 1 has been
observed by two groups as disease-causing candidates on the basis of comparative
genomics, functional assays and association studies [43, 44]. G691S and S904S
linkage have been proposed previously [45]. G691S/S904S cosegregated together as
haplotype (P < 0.001) in one of the studies, proposing that these polymorphisms
are in linkage disequilibrium with each other [46].

5. RET polymorphisms and haplotypes in differentiated thyroid cancers

Follicular and parafollicular-type C cells were shown to have some inter-
connections. The MTC cells provide the microenvironment that has the capacity
to stimulate the proliferation of follicular cells, resulting in hyperplastic and
adenomatous follicles which could ultimately acquire a fully developed neoplastic
phenotype. Some patients with Hashimoto thyroiditis had C-cell hyperplasia
[47, 48]. RET receptor has been shown to express in thyroid follicular component,
which may be activated in the existence of precise ligands in the thyroid
microenvironment.

Presence of RET ligands in this microenvironment is highly reasonable because
C cells express the RET receptor. Follicular cell derived thyroid cancers contain RET
mRNA which may be activated in the presence of specific ligands [7]. So the role of
RET gene polymorphism in differentiated thyroid cancers came into existence.
Some variants within RET could represent low penetrant alleles for the PTC
phenotype. A study revealed the toughest association of A45A (G135A) and L769L
(T2307G) with PTC [20]. Borrego et al. described the seven most frequent haplo-
types in cases and controls and some of which differed in their distribution [19].
The G G C C haplotype is over-represented in both populations of sporadic PTC.
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G allele of exon 2 and the G allele of exon 13 are included in the G G C C haplotype.
A432A and S836S polymorphisms had strongest association with DTC as per the
study conducted by Lesueur et al. Yet, the scale of the detected effect between DTC
and RET SNPs was modest [20].

The mechanism by which these silent polymorphisms act and develop RET
related diseases is still a question of debate. First, stability of protein synthesis could
be disturbed by such genetic sequence variations through influence on RNA splic-
ing, hence, a new cryptic splice acceptor, donor, or enhancer site could be formed
which could result in a receptor that did not bind ligand well or in a truncated
protein [49]. RET A45A polymorphism may result in alternative splicing and pro-
duce a mRNA isoforms as per Borrego et al. [49]. They further hypothesized that
decreased protein expression on the cell surface could be due to these RNA
isoforms, erroneous ligand binding, microRNA binding, change of structure/copies
and mRNA stability synthesis of incomplete proteins and also the change in the
structure of proteins caused by slowing down of translation [50, 51]. However,
homozygosity confers the phenotypically evident changes [49]. Second, other
nearby mutations could be influenced by these silent polymorphisms. Third, the
polymorphism may incline to decreased expression of the variant allele, thus lead-
ing to low level functional haplo insufficiency. Fourth, these polymorphisms may lie
in linkage disequilibrium with other sequences that may directly confer low level
predisposition to or protection against disease. Fifth, slightly decreased efficiency of
RET translation may be due to preferential usage of tRNA molecules. The variant(s)
is less favored and the wild type would be the favored sequence. Sixth, RET gene
will be susceptible to damage by environmental insults such as radiation by these
silent polymorphisms [21]. Finally, mRNA conservation in the case of presence of
various polymorphic variants in the RET gene based on bioinformatics methods is
the answer. Codon usage bias refers to differences among organisms in the fre-
quency of occurrence of synonymous codons in mRNA. Faster translation rates and
higher accuracy is achieved by optimal codons. If the translation rate changes
before the process of beta sheet formation is finished, newly synthesized sequence
influences the structure earlier (or later) than usual and may have an effect on the
folding of the protein as the folding of the beta sheet occurs slower than the alpha
helix formation [52]. Translation or protein folding disorders because of ribosome
stalling (pause) may occur if the mutation is a change from optimal to less frequent
codon. S904S SNP gives rise to less frequent codons, so ribosome stalling can
happen. In the case of SNP L679L where the codon with higher codon usage
appears, the sheet may not finish creating the structure when the helix appears [53].
As a consequence, kinase activity and/or specificity get changed. These postulated
mechanisms are not mutually exclusive [54]. The mutant Y791F reduces the energy
of the wild type by 7% and L769L (T > G) variant the by 17%, concluding that the
L769L polymorphism reduces the MFE of small RET mRNA [45, 55]. Because of its
cosegregation of S904S with G691S, the results obtained could be interpreted as a
founder effect without influence as genetic modifier [38].

The G691S SNP occurs close to the residue Y687 in the cytoplasmic tail of the
RET amidst transmembrane region. Two scenarios are possible to explain the G691S
polymorphism exerting an effect in PTC without activation by RET rearrangement.
Firstly, although RET expressed in the parafollicular C-cells and hence might influ-
ence the microenvironment of the follicular cells [56]. Alternatively, the two amino
acids, glycine in the wild-type RET protein and serine in the polymorphic RET
variant, confer different electrochemical and conformational structures to the RET
protein, and accordingly effect the subcellular localization, folding, processing or
function of the protein [7, 57, 58]. So lot of changes in RET proto-oncogene at
mRNA level or at protein level can be conferred by single nucleotide
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polymorphisms that deregulates the MAP kinase or Akt pathway, hence
predisposing a person to thyroid cancer [18, 45].

6. Patients and controls

Blood samples of 140 cases were collected from thyroid cancer patients attend-
ing Department of Nuclear Medicine, at Sher-I-Kashmir Institute of Medical Sci-
ences (SKIMS), besides blood samples were obtained from 180 healthy controls
from the Out Patients Departments of SKIMS. The cases and controls gave written
pre-informed consent. Questionnaire was used to record demographic and clinico-
pathological characteristics of each patient. This study was approved by the Ethical
committee of the SKIMS.

0.5 ml of peripheral blood was obtained from each subject in EDTA containing
vials (200 pl of 0.5 M, pH = 8.0) and stored at —20°C till use.

7. Genotyping by restriction fragment length polymorphism
(PCR-RFLP)

Salting out method was used for the extraction of DNA from blood samples.
Automated DNA sequencing of the RAS genes revealed one frequent SNP at codon
27 (T81C SNP) of HRAS. This SNP along with three other SNPs mentioned above
were conducted in our study by PCR-RFLP which is the simple, cheap and common
genotyping method.

Restriction enzymes (REs) are called molecular scissors. They recognize and cut
specific sequences. The restriction endonuclease type II for SNP detection is selected,
such that it recognizes and cleaves one of the polymorphic bases. Upon incubation at
optimum temperature and for optimum time with a buffer, the enzyme restricts the
DNA, at a specific site. Electrophoresis of the digested products yields fragments of
sizes based on the cleavage pattern. If both the alleles harbor the base recognized by
the enzyme, fragments of sizes accounting cumulative to the undigested product are
obtained (homozygous for that base). If one of the allele harbors a different base,
then the single allele is cleaved resulting usually in 3 fragments—the original
undigested product, and two digested fragments of sizes cumulatively accounting to
the original PCR product (heterozygous). If more than one restriction site is present
within the allele, more than two fragments are made from the same allele and the
number of fragments depends on number of restriction sites present within the allele.
Absence of the base recognized by the enzyme does not result in digestion thereby
retaining the original PCR product (Homozygous).

Oligonucleotide Primers and the corresponding Restriction enzymes for codon
691, codon 769, codon 904 of RET SNPs along with Annealing temperatures are
elucidated Table 1. The PCR products were then checked on 2% agarose gel as
described earlier.

7.1 Restriction digestion procedure

10 pl of the PCR products were subjected to restriction digestion by Banl, Taq],
and Rsal for codons 691,769 and 904 of RET SNPs respectively. The reaction
conditions were set up according to the supplier of restriction enzymes (Table 2).
For RET codon 691 the homozygous wild type (GG) has one BanlI site and is
branded by 267 and 187 bp fragments while the (AA) homozygote (variant) offered
a single fragment of 454 bp and heterozygous form (G/A) showed 454, 267 and
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Amplicon Primer sequence Ar Product RE  DP’ (bp)
(°C)  (bp)

HRAS

Codon 27 F 5'-CAGGAGACCCTGTAGGAGGA-3 60 186 Dralll 128 and 58

(T81C) R 5-GGCACCTGGACGGCGGCGCTAG-3

RET

Codon 691 F-5CAGAGCATACGCAGCCTGTAC-3 60 454 Banl 267 and 187

(G2071A) R-5-GCCTCGTCTGCCCAGCGTTG-3

Codon 769 F-5-CCTGTCCACTGATCCCAAAG-3 64 460 Taql 190 and 270

(T2307G) R-5-CACTCAGCCCGTGGACTC-3

Codon 904 F-5-GGTCTCACCAGGCCGCTAC-3 62 332 Rsal 224 and 108

(C2712G) R-5-TCGGTATCTTTCCTAGGCTTC-3

*RE, restriction enzyme.
DP, digestion product.

Table 1.
Conditions and consumables used for screening RET SNPs.

Reagents Volume Incubation
(nD)
Water 18
10x buffer R 2
Incubation temperature and time for Banl, Tagl and Rsal was 37°C for
PCR product 10 1-16 h
Restriction 1
enzyme
Table 2.

Composition of RD mixture for codons 691, 769 and 904 of RET.

187 bp. For RET codon 769 the homozygous wild type (TT) has one Tagql site and is
branded by 270 and 190 bp fragments while the (GG) homozygote (variant)
offered a single fragment of 460 bp and heterozygous form (T/G) showed 460, 270
and 190 bp. In case of RET codon 904 the homozygous wild type (CC) offered a
single fragment of 332 bp and the (GG) homozygote (variant) has one Rsal site and
is branded by 224 and 108 bp fragments while as heterozygous form (C/G) showed
332, 224 and 108 bp fragments.

The PCR products were visualized on a 3% agarose gel containing 0.5 pg/ml
ethidium bromide and photographed.

8. Statistical analysis

Statistical analysis was performed by using SPSS software (V.16.0). Statistical
significance was considered when P < 0.05 [59].

9. Polymorphic analysis of codon G691S, L769L and S904S of RET gene

A total of 140 cases (thyroid cancer patients) and 180 normal healthy controls
were studied for polymorphic analysis of codon G691S, L769L and S904S of RET
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gene. Table 3 shows the risk and demographic factors of study group. Mean age and
smoking was not having significant differences among cases and controls. The mean
age of the controls and patients were 38 & 14.6 years and 35 & 13.4 years respec-
tively. Almost 71% (100 of 140) were <45 years of age and 29% (40 of 140)

were >45 years of age. Only 19% (26 of 140) of the cases were females and 81% (114
of 140) were males. There was a difference between cases and controls with respect
to their gender. Only 11% (16 of 140) of thyroid cancer patients were smokers and
89% (124 of 140) were non-smokers with no significant difference between the
groups (P > 0.05). Based on the histology 84% (118 of 140) of the included cases
were papillary thyroid cancers and 16% (22 of 140) were follicular type.

9.1 Analysis of RET codon G691S, L769L and S904S polymorphism

Table 4 represents the genotype distributions of RET codon L691S, L769L and
$904S polymorphisms in the cases and controls. There was a significant difference
in the genotype distributions between cases and controls in all the three polymor-
phisms (P < 0.05) (Table 4).

In RET G691S (rs1799939), the overall dissemination of variant alleles
(GA + AA) in cases was 62.9% as compared to 44.5% in controls (P < 0.05;

OR = 2.1). Table 5 shows the Link between RET G691S phenotypes and clinico-
pathological characteristics. For further classification, our study found higher dis-
tribution of variant alleles (GA + AA) in female cases as equated to healthy
controls (63.2 vs. 47%; P < 0.05). Higher frequency of variant genotype was found
in cases with no smoking status as compare to non-smoker controls (71.4 vs. 42.9%;
P < 0.05). No significance was found between G691S polymorphism and any other
clinicopathological characteristics (Table 5).

In RET L769L (rs1800861), the overall dissemination of variant alleles
(TG + GG) in controls 88% as against 70% in cases (P < 0.05; OR = 0.3). Table 6
represents the connection between RET L769L phenotypes and clinicopathological
characteristics of patients. For further organization, our study found lower distri-
bution of variant alleles (TG + GG) in <45 years old patients as compared to healthy
controls (68 vs. 88%; P < 0.05). A significant difference was found between variant
alleles (TG + GG) of cases (males—61.5%, females—71.9%) and controls (males—
89.5%, females—87%) (P < 0.05). Non-smoker controls had higher frequency of
variant allele as compared to cases with no smoking status (87 vs. 67.7%; P < 0.05).
A higher frequency of variant alleles (82.1%) (62%) was found in thyroid cancer
patients having no history of benign thyroid disease as compared to patients with
history of benign thyroid disease (62%; P < 0.05). RET gene L769L polymorphism
was not found to be associated with any other clinicopathological characteristics
(Table 6).

In RET S904S (rs1800863), the overall dissemination of variant alleles
(CG + GG) in controls was 44% as against 56% in cases (P < 0.05; OR = 1.6).
Table 7 lists the connection between RET S904S phenotypes and clinicopathologi-
cal characteristics of study cases and controls. For further arrangement, our study
found lower distribution of variant alleles (CG + GG) in controls of >45 years of age
as compared to matched thyroid cancer cases (28 vs. 45%; P < 0.05). We found a
higher distribution of variant alleles (CG + GG) in male thyroid cancer patients as
compared to healthy controls (69 vs. 57%; P < 0.05). A lower frequency of variant
alleles was found in thyroid cancer patients having no history of benign thyroid
disease when compared to patients having benign thyroid disease (43 vs. 63%;

P < 0.05). No association was found between any other clinicopathological
characteristic and RET gene L769L polymorphism (Table 7).
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Characteristics Cases Controls ¥*-value P value
n =140 (%) n =180 (%)

Age group

<45 100 (71) 130 (72) 0.025 >0.05

>45 40 (29) 50 (28)

Sex

Female 114 (81) 104 (58) 20.2 <0.05

Male 26 (19) 76 (42)

Duwelling

Rural 112 (80) 98 (54.4) 2.8 <0.05

Urban 28 (20) 82 (45.6)

Smoking

Never 124 (89) 140 (77.8) 6.3 <0.05

Ever 16 (11) 40 (22.2)

Benign thyroid disease

Yes 84 (60)

No 56 (40)

TSH levels

Elevated 100 (71)

Normal 40 (29)

Histological types

Papillary 118 (84)

Follicular 22 (16)

Tumor grade

WD 134 (96)

PD 06 (04)

Stage, <45 years

Stage I 94(67)

Stage 1T 06 (4.3)

Stage, 45 years

Stage I and II 36 (25.7)

Stage III and above 04 (03)

Vascular/capsular invasion

Yes 68 (48.5)

No 72 (51.5)

Lymph node metastasis

Yes 52 (37)

No 88 (63)

TSH, thyroid stimulating hormone; WD, well differentiated thyroid cancer; PD, poorly differentiated thyroid cancer.

Table 3.
Details of thyroid cancer cases and controls for the study.
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SNP Cases Controls OR (95% CI) P-value
n =140 (%) n =180 (%)

G691S (G2071A)

Genotype

GG 52 (37.1) 100 (55.5) 1.0 (ref.)

GA 64 (45.7) 64 (35.5) 1.9 (1.1-3.2) <0.05

AA 24 (17.2) 16 (09) 2.9 (1.2-6.6)

Allele type

G 168(60) 264 (73.3) 1.0 (ref.)

A 112(40) 96 (26.7) 1.8 (1.2-2.5) <0.05

L769L (T2307G)

Genotype

T 42 (30) 22 (12) 1.0 (ref.)

TG 70 (50) 110 (61) 0.32 (0.17-0.57) <0.05

GG 28 (20) 48 (27) 0.30 (0.15-0.6)

Allele type

T 154(55) 154 (42) 1.0 (ref.)

G 126(45) 206 (58) 0.61 (0.44-0.82) <0.05

$904S (C2712G)

Genotype

cc 62 (44) 102 (56) 1.0 (ref.)

CcG 64 (46) 70(40) 1.5(0.93-2.4) <0.05
GG 14 (10) 08 (04) 2.8 (1.1-7.0)

Allele type

C 188(67) 274 (76) 1.0 (ref.)

G 92(33) 86 (24) 1.5 (1.0-2.1) <0.05

TSH, thyroid stimulating hormone; WD, well differentiated thyroid cancer; PD, poorly differentiated thyroid cancer;
BTD, benign thyroid disease.

Table 4.
Genotype frequencies of cases and controls in RET polymorphisms.

9.2 Mode of inheritance in genetic association studies of RET polymorphisms

The risk of thyroid cancer with respect to gender and smoking status with RET
G691S (G2071A), L769L (T2307G) and S904S (C2712G) polymorphisms. Recessive,
dominant, co-dominant and additive inheritance models were used to assess
Adjusted ORs. The inheritance model matching individual SNP data shall have
lowest P-value. For RET G691S and L769L polymorphism dominant inheritance
model is appropriate while as additive inheritance model is appropriate for RET
§904S polymorphism. The results are presented in Tables 8-10.

9.3 Association between RET haplotypes and thyroid cancer risk
In order to evaluate the combined effect of the three polymorphisms on thyroid

cancer risk Haplotype analyses were conducted. Among both cases and controls all
haplotypes have frequencies >5%. G2071/2307G/ C2712 (GGC) was the most
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Cases GG GA + AA Controls GG GA + AA OR (95% CI) P value

n (%) n (%) n (%) n (%) n (%) n (%)
Overall n=140 52(371) 88(629) =n=180 100 (55.5) 80 (44.5) 2.1 (1.3-3.2) <0.05
genotype
Age group
<45 100 (71) 30 (30) 70 (70) 130 (72) 62 (48) 68 (52) 2.1(1.2-3.6) <0.05
>45 40 (29) 22 (55) 18 (45) 50 (28) 38 (76) 12 (24) 2.6 (3.6-6.2) <0.05
Sex
Female 114 (81) 42(36.8) 72(63.2) 104 (58) 60 (58) 44 (42) 2.3 (1.3-3.9) <0.05
Male 26(19) 10 (38.5) 16 (615) 76 (42) 40 (53) 36 (47) 1.8 (0.72-4.4) >0.05
Duwelling
Rural 112 (80) 44 (39.3) 68(60.7) 98 (54.4) 56 (57.1) 42 (42.9) 2.0 (1.2-3.4) <0.05
Urban 28 (20)  08(28.5) 20 (715) 82(45.6) 44 (53.6) 38 (46.4) 29 (1.1-7.2) <0.05
Smoking
Never 124 (89) 42 (28.6) 82 (71.4) 140 80 (57.1) 60 (42.9) 2.6 (1.5-4.5) <0.05

(77.8)

Ever 16 (11) 10 (62.5) 06(37.5) 40 (22.2) 20 (50) 20 (50) 0.6 (0.1-2.8) >0.05
BTD
Yes 84 (60) 30 (35.7) 54 (64.2)
No 56 (40) 22(39.2) 34 (60.8) 1.2 (0.8-1.9) >0.05
TSH levels
Elevated 100 (71) 40 (40) 60 (60)
Normal 40 (29) 12 (30) 28 (70) 0.6 (0.2-1.5) >0.05
Histological
types
Papillary 118(84) 44(37.2) 74(62.8)
Follicular 22(16) 08(36.3)  14(63.7) 1.0 (0.3-3.2) >0.05
Tumor
grade
WD 134 (96) 50 (37.3) 84 (62.7)
PD 06 (04) 02 (33.3) 04 (66.7) 0.8 (0.06-9.7) >0.05
Stage, <45
years
Stage I 94 (67)  28(29.7) 66 (70.3)
Stage II 06 (4.3) 02 (33.3) 04 (66.7) 1.2 (0.1-15.3) >0.05
Stage, 45
years
Stageland 36 (25.7) 20 (55.5) 16 (44.5)
1I
Stage IIT 04 (03) 02 (50) 02 (50) 0.8 (0.09-6.3) >0.05
and above
Vascular/
capsular
invasion
Yes 68 (48.5) 22(32.3) 46 (67.7)
No 72 (51.5) 30 (41.6) 42 (58.4) 1.5(0.75-3) >0.05
Lymph node

metastasis
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Cases GG GA + AA Controls GG GA + AA OR (95% CI) P value
n (%) n (%) n (%) n (%) n (%) n (%)

Yes 52 (37) 18 (34.6) 34 (65.4)

No 88 (63) 34(38.6) 54(614) 1.2 (0.5-2.7) >0.05

TSH, thyroid stimulating hormone; WD, well differentiated thyroid cancer; PD, poorly differentiated thyroid cancer; BTD, benign
thyroid disease.

Table 5.
Clinicopathological chavacteristics vs. RET G691S (G2071A) genotypes.

Cases TT TG + GG Controls TT TG +GG OR (95% CI) P value
n (%) n (%) n (%) n(%) n(%) n (%)
Overall n =140 42 (30) 98 (70) n =180 22 158 (88) 0.3 (0.17-0.6) <0.05
genotype (12)
Age group
<45 100 (71) 32 (32) 68(68)  130(72) 16  114(88)  0.3(0.14-0.5)  <0.05
(12)
>45 40 (29) 10 (25) 30 (75) 50 (28) 06 44 (88) 0.4 (0.13-1.2) >0.05
(12)
Sex
Female 114 (81)  32(28.0) 82(71.9) 104 (58) 14 90 (87) 0.4 (0.18-0.85)  <0.05
(13)
Male 26 (19) 10 (38.4) 16 (61.5) 76 (42) 08 68 (89.5)  0.2(0.07-0.6)  <0.05
(10.5)
Duwelling
Rural 112 (80) 36 (32.1) 76 (67.8) 98 (54) 10 88 (90) 0.23 (0.1-0.5) <0.05
(10)
Urban 28 (20) 06 (21.4)  22(78.5)  82(46) 12 70(85) 0.6 (0.2-1.8)  >0.05
(15)
Smoking
Never 124 (89) 40 (32.2) 84 (67.7) 140 (78) 18 122 (87)  0.3(0.16-0.55)  <0.05
(13)
Ever 16 (11) 02 (12.5) 14 (87.5) 40 (22) 04 36 (90) 1.1 (0.16-6.2) >0.05
(10)
BTD
Yes 84 (60) 32 (38) 52 (62) 0.35(0.15-0.78)  <0.05
No 56 (40) 10 (17.8) 46 (82.1)
TSH levels
Elevated 100 (71) 30 (30) 70 (70) 0.25(0.1-0.62)  >0.05
Normal 40 (29) 12 (30) 28 (70)
Histological
types
Papillary 118 (84) 36 (30.5) 82 (69.4) 0.85(0.3-2.2) >0.05
Follicular 22 (16) 06 (27.2) 16 (72.7)
Tumor grade
WD 134 (96) 40 (29.8) 94 (70.14) 117 (0.19-6.5)  >0.05
PD 06 (04) 02 (33.3) 04 (66.6)
Stage, <45 years
Stage [ 94 (67) 28 (29.8) 66 (70.2) 4.7 (0.8-26.8) >0.05
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Cases TT TG + GG Controls TT TG +GG OR (95% CI) P value
n (%) n (%) n (%) n(%) n(%) n(%)
Stage IT 06 (4.3) 04 (66.6) 02 (33.3)
Stage, 45 years
Stage I and II 36 (257) 08(22.2) 28 (77.8) 3.5(0.42-28.7)  >0.05
Stage IIT and 04 (03) 02 (50) 02 (50)
above
Vascular/
capsular
invasion
Yes 68 (48.5) 22 (32.3) 46 (67.7) 0.8 (0.4-1.6) >0.05
No 72 (51.5) 20 (27.8) 52 (72.2)
Lymph node
metastasis
Yes 52 (37) 18 (34.6) 34 (65.4) 0.7 (0.32-1.4) >0.05
No 88 (63) 24 (27.2) 64 (72.8)

TSH, thyroid stimulating hormone; WD, well differentiated thyroid cancer; PD, poorly differentiated thyroid cancer; BTD, benign
thyroid disease.

Table 6.
Clinicopathological characteristics vs. RET L769L (T2307G) genotypes.

Cases cC CG + GG Controls CcC CG +GG OR (95%CI) P-value

n (%) n (%) n (%) n (%) n (%) n (%)
Overall n =140 62 (44) 78 (56) n=180 102 (56) 78 (44) 1.6 (1.0-2.4) <0.05
genotype
Age group
<45 100 (71) 40 (64.5) 60 (35.5) 130 (72) 66 (51) 64 (49) 1.5 (0.9-2.9) >0.05
>45 40 (29) 22 (55) 18 (45) 50 (28) 36 (72) 14 (28)  21(0.84-5.0) <0.05
Sex
Female 114 (81) 54 (47) 60 (53) 104 (58) 58 (56) 46 (44) 1.4 (0.8-2.4) >0.05
Male 26 (19) 08 (31) 18 (69) 76 (42) 44 (43) 32 (57) 3.1 (1.2-8.0) <0.05
Duwelling
Rural 112 (80) 46 (41) 66(59) 98 (54) 54 (55) 44 (45) 1.7 (0.96-2.9) >0.05
Urban 28 (20) 16 (57) 12(43) 82 (46)  48(58.5) 34 (415) 1.05(0.4-2.4) >0.05
Smoking
Never 124 (89) 56 (45) 68 (55) 140 (78) 78 (56) 62 (44) 1.5(0.9-2.4) >0.05
Ever 16 (11) 06 (37.5) 10 (62.5) 40 (22) 24 (60) 16 (40)  2.5(0.75-82)  >0.05
BTD
Yes 84 (60) 30 (36) 54 (64)
No 56 (40) 32 (57) 24 (43) 2.4 (1.2-4.8) <0.05
TSH levels
Elevated 100 (71) 40 (40) 60 (60)
Normal 40 (29) 22 (55) 18 (45) 1.8 (0.7-3.7) >0.05
Histological
types
Papillary 118 (84) 56 (47) 62 (53)
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Cases CC CG + GG Controls CC CG+GG OR(95% CI) P-value
n (%) n (%) n (%) n (%) n (%) n (%)
Follicular 22 (16) 06 (27) 16 (73) 0.4 (0.15- >0.05
1.08)

Tumor grade

WD 134 (96) 60 (45) 74 (55)

PD 06 (04) 02 (33) 04 (67) 0.6 (0.10-3.4)  >0.05

Stage, <

45 years

Stage I 94 (67) 40 (42.5) 54 (57.5)

Stage IT 06 (4.3) 02 (33) 04 (67) 0.7 (0.12-4.0) >0.05

Stage, 45 years

Stage I 'and II 36 (25.7) 18 (50) 18 (50)

Stage IIT and 04 (03) 02 (50) 02 (50) 1.0 (0.12-7.9)  >0.05

above

Vascular/

capsular

invasion

Yes 68 (48.5) 32 (47) 36 (53)

No 72 (51.5) 30 (41.7) 42 (58.3) 0.8 (0.4-1.56) >0.05

Lymph node

metastasis

Yes 52 (37) 28 (54) 24 (46)

No 88 (63) 34 (39) 54 (61) 0.5(0.25-1.0)  >0.05
TSH, thyroid stimulating hormone; WD, well differentiated thyroid cancer; PD, poorly differentiated thyroid cancer; BTD, benign
thyroid disease.

Table 7.

Clinicopathological characteristics vs. RET S904S (C2712G) genotypes.

Genotypes and alleles (patients vs. Cases Controls OR (95% CI) P value

controls) (n =140) (n =180)

Recessive model (AA vs. GA + GG)

GA + GG 116 164 1.0 (ref.)

AA 24 16 2.12 (1.0-4.7) 0.027

Dominant model (AA+ GA vs. GG)

GG 52 100 1.0 (ref.)

AA + GA 88 80 2.11(1.3-3.3) 0.001

Co-dominant model (GA vs. AA + GG)

AA + GG 76 116 1.0 (ref.)

GA 64 64 1.5 (1.0-2.3) 0.066

Additive model (AA vs. GG)

GG 52 100 1.0 (ref.)

AA 24 16 2.8 (1.4-5.7) 0.003
Table 8.

G691S (G2071A) polymorphism association with thyroid cancer.
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Genotypes and alleles (patients vs. Cases Controls OR (95% CI) P value
controls) (n =140) (n =180)

Recessive model (GG vs. TG + TT)

TG+ TT 112 132 1.0 (ref.)

GG 28 48 0.7 (0.4-1.2) 0.17

Dominant model (GG + TG vs. TT)

TT 42 22 1.0 (ref.)

GG + TG 98 158 0.32 (0.2-0.6)  0.000

Co-dominant model (TG vs. GG + TT)

GG + TT 70 70 1.0 (ref.)

TG 70 110 0.63 (0.4-1.0)  0.047

Additive model (GG vs. TT)

TT 42 22 1.0 (ref.)
GG 28 48 0.3 (0.15-0.6)  0.001
Table 9.

Genetic model for L769L (T2307G) polymorphism.

common haplotype, with frequencies of 24% in cases and 33% in controls. The
complete dissemination of various haplotypes between cases and controls presented
a clear difference (P < 0.0001). Haplotype pattern for the three SNPs is shown in
Table 11. Haplotypes with frequency <1% was omitted from the study. After
stratified by gender, age and smoking status the haplotype frequencies were esti-
mated from the genotyping data. In our study, the most common haplotype is taken

Genotypes and alleles (patients vs. Cases Controls OR (95% CI) P-value
controls) (n =140) (n =180)

Recessive model (GG vs. CG + CC)

CG+CC 126 172 1.0 (ref.)

GG 14 08 2.4 (0.97-5.8) 0.051

Dominant model (GG + CG vs. CC)

CC 62 102 1.0 (ref.)

GG + CG 78 78 1.64 (1.0-2.6)  0.028

Co-dominant model (CG vs. GG + CC)

GG + CC 76 110 1.0 (ref.)

CG 64 70 1.3 (0.8-2.0) 0.22

Additive model (GG vs. CC)

CC 62 102 1.0 (ref.)
GG 14 08 2.8 (1.1-72)  0.021
Table 10.

Genetic model for S904S (C2712G) polymorphism.
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G2071A T2307G C2712G Total Cases Controls Cumulative OR (95% CI) P value
frequency frequency

G G C 0.3061 0.2498  0.3337 0.3061 1.00 (ref) -

G T C 0.2122 0.2004  0.2321 0.5183 0.94 (0.48-1.84) 0.86
A G C 0.1224 0.1084  0.1503 0.6407 1.26 (0.55-2.87) 0.59
A T G 0.0999 0.1442  0.0657 0.7406 0.24 (0.10-0.57)  0.0012
A T C 0.0843 0.1129  0.0506 0.8249 0.38 (0.17-0.83)  0.016
G T G 0.0817 0.0925  0.0738 0.9066 0.23 (0.08-0.64) 0.0051
G G G 0.075 0.0573  0.0938 0.9816 1.59 (0.59-4.31) 0.36
A G G 0.0184 0.0345 0 1 0.05(0.00-1.37)  0.076

The OR (95% CI) of thyroid cancer associated with each haplotype was estimated by comparison with the common reference haplotype.

ref: reference.

Table 11.
Haplotype frequencies and its association with thyroid cancer.

as the reference group and haplotype-specific ORs are estimated by the haplotype-
based logistic regression method [60]. The frequencies for the estimated 3-marker
haplotypes among patients and controls are shown in Table 11.

10. Conclusion

Thyroid tumors signify a proper model for the study of epithelial neoplastic
transformation. At the genomic level, thyroid cancers gather a number of changes
and it has been projected that genomic instability has a vital role in the development
of thyroid neoplasms [61].

With erudite genetic tools producing a treasure of information, we have added
improved vision into the mechanisms driving thyroid tumor development. Recog-
nition of these features is crucial to the management of patients with TC. New
therapeutics is being designed based on our improved understanding of this disease
course.

In Kashmiri population we studied genetic alterations of RET genes in thyroid
cancer patients. Following are the major findings of our study;

e In RET G691S (rs1799939), the total distribution of variant alleles (CA + AA) in
controls was 44.5% as against 62.9% in controls which revealed a 2-fold higher
risk of variant allele (TC + CC) in cases against the controls (P < 0.05).

e In RET L769L (rs1800861), the total distribution of variant alleles (TG + GG)
in controls was 88% as against 70% in cases (P < 0.05; OR = 0.3).

e In RET S904S (rs1800863), the total distribution of variant alleles (CG + GG)
in controls was 44% as against 56% in cases (P < 0.05; OR = 1.6).

* We found higher distribution of variant alleles (CG + GG) in TC cases of
>45 years of age and male gender (45 and 69%) as compared to matched
healthy controls (28 and 57%) (P < 0.05). Association was also observed with
BTD (P < 0.05).

* RET G691S and L769L polymorphisms follow “Dominant inheritance model”
while as “Additive inheritance model” is appropriate for analysis of RET S904S
polymorphism.
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* In RET codon G691S, L769L and S904S polymorphism the most over-
represented haplotype is A T G followed by G T G and A T C depending upon
their Akaike information criteria (P-value).

In conclusion, our study shows that among different polymorphisms
predisposing to thyroid tumors, RET gene polymorphism is among the prominent
ones. Our results support the earlier reports of the G691S/S904S polymorphism in
RET gene as a marked predisposing factor for the risk of developing thyroid tumors
in our population with G691S variant showing an increased risk for the non-
smokers but this needs to be authenticated in a large sample study in the future to
determine the course of thyroid cancer. Further we conclude L769L polymorphism
to be protective in our series of thyroid cancer patients. Apart from it our data
suggest that some specific haplotypes (AT G, GT G, and A T C) of RET are over-
represented and may act as low penetrance alleles in the predisposition to
thyroid cancer.
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