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Abbreviations

TOETVA- transoral endoscopic thyroidectomy vestibular approach
ABBA- axillary bilateral breast apprach

BABA- bilateral axillary breast approach

ATA- American Thyroid Association

ETE - extrathyroidal extension

FNAB- fine needle aspiration biopsy
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MEN- multiple endocrine neoplasia
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SPECT- single photon emission computer tomography
TSH- thyroid stimulating hormone
rhTSH-recombinant human thyroid stimulating hormone ( Thyrogene)
PD-L1- programmed death-ligand1

NSCLC- non-small cell lung cancer

HNSCC- head and neck sqamous cell carcinoma

FDA- Food and Drug Administation



1. Introduction

In thyroid surgery, achieving a cosmetically pleasing scar has become a crucial
aspect, as neck scars are usually noticeable. To improve patient satisfaction, smaller
incisions are now being utilized. Over recent decades, new endoscopic techniques have
been introduced using breast or axillary approaches, although the cosmetic outcome
remains unsatisfactory.

In recent years, progress has been made with the development of the transoral
endoscopic thyroidectomy vestibular approach (TOETVA). This approach is
appropriate for patients with small thyroid carcinomas without extrathyroidal extension,
benign nodules up to 4-5 cm, as well as for parathyroid adenomas and follicular lesions
(Anuwong et al., 2016). However, metastatic thyroid diseases and large substernal
goiters should still be treated with conventional open surgery.

Darker skin types are more prone to issues like keloids or other scarring issues.
The renowned surgeon, Kocher, was the first to opt for horizontal scars instead of
vertical ones to improve their cosmetic appearance (Wilhelm T et al., 2012, O’Connell
DA et al.,, 2008). For young women from Far-Eastern countries, neck scars are
synonymous with death and can negatively impact their lives, further intensified by
keloids and other scarring (Choi Y et al., 2014).

This problematic scarring led surgeons to devise a new technique without scars.
While there were several attempts to remove the thyroid from the axillary or areolar
region, these methods took longer and still resulted in scar formation (Christakis et al.,
2014).

The optimal solution thus far is TOETVA, which leaves no visible scarring on
the skin. However, this novel procedure is only suitable for small thyroid cancers

without extrathyroidal extension (Anuwong et al., 2018).

Differentiated thyroid carcinoma, specifically papillary, accounts for

approximately 90% of new cases of thyroid cancer in iodine-sufficient regions globally.



This is the most prevalent thyroid malignancy, but it also has a generally favorable
prognosis, with over

90% survival rates after 10 years of treatment (Kitahara et al., 2022).

Total thyroidectomy is commonly accepted as the preferred procedure for all metastatic
thyroid carcinomas.

Papillary thyroid carcinoma, constituting 75% of all thyroid malignancies and
over 90% of differentiated thyroid cancers, is the most frequently-occurring type of
thyroid cancer. Despite the tumor’s slow growth and positive prognosis, managing
locoregional recurrence remains a significant challenge. Consequently, lymph node
surgery emerges as a crucial consideration in treating papillary thyroid carcinoma
(Miccioli et al., 2017).

Clinically noticeable lymph node metastasis is found in approximately 15% to
30% of patients. Reports show that unnoticed metastasis can go up to 90%. Half of the
clinically node-negative patients might develop lymph node metastasis. Furthermore,
lymph node metastasis occurs in 15% to 50% of patients suffering from papillary
thyroid microcarcinoma, a condition wherein a papillary thyroid carcinoma is 10mm or
less in diameter (Kitahara et al., 2022).

Follicular thyroid cancer, constituting 10-15% of all thyroid cancers, is the
second most common type. Also known as follicular carcinoma, it is recognized as a
“well-differentiated” thyroid cancer, similar to papillary thyroid cancer. However, it
typically exhibits a greater degree of aggression, it occurs predominantly in a slightly
older demographic, and it is less frequently seen in children. Unlike papillary thyroid
cancer, follicular thyroid cancer rarely arises post-radiation exposure.

The fatality rate tied to follicular thyroid cancer often depends on the extent of
vascular invasion, a characteristic trait of this type of cancer. This trait leads to distant
metastasis, which is more common than in papillary thyroid cancer (Grebe et al., 1995).
Even when the cancer remains small within the thyroid, there’s potential for distant
spread, affecting the lungs, bones, brain, liver, bladder, and skin. Unlike papillary
cancer, instances of lymph node involvement are far less common in follicular thyroid
cancer, estimated at only 8—10%.

Hiirthle cell thyroid cancer is a rare and aggressive form of the disease, varying

greatly in its ease of cure(Chen et al., 1996). Medullary thyroid cancer, frequently



sporadic in nature, also occurs as part of an inherited disease known as multiple
endocrine neoplasia (MEN) in about 25% of cases.

Unlike more common types of thyroid cancers such as papillary and follicular,
medullary thyroid cancer originates from the thyroid’s
parafollicular C cells. With medullary cancer, the standard treatment is a thyroidectomy.
compared to papillary cancer, it also necessitates prophylactic central neck dissection
due to significantly elevated calcitonin and CEA levels (Pelizzo et al., 2023). Despite
the crucial impact of surgery in medullary thyroid cancer treatment, a positive FNAB
identifying tumor foci is insufficient for diagnosis on its own-- elevated levels of
calcitonin and CEA are also required.

Metastatic DTC cases should be treated in centers where all personnel and
instrumental conditions are optimal. In cases of DTC with extrathyroidal extension,
male gender, and older age are predisposing factors contributing to disease recurrence in
the presence of nodal metastases. However, studies have shown that lymph node
metastases decrease survival rates, with this effect being more pronounced among
elderly patients.

Lymph node metastases are predominantly found in the central neck, with the
gland’s lymphatic drainage followed by venous drainage (Mao et al., 2020). The
anticipated lymphatic drainage pattern of thyroid carcinoma is a central cervical (level
VI) metastasis, followed by lateral cervical (levels II through V) compartment
metastasis. The tumor’s location within the thyroid gland can influence the metastasis
site.

Tumors located in the isthmus, middle, and lower parts of the gland
predominantly metastasize to the central nodes, while tumors in other gland sections
usually metastasize to ipsilateral lateral regions (Randolph et al., 2012). The most
common cervical lymph node classification system, recommended by the American
Joint Committee on Cancer and the American Academy of Otolaryngology and Head
and Neck Surgery, delineates the central compartment as level VI lymph nodes, and the
lateral compartment as levels II through V.

Dissection, the process of removing lymph nodes, involves excising both the
lymph nodes and soft tissues extending from the lateral wall of the carotid sheath to the

trapezius muscle, and from the subclavian vein to the hypoglossal nerve. The procedure



typically involves removing levels II, III, IV, and V. In cases with evident metastatic

disease at level VI, this level can also be excised.

The “berry picking” procedure, which only removes suspicious and enlarged

lymph nodes, is generally deemed inadequate (Robbins et al., 2002).

The neck has six anatomical levels, which are used to stage and plan treatment

for thyroid and other head and neck cancers.

Level I: submental and submandibular

superiorly: mylohyoid muscle and mandible

inferiorly: inferior border of the hyoid bone

anteriorly: platysma muscle

posteriorly: posterior border of the submandibular gland

There are two sublevels: level Ia (submental nodes): anteromedial between the
anterior bellies of both digastric muscles; level Ib (submandibular nodes):

posterolateral to the anterior belly of the digastric muscles.

Level II: upper internal jugular (deep cervical) chain

superiorly: base of the skull at the jugular fossa

inferiorly: inferior border of the hyoid bone

anteriorly: posterior border of the submandibular gland

posterolaterally: posterior border of the sternocleidomastoid muscle

medially: medial border of the internal carotid artery

There are two sublevels: level Ila: inseparable from or anterior to the posterior
edge of the internal jugular vein; includes jugulodigastric nodal group; level

IIb: posterior to and separable by a fat plane from the internal jugular vein.

Level III: middle internal jugular (deep cervical) chain

superiorly: inferior border of the hyoid bone

inferiorly: inferior border of the cricoid cartilage

anteriorly: anterior border of the sternocleidomastoid muscle
posterolaterally: posterior border of the sternocleidomastoid muscle

medially: medial border of the common carotid artery



Level IV: lower internal jugular (deep cervical) chain

superiorly: inferior border of the cricoid cartilage

inferiorly: level of the clavicle

anteriorly: anterior border of the sternocleidomastoid muscle

posterolaterally: oblique line drawn through the posterolateral edge of the
sternocleidomastoid muscle and the lateral edge of the anterior scalene muscle
medially: medial border of the common carotid artery

includes medial supraclavicular nodes including Virchow node

Level V: posterior triangle

superiorly: skull base at the apex of the convergence of sternocleidomastoid and
trapezius muscles

inferiorly: level of the clavicle

anteromedially: posterior border of the sternocleidomastoid muscle
posterolaterally: anterior border of the trapezius muscle

There are two sublevels: level Va: superior half, superior to inferior border of
the cricoid cartilage (posterior to levels II and III); includes spinal
accessory nerve; level Vb: inferior half, inferior to inferior border of the cricoid

cartilage (posterior to level IV); includes lateral supraclavicular nodes.

Level VI: central (anterior) compartment

superiorly: inferior border of hyoid bone

inferiorly: superior border of manubrium (suprasternal notch)

anteriorly: platysma muscle

posteriorly: trachea (medially) and prevertebral space (laterally)

laterally: medial borders of both common carotid arteries (medial to levels III
and IV) includes anterior jugular, pretracheal, paratracheal, prelaryngeal

(Delphian), and perithyroidal nodes

Level VII refers to the upper mediastinal region, an extension of the paratracheal

chain that lies beneath the suprasternal notch and above the trachea. This area is

typically accessed not by a head, neck, or thyroid surgeon, but by a thoracic surgeon.



All higher levels ultimately drain to the jugular nodes on their respective sides, then to
the right lymphatic duct or the thoracic duct on the left. One critical aspect of thyroid
surgery is to securely ligate the lymphatic vessels to prevent lymphatic leakage, which
could lead to serious complications that are difficult to manage.

In metastatic DTC patients, level I does not factor into a neck dissection since
metastasis does not occur in this region. It is relevant in cases of squamous cell
carcinoma of the head and neck, which can also metastasize to level I nodes.

Surgeons should have a thorough knowledge of neck anatomy to successfully
perform thyroid surgery and prevent potential intraoperative and postoperative
complications.

Sosa et al. (YEAR) suggested that the complications arising during surgery can
often be attributed to medium and low-volume surgeons. This implies that these
surgeons may lack the frequency of practice required to manage complex scenarios,
leading to a higher incidence of recurrent laryngeal nerve palsy and postoperative
hypoparathyroidism. In fact, low-volume surgeons, performing fewer than 25
thyroidectomies a year, are found to be responsible for 81% of such complications

(Abdalgadir et al., 2017).
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Iodine is an essential constituent of the thyroid hormones, key factors for human
development and physiology during intrauterine and postnatal development. Active
iodide transport into the thyroid epithelial cells is mediated by the Na'/I" symporter
(NIS). Radioiodine based diagnosis and therapy of thyroid diseases has been applied
since 1940 (Seid et al., 1946, Borges et al.,2021) but NIS was the only first cloned in
1996 in the laboratory of Nancy Carrasco. (35,Dai et al.,1996, De La Vieja et
al.,2000,Dohan et al.,2003, Levy et al.,1997) NIS is a plasma membrane glycoprotein,
and NIS secondary structure model with 13 transmembrane segments has been proposed
based on experimental data. (Levy et al.,1996, Revera et al.,2017, Eskandari et al.,1997)

NIS couples the inward translocation of Na down its electrochemical gradient to

the simultaneous inward “uphill” translocation of I against its electrochemical gradient.

10
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The Na' gradient that provides the driving force for cellular I uptake is
maintained by the Na"/K" ATPase. Two Na' are transported per each I'. In the thyroid,
both NIS and Na'/K* ATPase are located on the basolateral surface of the thyroid
follicular cells, facing the blood supply. (Revera et al.,2017, Eskandari et
al.,1997,Paroder et al.2011)

TSH and I' are the two main factors that regulates thyroidal I transport: TSH
stimulates it and I decreases it. Hence TSH stimulation and I depletion are the two most
important modulators routinely used to optimize radioiodine treatment of metastatic
thyroid carcinoma. (Eskandari et al.,1997,Paroder et al.2011, Tacebay et al.,2000)

NIS — mediated radioiodine therapy of thyroid cancer is the oldest routinely
applied molecular targeted radiotherapy available today. Nowadays the NIS gene is one
of the most promising candidates for gene therapy applications being both a therapeutic
and a reporter gene. (Tacebay et al.,2000, Doha net al., 2004, Ferreira et al., 2005)

A major drawback of available traditional cytotoxic anticancer therapies is that
they are not selective for cancer cells. They have significantly toxicity against normal
cells as well. Therefore, the ultimate aim of any new anticancer therapy is to achieve
selective destruction of cancerous tissue with minimal harm to healthy cells.

One of the most promising approaches to accomplishing this is targeted radiation
therapy. The radiation therapy is a prime example of targeted radioiodine therapy via
selectively expressed plasma membrane transporters. (Ferreira et al., 2005, Spitzweg et

al.,2021, Maysor et al., 2021)

Radioiodine therapy has been employed with great success for over 60 years to
destroy thyroid cancer remnants and/or metastases after thyroid surgery. The presence
of NIS in thyroid cancer cells ensures that administered radioiodine is selectively
accumulated in these cells, thus causing little damage to other cells and only minimal
side effects. Thus far, radioiodine therapy has been viewed as applicable only to thyroid
cancer. NIS can concentrate various radionuclides in target cells and can facilitate
exciting application of NIS including diagnostic and /or therapeutic gene. (Wapnir et al.,
2003, Niccola et al., 2015) Recent observations have raised the possibility to applying
radioiodine therapy to breast cancer and other cancers by introducing NIS into tumour

via viral vectors or upregulating the tumors’ endogenous NIS expression if present. The
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NIS as a transgene can thus do image guided radiotherapy, monitoring of gene and
vector biodistribution and evaluate trafficking of therapeutic cells.

Potential limitation of ectopic (extrathyroidal) NIS expression is that
extrathyroidal tissues do not allow organification of iodide. Therefore the accumulation
of iodine is the sum of cellular uptake and efflux, largely dependent on the plasma
availability (absorption and clearance) of the tracer. (Niccola et al., 2015, Martin et al.,
2019, Dohan et al., 2001, Altorjay et al., 2007, Portulano et al.,2014)

NIS is a master molecule of I metabolism. NIS has been shown in rodents to be
responsible for iodine absorption from the intestine. (Dohan et al., 2001, Altorjay et
al.,2007)

Some of the absorbed iodine gets organified in the thyroid. Iodine is secreted by
NIS in the salivary glands and in the stomach into the gastrointestinal lumen and
again absorbed via NIS in the small intestine. lodine is finally excreted through the
kidney by glomerular filtration. (Levy et al.,1996, Reverea et al., 2017)

Polarized expression of NIS in the epithelial cells results in vertical transepithelial
transport of I".

At all cellular level NIS expression is polarized, it is located to the basolateral
plasma membrane in all tissue where it is expressed, except in the enterocytes of the
small intestine, where NIS is confined to the apical membrane. (Wapnir et
al.,2003,Niccola et al.,2016) Basolaterally , the localized NIS transports I" into the
lumen, which is in contrast to apically localized NIS translocates I" from lumen
surrounded by the cells. Interestingly, NIS is regulated differently in each of these
tissues. Current apical expression of NIS in the epithelium of the small intestine has
been demonstrated only in rodents. (Altorjay et al. 2007)

Natrium/sodium iodide transporter (NIS) is a plasma membrane glycoprotein that
couples the inward translocation of Na® down its electrochemical gradient to the

simultaneous inward "uphill" translocation of I" against its electrochemical gradient.
NIS-mediated radioiodine therapy of thyroid cancer is the first and most successful
molecular targeted radiotherapy available today. (Dohan et al.,2001) Radioiodine
uptake is decreased in thyroid cancer, because of absent NIS expression or impaired

plasma targeting of NIS.( Portulano et al.,2014)

12



About 90 % of thyroid cancers are originate from follicular cells as differentiated
thyroid cancer (DTC) , 90% of DTC is papillary thyroid cancer (PTC, and110 % is
follicular thyroid cancer (FTC). (Fagin et al.,2016) The standard of care for localized
or locally advanced PTC is surgery followed by radioiodine (RAI ) ablation and thyroid
stimulating hormone suppression therapy. In contrast, recurrent and/or metastatic
papillary thyroid cancer, especially if it loses its radioiodine accumulation capacity
during dedifferentiation and progress, can be an untreatable disease. The S5-year
survival rate in localized cases is 98%, but with metastasis, the rate decreases to 55,5%.
With radioiodine (RAI)-accumulating persistent thyroid cancer, the 10-year survival
rate is 29%, but in cases of lost RAI accumulation, it is only 10%. (Weitzman et al.,
2019) Progression of metastatic disease can be delayed with repeated radioiodine
therapy, but over time the tumor dedifferentiates and loses its ability to accumulate
radioiodine.

RAI accumulation in thyroid cancer cells is mediated by the Na'/I" symporter

(NIS). NIS is a plasma membrane glycoprotein that couples the inward translocation of
Na' down its electrochemical gradient to the simultaneous inward "uphill" translocation

of I" against its electrochemical gradient. NIS-mediated RAI therapy for thyroid cancer
is the first and most successful molecular targeted radiotherapy that is currently
available. (Dohan et al., 2003) In lack of NIS expression or impaired plasma targeting

of NIS, RAI uptake may be decreased or absent in thyroid cancer. (Dohan et al., 2001)

The prognosis for patients with iodine-refractory thyroid carcinoma is poor, and
the average survival time is 3-5 years. The treatment of RAI refracted metastatic disease
is challenging, multikinase inhibitors (sorafenib, leenvatinib) can be administered to
slow down disease progression. RAI refractoriness (lack of RAI accumulation) of
metastatic PTC is caused by a decrease in NIS expression or impaired plasma-
membrane targeting of the transporter. Understanding the pathomechanism of iodine
uptake disorder in thyroid cancer could open up the possibility of reinduction of RAI
uptake.( Yu et al., 2023)

There are several ongoing clinical trials with mitogen-activated protein kinase
(MAPK) inhibitors (selumetinib, dabrafenib, and trametinib) to reinduce RAI uptake in
RAI-refractory thyroid cancer. (Yu et al., 2023)

13



Programmed cell death ligand (PD-L1) an immune checkpoint molecule one of
the most important target of FDA and EMA approved cancer immunotherapy.

PD-L1 a membrane bound protein, member of the immune globulin superfamily.
It contains an N terminal part facing extracellularly, a transmembrane domain, and a
short carboxy terminal facing intracellularly (Kornepati et al., 2022) PD-L1 expressed
on the cell surface of cancer cells binds to PD-1 (programmed deathl) on effector T
cells and inhibits their anticancer effect. In cancer immunotherapy administered Anti-
PD-L1 and/or anti- PD-1 antibodies inhibit PD-L1 — PD-1 interaction, and reactivates
anticancer T effector functions. This so called ,,cell-extrinsic” PD-L1-PD-1 interaction
inducing PD-1 downstream signaling leading to T cell inactivation is well described.

Recently discovered “cell-intrinsic” PDL1 signaling is mostly PD1 independent,
and in cancer cells modulate proliferation, survival, signaling, gene expression ...etc.
(Kornepati et al., 2022). Also anti-PDL1 antibodies interacting with PD-L1 on the
cancer cell surface could induce PD-L1 intrinsic signaling.

The more dedifferentiated thyroid carcinomas are, the more frequently they
express the “immune-hijacking” molecule PD-L1 on their surfaces. At the same time,
iodine uptake by differentiated thyroid carcinoma is reduced due to impaired NIS
expression or plasma membrane targeting, and tumor cells become RAI refractory
during further dedifferentiation and no longer take up RAIL Thyroid cancer
dedifferentiation leads to high PD-L1 expression and absent RAI uptake. While several
publications have reported on the separate and distinct expression of NIS or PD-L1 in
thyroid cancer, to date, no studies have examined simultaneous expression of NIS and

PD-L1 in the same tumor samples.
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2.0bjectives

We aimed to examine the surgical results of patients who underwent the TOETVA
procedure, as well as the outcomes of metastatic papillary thyroid cancer patients who
underwent open surgery at the National Institute of Oncology between 2013-2018. The
Head and Neck Multidisciplinary Cancer Center, the leading thyroid center in Hungary,
conducts an average of 600—700 thyroid surgeries annually.

Thyroid is the most frequent target of autoimmune pathology. Immune thyroiditis,
one of the most often experienced adverse effect of cancer immunotherapy with
immune checkpoint inhibitor antibodies. While there is a lot of knowledge
accumulating on thyroid autoimmunity, there is very few known about the immuno-
editing process during the course of thyroid cancer.

The aim of our study was to follow the distribution of radioiodine in the human
body by whole body SPECT (single photon emission computer tomography) imaging
and correlate this with NIS immunhistochemistry in radioiodine accumulating human
tissues.

We were particularly interested to evaluate NIS expression in human small
intestinal epithelium as well as to understand its possible role in I" absorption, and
recirculation. The low mutational burden of differentiated thyroid cancer it is
hypothesized to confer low immunogenicity, but the high prevalence of thyroid
autoimmunity, seem to be contradictory, and raises questions about the real
immunogenicity of thyroid cancer. There are only a handful of studies that have
evaluated immunotherapy in DTC in humans. And consequently there are no predictive
biomarkers which can be used to indicate immunotherapy in DTC. lodine supply has a
significant impact on all kind of thyroid pathologies. Most published studies on the
expression of PD-L1, presence of CD8+T lymphocytes in thyroid cancer were reported
from geographical areas with high iodine intake. In contrast, in Hungary iodine intake is
low, this could also affect the immuno-editing process of thyroid cancer.

We had also interest to investigate and correlate PD-L1 and NIS expression in
lymph node metastatic PTC tumor samples and correlate these to the size, multifocality,
metastatic nature, and iodide accumulating ability (plasma membrane expression of

NIS) of the DTC.
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3.Materials and Methods

Between June 2018 and October 2021, a total of 12 patients with thyroid cancer or
nodules, measuring between 1 and 5 cm, underwent TOETVA surgery at the National
Institute of Oncology. We performed lobectomies on 11 patients, and one underwent an
isthmusectomy. Patients must be nasotracheally intubated for this process, positioning
their heads in a hyperextended position on an inflatable pillow under the shoulders. The
method was modified as described below.

The anesthetist, who is experienced in TOETVA anesthesia, performed gentle
hydrodissection on our last four patients. This involved infiltrating the thyroid capsule
with lidocaine and saline under ultrasound guidance. We injected a virtual space
between the thyroid’s true capsule and pseudo-capsule with 20 mL of a 0.5% lidocaine
solution containing adrenaline, also under ultrasound guidance. This technique, along
with injecting the Erb point - a pivotal step in thyroid operations conducted under
regional anesthesia by our team - is a unique approach used exclusively by us in
TOETVA surgery. It also involves performing external hydrodissection of the thyroid’s
pseudo-capsule (Figure 2. ).

B MEOn £ Dusl | P T

Figure 2. Infiltration of thyroid’s pseudocaspule

A: trachea
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B: thyroid lobe

C: local anesthetica
D: needle

E: SCM muscle

Patients are administered 1.2 g of intravenous Amoxicillin Clavulanic acid for
antibiotic prevention. We prepare three oral vestibule incisions for the trocars, adhering
to the standard practice of avoiding the mental nerve. The middle incision made above
the frenulum is intended for the 1cm optic trocar; the other two 5-mm incisions on both
sides are for the instruments. The mouth is rinsed with 0.2% chlorhexidine before the
procedure.

The subplatysmal plane is hydrodissected using a Veress needle, and 30—50 ml
of a saline solution, which includes Img of adrenaline in 500 ml saline, is used. After
the optic trocar is inserted, the lower border is the jugulum, and the lateral border is the
sternocleidomastoid (SCM) muscle. Carbon dioxide (COy) is used for insufflation,

maintained at 6 Hgmm.
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Figure 3. Location of the endoscopic ports

The side ports are inserted under visual guidance, using general laparoscopic
equipment designed for abdominal procedures. The cranio-caudal view facilitates the
identification of the recurrent laryngeal nerve. Once the operative field is clear, the next
step is to carefully separate the thyroid lobe from its bed. Key aspects of the operation
include identifying and preserving the parathyroid glands and the recurrent laryngeal
nerves. Preoperative hydrodissection allows for easier dissection and provides an
avascular plane that aids in identifying vessels and nerves. The thyroid lobe is then
transported to the neck using an endobag. Lastly, 3/0 Monocryl sutures are used to close

the vestible wounds.

19
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Figure 4. Identification and ligation of the right superoir thyroid vessels with ultrasonic

device

Figure 5. Identification of the right recurrent laryngeal nerve
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Figure 6. Ligation of the inferior thyroid vessels with ultrason device, identification of

right lower parathyroid gland
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Figure 7. Blunt dissection of the right thyroid lobe from its bed
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Figure 8. Pulling out the right thyroid gland through the tunnel

-

igure 9. Closing the wound with 3/0 absorbable suture in 2 layer
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The side ports are inserted under visual guidance, using general laparoscopic
equipment designed for abdominal procedures. The cranio-caudal view facilitates the
identification of the recurrent laryngeal nerve. Once the operative field is clear, the next
step is to carefully separate the thyroid lobe from its bed. Key aspects of the operation
include identifying and preserving the parathyroid glands and the recurrent laryngeal
nerves. Preoperative hydrodissection allows for easier dissection and provides an
avascular plane that aids in identifying vessels and nerves. The thyroid lobe is then
transported to the neck using an endobag. Lastly, 3/0 Monocryl sutures are used to close

the vestible wounds.

TOETVA (transoral endoscopic thyroidectomy vestibular approach) is a proper
procedure for T1-2 thyroid cancers without extrathyroidal extension (ETE), or cysts (
not larger then 5-6 cm), thyroid adenomas, parathyroid adenomas are suitable for
TOETVA procedure. Contraindication can be substernal extension or larger tumors with
ETE. (Anuwong et al., 2016)

In the Head and Neck Multidisciplinary Cancer Center of the National Institute of
Oncology we examined and analyzed the operations and those results of 130 metastatic
papillary thyroid cancer patients operated by the same 2 surgeon (a senior and a junior
thyroid surgeon).

Both of them are high volume surgeons with a thyroid operation number over
300/year. Preoperative imaging and FNAB were carried out before the operation in
every case. Regarding the metastatic lymph nodes, thyroidectomy was performed in all
cases. According to the ATA guidelines (2015), NCCN guidelines (2019) lymph node
dissections were performed after biopsy proven. (Haugen et al., 2016, Haddad et al.,

2022)

Patients’ clinical records were reviewed from 2013 to 2018 for those that
underwent total thyroidectomy with central lymphadenectomy, supplemented with or
without lateral lymphadenectomy. These patients had preoperative cytological evidence

of differentiated thyroid cancer and biopsy-confirmed lymph node metastasis.

We identified 130 patients with papillary thyroid cancer and lymph node

metastasis in our retrospective study.
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All patients underwent the surgery with the same two practiced neck
endocrine surgeons. Diagnostic conclusions of differentiated thyroid cancer were
obtained preoperatively via ultrasound (US) - guided fine-needle aspiration biopsy
(FNAB). The preoperative preparation incorporated measurements of free thyroid
hormone (FT3, FT4), thyrotropin (TSH), thyroglobulin (Tg), and anti-thyroglobulin
antibody (TgAb). A meticulous ultrasonographic neck scan was also performed.
Ultrasound proved highly effective for diagnosing thyroid conditions, offering near-
100% accuracy when supplemented with FNAB and serum Tg tests. Additional imaging
studies were utilized if local or distant metastasis was suspected. All patients underwent
routine pre- and postoperative laryngoscopy. We recorded demographics and
postoperative complications, inclusive of transient or continuous hypoparathyroidism,
vocal cord paralysis, and local and distant recurrence detected during postoperative
monitoring. Hypocalcemia, defined as less than 2.1 mmol/l (normal range being 2.15—

2.65 mmol/l), was considered lingering if it lasted more than 6 months.

Biochemical assays

FT3, FT4, TgTgAb, and TSH were determined by automatic ultrasensitive

immunochemical assays (Liaison XL).

Surgery

The procedures performed were total thyroidectomy, paratracheal lymph node
dissection, and lateral neck dissection for cases with confirmed lateral metastasis.
Recurrent laryngeal nerves were consistently identified and exposed until their insertion
in the larynx. Additionally, parathyroid glands were identified and preserved. We
performed muscular autoimplantation into the sternocleidomastoid muscle if
parathyroid glands appeared devascularized or were accidentally removed. Serum
calcium levels were tested on the first day after surgery. If a patient’s serum calcium
level was low, we began administering oral or, in specific cases, intravenous calcium

and vitamin D supplement

Radioiodine ablation

RAI is used to eliminate the normal thyroid remnant and irradiate small neoplastic

cell clusters, thereby reducing recurrence risk. Post-surgery, all patients underwent
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adjuvant radioiodine ablation with iodine'®! (1311). The criteria for postoperative 1311
treatment, beyond lymph node involvement, included extracapsular thyroid invasion or
locoregional extension, an unfavorable histological subtype, and vascular or lymphatic
invasion, particularly with diameters >1 c¢cm. To ensure adequate endogenous TSH
levels (>30 mU/mL), which enhances radioiodine uptake, patients discontinued L-T4
replacement 3—4 weeks before radioiodine treatment; when withdrawal from L-T4 was
not suitable, TSH stimulation was achieved with Recombinant Human Thyrotropin
(rhTSH, Thyrogen) following standard protocols. A whole-body scan was performed 4—

7 days post-radioiodine treatment.

Follow-up

Patients underwent neck ultrasounds and serum Tg and TgAb level checks every
6 months as part of their ongoing L-thyroxine treatment. A serum Tg level of <
0.2 ng/mL was classified as undetectable. To monitor for potential recurrence in patients
believed to be disease-free, Tg detection methods were used. In patients that tested
positive for TgAb, whole-body 1311 scanning after thTSH stimulation and neck
ultrasound were employed. The median follow-up duration was 47 months, with a range

from 0 to 196 months.

Statistical analysis

The Mann-Whitney U-test (Statistica 12.5, StatSoft, Tulsa, OK, USA) was
employed to examine the correlations between factors such as capsular, lymph node and
vascular invasion, Hashimoto status, LND and sex, with tumor size, metastatic lymph
nodes and age. The log-rank test was utilized to compare overall survival rates based on
the aforementioned factors, along with pathology and laterality. Lastly, the Cox
regression method was implemented to investigate the impact of tumor size, the number
of lymph nodes, metastatic lymph nodes and age on survival in thyroid cancer surgical
treatment.

NIS polarized expression was studied in I-accumulating tissues via

immunohistochemistry using a polyclonal Ab against the C terminal end of hNIS.
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Radioiodine distribution in human body was evaluated on rutine planar whole
body imaging after I[-131 therapeutic administration in patients underwent
thyroidectomy for cancer. Post-therapeutic whole body scan is rutinely performed, one
representative image is shown in Figure 1.

A whole-body scanner was used to image whole-body distribution. In the case of
I-131, a high-energy collimator (up to 450 keV) was used with a scanning speed of 12
cm/min and a window setting of 364 keV +15%.
Counts were obtained from the regions of  interest over  the whole body  and
the thyroid in anterior and posterior images.

Geometric averages for anterior and posterior counts were used. The

counts were calibrated to the counts at time ¢ < 60 min before any voiding.

Immunohistochemistry

The immunohistochemistry examinations were carried out paraffin embedded
tissues. HNIS polarized expression was studied in I accumulating tissues by
immunohistochemistry using a polyclonal Ab against the C terminal end of hNIS. (Levy
et al., 1997,) HNIS immunohistochemistry was performed as previously described.
Briefly: Five micron sections were cut from surgical blocks of I accumulating tissues;
thyroid, salivary gland, stomach, small intestine. All slides were deparaffinated,
rehydrated and subjected to antigen retrieval. Endogenous peroxidase activity and biotin
activity was blocked using commercial blocking system (Ventana). Sections were
stained using anti-hNIS rabbit polyclonal antibody (1ug/ul, in 1:4000 dilution) directed
against the C terminus (generous gift from Dr Nancy Carrasco) using commercial

immunohistochemistry kit (Ventana). All slides were counterstained with hematoxylin.

The local Institutional Review Board of the National Institute of Oncology
reviewed and approved the retrospective immunohistochemistry examination of paraffin
embedded samples of 89 randomly selected regional lymph node metastatic papillary
thyroid cancer patients operated in the National Institute of Oncology between 2013 and
2018.

Five-micron sections were cut from surgical paraffin blocks of tumor and stained

by appropriate antibodies using kits according to the manufacturers’ instructions (anti-
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PD-L1 DAKO22C3 PharmDx kit). The hNIS expression was studied also by
immunohistochemistry using a rabbit polyclonal antibody against the C terminal end of
hNIS (1 pg/ul at 1:4000 dilution) (Dohan et al.,2004) (a generous gift from Dr. Nancy
Carrasco). Immunohistochemistry analysis was performed as described previously.
(Dohan et al.,2004), Wapnir et al., 2003) All slides were counterstained with
hematoxylin. Immunohistochemical stains were evaluated and scored by two expert
pathologists with experience in PD-L1 and NIS staining both separately and with a
multi-headed microscope.

Three groups were formed according to the proportion of the tumor cells showing
PD-L1 staining (TPS). The first group showed no staining (score 0), the second group
showed between 1 and 50% tumor-cell staining (score 1), and the third group showed
more than 50% staining (score 2). Following the evaluation of the PD-L1 staining, NIS
immunohistochemistry analysis was performed on 85 cases, the percentage of the tumor

cells showing cytoplasmic and/or plasma membrane NIS expression was recorded.
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4. Results

Lobectomy was performed in 11 cases, and one patient underwent
isthmusectomy. In four cases, external hydrodissection was used to infiltrate the thyroid
lobes’ capsule under ultrasound guidance (Figure 1). With this unique technique, the
preparation of the gland is easier, and in these cases, the operation times were shorter
than in normal TOETVA cases. Of the 12 patients, ten were female, and two were male,
with a mean age of 48 years (range 41-72). Ten procedures were performed on the right
side, one on the left, and one involved an isthmusectomy. The histological report
indicated papillary thyroid cancer (size 0.8cm-1.7cm) in four cases, follicular adenoma
in five cases, colloid nodule in one patient, and cysts in two patients. TOETVA patients
did not require drain placement and were discharged on the first postoperative day. The
average operating time was 107 minutes (range 76—124 min) in normal cases and 89
minutes (range 63-95 min) with external hydrodissection. Injury to the recurrent
laryngeal nerve was not detected, and no other complications were observed. Transient
numbness of the lower lip disappeared in every case after 2—3 weeks.

The clinical records of patients undergoing total thyroidectomy with central
lymphadenectomy and with/without lateral lymphadenectomy, between 2013 and 2018,
presenting preoperative cytological evidence of differentiated thyroid cancer and with
biopsy proven lymph node metastasis. In our retrospective study, 130 papillary thyroid
cancer patients with proven lymph node metastasis were identified. These patients had
undergone total thyroidectomy with central and with/ without lateral neck dissection in
our department. In all cases, surgery was performed by the same two experienced neck
endocrine surgeons. For each patient, a preoperative diagnosis of differentiated thyroid
cancer had been obtained by ultrasound (US) - guided FNAB. The preoperative workup
consisted of free thyroid hormone (FT3, FT4), thyrotropin (TSH), Tg and anti-Tg
antibody (TgAb) measurements, and high- resolution US of the neck by a skilled
sonographer. Neck ultrasound is the most effective tool for detecting thyroid disease,
combined with the result of FNAB and serum Tg assays, neck US can reach an
accuracy around 100%. Other imaging studies should be carried out if locoregional or/

and distant metastases are suspected. A pre- and postoperative laryngoscopy was
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routinely performed in all patients. Patient demographics and postoperative
complications were recorded,

recurrent laryngeal nerve was not detected. Any other complications were not
detected. Transient numbness of the lower lip disapperared in every case after 2-3

weeks.
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Tablel. Surgical data of TOETVA patients

age sex | Nodule Operation OP surgery complication

size/FNA time

1 49 f 29mm Lobectomia l.d. | 142 TOETVA |0
Follicul min
neoplasia

2 70 f 34mm Lobectomia l.d. | 110 TOETVA |0
colloid min
nodule

3 41 f 28mm Lobectomia l.s. | 120 TOETVA |0
follicular min
neoplasia

4 42 f I5mm Lobectomia l.d. | 180 TOETVA |0
papillary min
cancer

5 43 f 9mm Isthmectomia | 120 TOETVA |0
papillary min
cancer

6 56 f 8mm Lobectomia l.d. | 210 TOETVA |0
papillary min
cancer

7 48 m 15mm Lobectomia l.d. | 140 TOETVA |0
papill.cc min

8 52 f 27mm Lobectomia l.d. | 123 TOETVA | Seroma punctio
Hiirthle-cell min
neoplasia

9 35 f 42 mm cyst | Lobectomial.d. | 117 TOETVA |0

min
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10 |53 f 36 mm cyst | Lobectomia l.d. | 60 TOETVA |0
min
11 |40 f 30mm Lobectomia l.d. | 120 TOETVA |0
follicular min
neoplasia
12 | 54 f 20mm Lobectomia l.d. | 87 TOETVA |0
follicular min
neoplasia
13 | 44 f 36mm Lobectomia l.d. | 107 TOETVA |0
follicular min
neoplasia

From January 2013 to December 2018, 130 patients with metastatic papillary
thyroid cancer underwent total thyroidectomy with lymph node dissection. These
patients included 85 women and 45 men, with an average age of 47.56 years (ranging
between 19 and 90 years old). Forty-three patients had thyroidectomy with only central
neck dissection, while 87 patients had both central and lateral neck dissections.

Transient hypocalcemia and temporary vocal cord palsy were observed in 30
(23%) and 12 (9%) patients, respectively, while 4 (3%) patients experienced definitive
hypocalcemia and 3 (2%) had permanent recurrent nerve palsy.

On examination, unifocal cancer was identified on one side in 75.38% (98) of
patients, and on both sides in 24.61% (32). Multifocal cancer was identified on one side
in 83.07% (108) of patients, and on both sides in 16.92% (22). Capsular invasion was
found in 57.7% (75) of patients, lymphatic invasion in 48.46% (63), and Hashimoto
thyroiditis in 39.23% (51). Microcarcinoma was detected in 33.07% (43) of patients.

Fourteen patients (10.77%) received a completion thyroidectomy, with
multifocality found in two cases and extrathyroidal extension (ETE) detected in 12
cases through the histological report before the second surgery.

Patients without capsule invasion have a significantly better cancer-free survival
rate compared to those with capsular invasion (p = 0.0368). However, no significant

correlation was reported with regard to vascular and lymphatic invasion.
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The median follow-up period was 47 months (0 to 196 months). We compared
tumor size, the number of metastatic lymph nodes, and age against capsular invasion,
vascular invasion, lymphatic invasion, and Hashimoto thyroiditis.

With increasing age, rates of vascular and lymphatic invasion were higher. In
patients with Hashimoto’s, the tumor size was smaller, and the age of patients was
younger. A significant correlation was found between the number of removed lymph
nodes and the tumor size (p = 0.0212), but not with age (p = 0.2406, according to
Spearman’s rank correlation). There was no significant correlation between the survival
rate and the number of removed lymph nodes (p = 0.2405, according to Cox
regression).

Table 2.
Correlation among the tumor size, metastatic lymph nodes and age to the capsular,

lymphatic, vascular invision and Hashimoto thyreoiditis

p-value Capsular Lymphatic | Vascular Hashimoto
(Mann-Whitney U-test) invasion invasion Invasion thyreoiditis
Tumor size <0.001 <0.001 <0.001 0.0242
Number of metastatic lymph | 0.0151 0.0162 0.0133 0.5614
nodes

Age 0.0206 <0.001 <0.001 <0.001
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Figure 10.

Cancer specific survival is 91,5%
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Figure 11.
Overall survival with and without capsular invasion. There was no difference in

survival, p=0.2264 (Log-Rank test).
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Figure 12.
Overall survival with and without vascular invasion. We found no difference between

the groups, p=0.1088 (Log-Rank test).
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Figure 13.
Overall survival with and without lymphatic vessel invasion. No difference was shown,

p=0.25 (Log-Rank test).
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Figure 14.
Overall survival in Hashimoto and non-Hashimoto tumours. No difference was found in

survival of Hashimoto versus non-Hashimoto tumours, p=0.2993 (Log-Rank test).
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Figure 15.
Overall survival in tumours with less than 10, between 10 and 20, and above 20 positive
lymph nodes. No difference was found in survival based of the number of positive

lymph nodes, p=0.4044.
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Figure 16.
Overall survival in female and male patients. There were no difference in survival

between the genders, p=0.1391 (Log-Rank test).

Table 3. Comparison of OS, and complications of thyroid surgery in the institutional

and international data

oS Transient Permanent Transient Permanent

hypocalcaemia | hypocalcaemia | RLN palsy | RLN palsy

Institutional | 91% 23% 3% 9% 2%
data

International | 90% 14-60% 3-11% 3-7% 0-4%
data
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Apically-expressed NIS in human tissue underlies I" absorption from the intestine. The
I"is secreted into the lumen in the stomach and salivary glands by basolaterally-
expressed NIS. The I' is then again recirculated in the small intestine via apical NIS into

the bloodstream.

Figure 17.

Planar imaging of post-therapeutic I-131 distribution in a patient underwent
thyroidectomy for thyroid cancer. The images were taken 72 hours following
therapeutic administration of I-131.

(1): salivary gland, iodide is translocated into the saliva, (2) thyroid remnant: iodide is
trapped in the thyroid gland, (3) stomach: iodide is translocated into the gastric juice,
(4) iodide, as an anion simply filtered through the glomeruli and collected with the urine
in the urinary bladder, (6) from the stomach the gastric juice gets into the small
intestine, where iodide is an taken back from the intestinal lumen, and translocated into

the blood stream.

40



Figure 18.

Black arrows indicating the basolateral membranous staining of the iodide accumulating
follicular epithelium in the thyroid gland (top left), the basolateral membrane staining of
iodine excreting epithelial cells in the salivary gland acini (top middle) and in the
gastric mucosa (top right).

Apical membrane staining of the epithelial lining on the surface of duodenal villi
responsible for iodide absorption (bottom left: cross sectional, bottom right:

longitudinal sectional plane) (NIS immunohistochemistry, 40x magnification)

In our present study we first reconfirmed previous observations that NIS
expression is absent only in 33% of PTCs, and NIS expression is increased in the
majority of thyroid cancer, but

retained in the cytoplasmatic membrane compartments, resulting absent or
significantly decreased radioiodine accumulation in thyroid cancer cells. (Dohan et al.,

2001,Wapnir et al., 2004)

Also in the line with results of others we also demonstrated that significant

proportion , 72% of PTSs express PD-L1. (Wan et al., 2021)
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Our aim was to evalute - first time ever - NIS and PD-L1 expression in the same
tumoral tissue, and we could not find correlation between NIS and PD-L1 expression in
the primary tumor of lymph node metastatic PTCs.

As our study is the first attempt to explore possible association between PDL1 and
NIS expression, it has several limitations.

It has been described by Lubin at al., that PTC with a background of Hashimoto
thyroiditis exhibit significant PD-L1 expression. (Lubin et al. 2018) Others reported that
PTCs with a thyroiditis background demonstrated much higher PD-L1 expression
compared to PTCs with a normal background. (Cunha et al., 2014, Bai et al., 2017) In
our study we did not evalute the presence of thyroiditis, and it’s association with PDLI
or NIS expression.

Several studies have demonstrated that during the dedifferentiation process in
most thyroid cancer the expression of PDL1 increases (D'Andréa et al., 2021) and NIS
functional expression decreases (Weitzman et al.,2019). The PD1/PDL-1 pathway in
general is used by cancer cells to resist immune destruction, while lacking functional
NIS expression leads to radioiodine resistance.

PDL1 expression was evaluated only in the cancer cells, and expressed as TPS,

the PDL1 staining of tumor infiltrating immunocells was not recorded.
We also did not investigated PD-L1, or NIS expression in corresponding lymph

node metastases, but others reported PD-L1 expression in metastatic PTC tissues were

similar to their corresponding primary tumor in the thyroid. (Lubin et al., 2018)
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Figure 19.
Figure 3. Schematic representation of iodine metabolism
Schematic representation of iodine distribution in the human body regulated by tissue
specific polarized (basolateral or apical) plasma membrane expression of hNIS in
epithelial cells.
Blue arrows: basolaterally expressed NIS in epithelial cells translocates iodine in the
saliva, in the gastric juice, and in the thyroid cells, where it is covalently bound to the
tyrosyl residues of thyroglobulin. Red arrows: apically expressed NIS in the epithelial
cells of the duodenal mucosa translocates iodine from the intestinal juice to the blood

stream.
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PD-L1 immunohistochemistry was performed on the primary tumor of regional
lymph node metastatic 89 PTC cases. 25 (28%) of the tumors did not show PDLI1
expression, while 58 (65%) and 6 (7%) of the tumor-tissues were in staining groups 1

and 2, respectively. (Table 1.)

NIS immunohistochemistry was performed on 86 primary papillary carcinomas.
51 (60%) out of 86 tumors showed NIS expression, only in 7 (8%) cases NIS was
localized in the plasma

membrane, while in most tumors NIS was retained in the intracytoplasmic
membrane compartments. (Figure 1.) (Table 1.) NIS and PD-L1 expression was
evaluated on different tissue sections from the same tumor and we could not investigate
NIS and PD-L1 colocalization in tumor cells.

The Sperman-Rank Order Correlation was run to determine the relationship
between PD-L1 (TPS) and NIS expression in PTC tumors. There were no correlation
between the PD-L1 and NIS expression (p=0.3199).

No correlations was found between PD-L1 expression (TPS) and metastatic
lymph nodes, lymphogenic spread (data not shown).

We did not find any correlation between Hashimoto thyreoiditis and NIS-PD-L1

expression.

Table 4. Expression of PD-L1 and NIS

Case N PD-L1 Range NIS NIS NIS
citoplasmatic plasmamembrane
1 0 1 30 30 0
2 10 2 0 0 0
3 0 1 20 20 0
4 20 2 0 0 0
5 1 2 0 0 0
6 10 2 1 1 0
7 0 1 0 0 0
8 20 2 0 0 0
9 0 1 0 0 0
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Figure 20. Papillary thyroid carcinoma with normal cytomorphological features,

with membranous PD-L1 staining, with NIS staining
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5.Discussion

The development of a new technique in thyroid surgery aimed to minimize scars
and reduce surgical invasiveness. This was facilitated through endoscope-assisted
procedures aimed at reducing scar size (Miccioli et al., 1999). Approaches such as
ABBA (axilla-bilateral breast approach) and BABA (bilateral axilla-breast approach)
offered vast operative fields but were accompanied by numerous complications
(Shimazu et al., 2003; Ohgami et al., 2000). Robotic thyroid surgery, though innovative,
is significantly costly due to its requirement for special equipment (Lee et al., 2011).
The endoscopic thyroid surgery sublingual approach was discontinued due to the risk of
lingual nerve injury. In 2016, Anuwong Angkhoon and Paul Jitpratoom initiated
TOETVA operations on cadavers and subsequently applied the technique to humans
(Jitpratoom et al., 2016). Since 2016, TOETVA has been accessible in several thyroid
centers across North America, Europe, and Asia.

Nowadays, TOETVA is a recognized procedure for neck dissections at advanced
thyroid centers in Asia. The most common complication of the vestibular approach is
bacterial infection. Saliva contains Gram-positive aerobic and anaerobic species,
whereas the subplatysmal plane is sterile. According to the relevant literature, no
serious bacterial infections have been reported at centers performing TOETVA
(Anuwong et al., 2016). Recurrent laryngeal nerve injury is a significant complication
of both open and TOETVA surgeries. As such, intraoperative nerve monitoring can be a
useful tool to record nerve function during open surgery. The rate of complications is
similar with or without a monitor. Anuwong et al. reported comparable rates of
hypoparathyroidism after both open and TOETVA procedures (Anuwong et al., 2017).
This novel technique is recommended for surgeons who perform a high volume of
thyroid surgeries and are capable of converting to open surgery during sudden serious
situations (Luo et al., 2020).

Thyroid cancer is a prevalent malignant disease, with surgical intervention often
representing the critical initial step. FNAB can distinguish between the types of cancer,
and it is a useful tool for determining the extent of lymph node dissection in cases of

metastasis. However, the impact of locoregional lymph node metastasis on survival
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rates in DTC patients remains a subject of debate (Triantofillou et al., 2018). Various
studies suggest that lymph node metastasis in the lateral compartment, particularly in
older

patients, results in poorer clinical outcomes compared to metastases in the
central compartment (Agrawal et al., 2017). Prior to surgery, all patients undergo an
ultrasound or neck MR/CT. In our study, surgeons only carry out therapeutical
dissections that are biopsy-proven without performing elective dissections.

Reports suggest that nodal dissection can potentially lower locoregional
recurrence and enhance survival in differentiated thyroid cancer cases (Robbins et al.,
2002). Randolph et al. highlighted the relationship between metastatic lymph nodes’
size and number and the likelihood of recurrence. They found that cases with fewer than
five sub-cm metastatic nodes had reduced recurrence risks. However, recurrence rates
of over 20-30% were found in cases of larger lymph node metastases (>3 cm or >5-10
metastatic nodes) (Randolph et al., 2012). High-resolution cervical ultrasonography
(US) is reportedly the most sensitive method for differentiating between metastatic and
benign lymph nodes in patients with differentiated thyroid cancer and detecting
locoregional metastases as small as 2-3 mm. Therefore, preoperative US can effectively
identify metastatic lymph nodes that might go unnoticed with palpation alone in a
significant number of patients with small macroscopic metastases (Russ et al., 2017).

Won et al. studied the optimal range of lateral neck dissection in patients with
differentiated thyroid cancer (DTC) having clinically confirmed lateral neck lymph
node metastases. They concluded that selective neck dissection could be recommended
for well-differentiated DTC patients with lateral lymph node metastasis devoid of risk
factors (Won et al., 2018). Wong et al. suggested that levels Ila, III, IV, and V should
consistently be removed in well-differentiated TC patients to prevent recurrence, as per
their study (Wong et al., 2011). They proposed prophylactic central neck dissection due
to its lower morbidity rates compared to reoperation. Notably, reoperating central lymph
node dissection poses a higher risk to the recurrent laryngeal nerve and parathyroid
glands due to increased scarring. Scarring, edema, and tissue vulnerability, along with
landmark distortion, make re-operative surgery dangerous. It is also linked with a higher
postoperative hematoma and scarring risk (Shaha et al., 2012).

Many endocrine surgeons question the benefits of routine lymph node

dissection, as it is often associated with increased morbidity, including injuries to the
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lower parathyroid glands. Consequently, this procedure has been connected to rates of
transient hypocalcemia of 14-60%, permanent hypocalcemia of 3-11%, temporary
vocal cord

paralysis of 3-7%, and permanent recurrent laryngeal nerve injury of up to 4%
(Gambardella et al., 2016, Won et al., 2018). Total thyroidectomy tends to have a lower
morbidity rate, and with treatments such as radioiodine and TSH suppression therapy,
locoregional lymph node recurrence rates are often low. However, Molteni et al.
suggested that skilled, high-volume surgeons could achieve a low incidence of new
recurrent laryngeal nerve palsy and permanent hypoparathyroidism when reoperating
the central lymph node dissection for recurrent or persistent thyroid cancer (Molteni et
al., 2019). Furthermore, Agrawal et al. developed practical guidelines for when a central
neck dissection should be performed on patients with papillary thyroid cancer. Their
consensus advised that proven lymph node metastases in the central neck should be
addressed with comprehensive compartmental central neck dissection.

Only in certain cases is prophylactic central neck dissection deemed appropriate.
As indicated in these statements, recurrent central neck dissection should ideally be
conducted by highly experienced surgeons who frequently perform such procedures.
This is to reduce the risk of complications compared to having the procedure carried out
by a less experienced, low-volume surgeon (Agrawal et al., 2017).

In fact, the recent American Thyroid Association Guidelines suggest routine
central lymph node dissection for all DTCs, particularly for high-risk patients (Haugen
et al., 2016). They reached this recommendation after carefully weighing all the
advantages and disadvantages.

Our study observed lower survival rates associated with tumor size,
multifocality, and capsular invasion, aligning with other literary reports. Age and
gender demonstrated no significant relevance, corroborating further reports in the
literature.

We have correlated in vivo radioiodine distribution of human body and polarized
NIS expression by immunohistochemistry in iodine accumulating organs. 1" is a tracer
mineral in the environment, and humans ingest it via food. Because of its scarcity, I has
to be adsorbed through a very specific and efficient mechanism. I anions are quickly
filtered from the bloodstream by the kidney and excreted via the urine. I" is also

“trapped” by the thyroid gland; It is transported by NIS into the thyrocytes, where I is
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covalently bound to the tyrosyl residues of thyroglobulin. NIS is highly specific and
efficient in accumulating I into the thyroid cells, but I is also quickly cleared from the
circulation by glomerular filtration. Thus, it is imperative that I" has to remain in the
circulation for a sufficiently long time. (Martin el al., 2019, Dohan et al., 2001)

Nicola et al. first demonstrated NIS over the entire length of small intestine in
rodents. They studied the duodenum to the ileum and found that NIS is localized in the
apical surface of small intestine enterocytes where it mediates intestinal I" absorption.
They also reported that -similar to thyroidal NIS- enteral NIS is autoregulated by T,
and high I" concentration decreases its own intestinal transport. In this report we used
immunohistochemistry to show apical NIS expression of enterocytes for first time in
human small intestine. This corroborates prior rodent work by Nicola. (Nicola et al.,
2015)

Studies of human samples are limited by availability and tissue auto-digestion,
and thus we could not evaluate NIS expression through small intestine. Our samples
were from the duodenum and all showed apical NIS expression in the enterocytes. It is
difficult to study the regulation of expression and polarized plasma membrane targeting
enteric NIS expression in humans. Martin et al. reported the presence of a highly
conserved monoleucine-based sorting signal on the NIS carboxy terminus that is
responsible for basolateral plasma membrane targeting in polarized canine kidney
epithelial (MDCK) cells. Disrupting this basolateral sorting signal results in apical
targeting of NIS protein in epithelial cells. This sorting determinants have to be
recognized by cell-specific sorting machinery.

This sorting machinery is cell-specific and characterized by specific adaptor

proteins.

Currently, very little known in NIS-expressing tissues about the presence,
function, and regulation of cell-specific factors that interact with and determine the
polarized targeting of NIS in the plasma membrane. In the human body, polarized NIS
expression can be basolateral (thyroid, salivary gland, stomach) or apical (small
intestine). (Nicola et al., 2012)

This distribution ensures that I" absorbed in the small intestine, accumulates in

the thyroid gland and secreted into the gastric lumen. This is then reabsorbed in the
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small intestine, finally removed from the circulation via glomerular filtration into the

urine. (Figure 13.)

Our aim was to evalute - first time ever - NIS and PD-L1 expression in the same
tumoral tissue, and we could not find correlation between NIS and PD-L1 expression in
the primary tumor of lymph node metastatic PTCs.

As our study is the first attempt to explore possible association between PDL1 and
NIS expression, it has several limitations.

It has been described by Lubin at al., that PTC with a background of Hashimoto
thyroiditis exhibit significant PD-L1 expression. (Lubin et al. 2018) Others reported that
PTCs with a thyroiditis background demonstrated much higher PD-L1 expression
compared to PTCs with a normal background. (Cunha et al., 2014, Bai et al., 2017) In
our study we did not evalute the presence of thyroiditis, and it’s association with PDLI
or NIS expression.

Several studies have demonstrated that during the dedifferentiation process in
most thyroid cancer the expression of PDL1 increases (D'Andréa et al., 2021) and NIS
functional expression decreases (Weitzman et al.,2019). The PD1/PDL-1 pathway in
general is used by cancer cells to resist immune destruction, while lacking functional
NIS expression leads to radioiodine resistance.

PDL1 expression was evaluated only in the cancer cells, and expressed as TPS,

the PDL1 staining of tumor infiltrating immunocells was not recorded.
We also did not investigated PD-L1, or NIS expression in corresponding lymph

node metastases, but others reported PD-L1 expression in metastatic PTC tissues were

similar to their corresponding primary tumor in the thyroid. (Lubin et al., 2018)
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6.Conclusion

A TOETVA is the only scar-free, effective procedure for the thyroid gland that
offers a satisfactory cosmetic outcome. The extensive operation time can decrease with
experience, typically after 15 to 20 surgeries. The ideal practitioner for this procedure
would be a surgeon highly experienced in thyroid surgeries. Operating field avascularity
can be achieved via external hydrodissection, which facilitates safer, more feasible blunt
preparation. The authors have successfully combined thyroid capsule sheath infiltration,
a technique employed in regional thyroid surgeries, with the TOETVA procedure. Their
innovative method is a safe and effective surgical option for selected patients. In the
future, the authors plan to broaden their approach, removing not only thyroid lobes but
also central and lateral lymph nodes.

Thyroid cancer is a prevalent disease with a favorable survival rate. Surgery can
significantly contribute to the treatment plan. We do not conduct preventative
dissections. The utility of prophylactic central lymph node dissection in treating
differentiated thyroid cancer is quite unclear. To date, there is no decisive evidence
suggesting that preventative central neck dissection decreases recurrence or mortality
rates. This procedure, even when executed by well-versed surgeons, is linked to
increased morbidity. It primarily results in temporary complications, primarily
hypoparathyroidism. However, the rate of permanent complications is incredibly low
and not significantly different from those of a total thyroidectomy conducted
individually.

In our study, tumor size, the number of metastatic lymph nodes, and advanced age
were all correlated with capsular, lymphatic, and vascular invasion, which is consistent
with similar studies.

Patients with capsular, lymphatic, and vascular invasion, as well as those with
larger tumors, had lower survival rates. Contrary to numerous studies supporting the
effectiveness of metastatic lymph node dissection, our data showed no correlation
between the number of dissected and metastatic lymph nodes and survival rate,
eliminating the necessity for prophylactic dissection. Survival rates were higher in
patients who underwent radioiodine therapy after surgery - a well-documented fact.

Hashimoto thyroiditis is associated with larger tumor size.
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Lymphatic and vascular invasions tend to be more frequent in older patients
compared to younger ones.

In summary, we advocate for prophylactic central neck dissection only for high-
risk patients. We have found that certain factors increase the recurrence risk, such as
tumor size, certain histological varieties (namely Hiirthle cell and, especially, tall cell
variant), multifocality, and locoregional infiltration. Using a wider range of
immunocytochemical and genetic markers may enhance preoperative diagnosis.
Furthermore, the creation of methods to detect metastatic lymph nodes during surgery
could greatly benefit patient selection for prophylactic or therapeutic central neck

dissection in the near future.

Prophylactic central neck dissection is appropriate only in specific cases.
According to these statements recurrent central neck dissection should be performed by
high volume experienced surgeons to minimize the complication rate , than for a low

volume surgeon to perform prophylactic dissection. (Agrawal et al., 2017)

As a matter of fact, the recent American Thyroid Association Guidelines, whilst
taking into consideration all the pros and cons, recommend routine central lymph node
dissection for all differentiated thyroid cancers, especially in high-risk patients.(Haugen

et al.,2016)

In our study, tumor size, multifocality, capsular invasion also presented a lower
survival rate, in line with other reports in the literature. We found no differences in

relation to age or gender, in agreement with other reports in the literature.

In our present study we first reconfirmed previous observations that NIS
expression is absent only in 33% of PTCs, and NIS expression is increased in the
majority of thyroid cancer, but

retained in the cytoplasmatic membrane compartments, resulting absent or
significantly decreased radioiodine accumulation in thyroid cancer cells. (Dohan et al.,

2001,Wapnir et al., 2004)
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Also in the line with results of others we also demonstrated that significant
proportion , 72% of PTSs express PD-L1. (Wan et al., 2021) TSH and iodine are the
two main factors that regulate thyroidal I' transport: TSH stimulates it and iodine
decreases transport. (Paroder et al., 2011, Tazebay et al., 2000) Hence, TSH stimulation
and I depletion are the two most important modulators routinely used to optimize
radioiodine treatment of metastatic thyroid carcinoma. Both tissue specific expression
and polarized expression of NIS determines the distribution of I" in the human body. As
an anion, absorbed I" quickly filtered from the circulation by the kidney into the urine.
Gastrointestinal recirculation can led to a prolonged plasma retention time for I' thust
resulting in better I" availability for thyroidal I" accumulation. NIS is the first theranostic
molecule ever used for both diagnostic and therapeutic purposes -it is used in thyroid
imaging, as a reporter gene in gene therapy, and as a radioiodine treatment of
metastatic thyroid cancer. Manipulating intestinal recirculation of I" can optimize
radioiodine availability in the bloodstream for NIS- mediated targeted radiotherapy, and

reporter imaging. (Spitzweg et al., 2021)

In summary we found no correlation between the percentage of NIS and PD-
Llexpressing tumor cells in the primary tumors of lymph node metastatic PTCs. We
could not perform co-localization studies of NIS and PDL1 expression at the cellular
level, so we could not evaluate association between NIS and PD-L1 in the same cancer
cell.

Several studies have demonstrated that during the dedifferentiation process in
most thyroid malignancies the expression of PD-L1 increases. (D’ Andréa et al., 2021)

and NIS functional expression decreases, but may also be independent
consequences of dedifferentiation process. (Weitzman et al., 2019)

It is tempting to speculate whether manipulation of the PD-1/PD-L1 axis by anti-
PD-L1 or anti-PD-1 antibodies, could restore NIS functional expression.

Based on the present study we can only conclude that the percentage of NIS
expressing or PD-L1 expressing tumor cells does not correlate in the primary tumor of

lymph node metastatic PTC.
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7.Summary

A TOETVA is the only scar —free, and effective procedure of the thyroid gland,
which provides good cosmetic outcome. The long operative procedure time will be
shortened with experience after a learning curve of 15-20 operations. The surgeon must
be a high volume surgeon on the field of thyroid surgery. With external hydrodissection
the operative field becomes avascular, the blunt preparation is safer and more feasible.
The thyroid capsule sheath infiltration is used in regional thyroid surgery what authors
combined with TOETVA procedure. Authors’ unique method is a safe and effective
surgical procedure on selected patients. Thyroid cancer is a common disease with a
good survival rate. In our data capsular invasion, lymphatic and vascular invasion were
correlated with tumor size, also with the number of metastatic lymph nodes, and with
the elderly age according to similar studies. Survival rate was lower in patients
with capsular, lymphatic and vascular invasion, and also in patients with larger tumor
size. In our data the number of dissected and metastatic lymph nodes do not correlate
with the survival rate. This fact suggests absolutely no need for prophylactic dissection.
Survival rate was higher in patients with radioiodine therapy after surgery than the
patients without the radioiodine ablation as it has been well known.
Hashimoto thyroiditis correlates with larger tumor size. In older patients, lymphatic-
and vascular invasion occur more often than in younger age. To summarize, we believe
that prophylactic central neck dissection should be performed in high-risk patients only.
Unfortunately, no clinical or pathological factors are able to predict with any certainty
the presence of nodal metastasis. In our experience, tumor size is related to an increased
risk of recurrence, as are some histological types (Hiirthle-cell and, particularly, tall cell
variant), multifocality, and locoregional infiltration. We examined first apically-
expressed NIS in human tissue underlies I" absorption from the intestine. The I is
secreted into the lumen in the stomach and salivary glands by basolaterally-expressed
NIS. The I'is then again recirculated in the small intestine via apical NIS into the
bloodstream.

Since NIS and PD-L1 expression has never been investigated together in thyroid
cancer , the aim of our study was to investigate and correlate PD-L1 and NIS
expression in the same tumor samples of metastatic lymph nodes. We do not detect any

correlation between PD-L1 and NIS expression.
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Osszefoglalas

Az ismertetett Uj technika az elmult évtizedekben egyre nagyobb népszeriiségnek
orvendé endoszkopos beavatkozasok egyike, mely gyakorlott kézben hegmentes, a
nyitott miitétekhez hasonldéan alacsony szovodmény rataji megoldds a megfeleléen
szelektalt beteganyagon. A TOETVA-t nagy szdmban végzd centrumokban az atlagos
mitéti 1d6 rovidiil: lobectomia esetén 76 perc, total thyreoidectomia esetében 124 perc.

Hazankban, a moédszert az Orszagos Onkoldgiai Intézetben végezziik a miitéteket,
melyeket kivalasztott beteganyagon, megfeleld indikacidval, az onkologiai elveket szem
el6tt tartva egyre nagyobb szamban kivanjuk alkalmazni.

A jol differencialt pajzsmirigyrak gyakori, de jO prognézisi betegség, melynek
felfedezésében az ultrahang diagnosztikdnak kiemelkedd fontossdga van, illetve a
sebészi beavatkozas dontd szerepet kap a terapids algoritmusban. Beteganyagunkban a
posztoperativ szovodményrata a nemzetkézi adatokkal Osszevetve is alacsonynak
mondhato.

Relativ kis méretli daganat, vagyis a microcarcinoma 43 esetben (33%) adott
nyaki attétet. Az eltavolitott nyirokcsomoé blokkoknak 48%-a volt attétes, mely csak a
tumormérettel mutatott szignifikdns korrelaciot. A pajzsmirigydaganatok kezelése a
multidiszciplinaritds miatt elsdsorban centrumokban végzendo.

A teljes test scan alkalmas a radiojod disztribicié kimutatdsara, mely jol
duodenum lumenébe az apicalisan elhelyzekedd NIS segitségével ismét visszakeriil a
véraramba. Végil a vesével valasztodik ki glomerulus filtracié utan.
Munkacsoportunknak elsdként sikeriilt a NIS apikalis expresszidjat igazolnunk humén
duodenum entrocytakban.

Elsoként vizsgaltuk a PD-L1 és NIS expressziot pajzsmirigyrdk esetén. Nem
talaltunk korrelaciot nyirokcsomo attétes PTC daganatokban NIS és PD-L1 expresszid
kozott.

Ebbdl arra kovetkeztethetiink hogy a PD-L1 intrinsic jelatvitele vélhetéen nincs

befolyassal a NIS expressziora, plazmamembran targetalasra.

59



8.References

1. Abdelgadir AM, Samantha T, Youngwirth MS, Hyslop L, Reed T, Shelby D,
Scheri D, Randall P. MD; Roman, Sanziana A, Sosa JA. Is There a Minimum
Number of Thyroidectomies a Surgeon Should Perform to Optimize Patient
Outcomes?. Annals of Surgery 265(2):p 402-407, February 2017. | DOI:
10.1097/SLA.0000000000001688

2. Agrawal N, Evasovich MR, Kandil E, Noureldine SI, Felger EA, Tufano RP,
Kraus DH, Orloff LA, Grogan R, Angelos P, Stack BC Jr, Mclver B, Randolph
GW. Indications and extent of central neck dissection for papillary thyroid cancer:
An American Head and Neck Society Consensus Statement. Head Neck. 2017
Jul;39(7):1269-1279. doi: 10.1002/hed.24715. Epub 2017 Apr 27. PMID:
28449244.

3. Abdullah MI, Junit SM, Ng KL, Jayapalan JJ, Karikalan B, Hashim OH. Papillary
Thyroid Cancer: Genetic Alterations and Molecular Biomarker Investigations. Int
J Med Sci.2019 Feb 28;16(3):450-460. doi: 10.7150/ijms.29935. PMID:
30911279; PMCID: PMC6428975.

4. Altorjay A, Dohéan O, Szilagyi A, Paroder M, Wapnir IL, Carrasco N. Expression
of the Na+/I- symporter (NIS) is markedly decreased or absent in gastric cancer
and intestinal metaplastic mucosa of Barrett esophagus. BMC Cancer. 2007 Jan

10;7:5. doi: 10.1186/1471-2407-7-5. PMID: 17214887; PMCID: PMC1794416.

5. Anuwong, A, Kim H, Dionigi G. Transoral endoscopic thyroidectomy using
vestibular approach: Updates and evidences. Gland Surg., 2017, 6(3), 277-284.
doi: 10.21037/gs.2017.03.16. PMID: 28713700; PMCID: PMC5503927.

6. Anuwong A, Sasanakietkul T, Jitpratoom P, Ketwong K, Kim HY, Dionigi G,
Richmon JD. Transoral endoscopic thyroidectomy vestibular approach
(TOETVA): indications, techniques and results. Surg Endosc. 2018 Jan;32(1):456-
465. doi: 10.1007/s00464-017-5705-8. Epub 2017 Jul 17. PMID: 28717869.

60



10.

11.

12.

13.

14.

Anuwong A. Transoral Endoscopic Thyroidectomy Vestibular Approach: A Series
of the First 60 Human Cases. World J. Surg. 2016, 40(3), 496-497. doi:
10.1007/500268-015-3320-1. PMID: 26546193.

Bai Y, Niu D, Huang X, Jia L, Kang Q, Dou F, Ji X, Xue W, Liu Y, Li Z, Feng Q,
Lin D, Kakudo K. PD-L1 and PD-1 expression are correlated with distinctive
clinicopathological features in papillary thyroid carcinoma. Diagn Pathol. 2017
Oct 3;12(1):72. doi: 10.1186/s13000-017-0662-z. PMID: 28974264; PMCID:
PMC5627454.

Borges de Souza P, McCabe CJ. Radioiodine treatment: an historical and future
perspective. Endocr Relat Cancer. 2021 Sep 3;28(10):T121-4. doi: 10.1530/ERC-
21-0037. PMID: 33690155.

Chen DS, Mellman I. Oncology meets immunology: the cancer-immunity cycle.
Immunity (2013) 39(1): 1-10. doi: 10.1016/j.immuni.2013.07.012. PMID:
23890059.

Chen HY, Benjamin LB, Chen MF. Hurthle cell tumor. Int Surg. 1(996 )Apr-
Jun;81(2):168-70. PMID: 8912085.

Choi Y, Lee JH, Kim YH, Lee YS, Chang HS, Park CS, Roh MR. Impact of
postthyroidectomy scar on the quality of life of thyroid cancer patients. Ann
Dermatol. 2014 Dec;26(6):693-9. doi: 10.5021/ad.2014.26.6.693. Epub 2014 Nov
26. PMID: 25473220; PMCID: PM(C4252665.

Chowdhury S, Veyhl J, Jessa F, Polyakova O, Alenzi A, MacMillan C, Ralhan R,
Walfish PG. Programmed death-ligand 1 overexpression is a prognostic marker for
aggressive papillary thyroid cancer and its variants. Oncotarget. 2016 May
31;7(22):32318-28. doi: 10.18632/oncotarget.8698. PMID: 27086918; PMCID:
PMC5078015.

Christakis I, Constantinides V, Garas G, Joseph N, Tolley F, Palazzo F.Minimally
Invasive Endocrine (Thyroid, Parathyroid, Adrenal) Surgery. In: Evolution of

61



15.

16.

17.

18.

19.

20.

Operative Techniques, Safety, Effectiveness and Outcomes. Ed.: Hawthorne F.
Nova Science Publishers, Inc, New York, 2014. 1-66.

Cunha LL, Marcello MA, Ward LS. The role of the inflammatory
microenvironment in thyroid carcinogenesis. Endocr Relat Cancer. 2014

Jun;21(3):R85-103. doi: 10.1530/ERC-13-0431. PMID: 24302667.

Dai G, Levy O, Carrasco N. Cloning and characterization of the thyroid iodide
transporter. Nature. 1996 Feb 1;379(6564):458-60.

D’Andréa G, Lassalle S, Guevara N, Mograbi B, Hofman P. From biomarkers to
therapeutic targets: the promise of PD-LI in thyroid autoimmunity and cancer.
Theranostics. 2021;11(3):1310-25. doi: 10.7150/thno.50333. PMID: 33391536;
PMCID: PMC7738901.

De La Vieja A, Dohan O, Levy O, Carrasco N. Molecular analysis of the
sodium/iodide symporter: impact on thyroid and extrathyroid pathophysiology.
Physiol Rev. 2000 Jul;80(3):1083—105. doi: 10.1152/physrev.2000.80.3.1083.
PMID: 10893432.

De Velasco G, Je Y, Bossé D, Awad MM, Ott PA, Moreira RB, Schutz F,
Bellmunt J, Sonpavde GP, Hodi FS, Choueiri TK. Comprehensive Meta-analysis
of Key Immune-Related Adverse Events from CTLA-4 and PD-1/PD-L1
Inhibitors in Cancer Patients. Cancer Immunol Res. 2017 Apr;5(4):312-318. doi:
10.1158/2326-6066.CIR-16-0237. Epub 2017 Feb 28. Erratum in: Cancer
Immunol Res. 2018 Apr;6(4):498-499. PMID: 28246107; PMCID: PMC5418853.

Dismukes J, Fazendin J, Obiarinze R , Marquez GCH, Ramonell KM, Buczek E,
Lindeman B, Chen H. Prophylactic Central Neck Dissection in Papillary Thyroid
Carcinoma: All Risks, No Reward. J Surg Res. 2021 Aug;264:230-235. doi:
10.1016/j.jss.2021.02.035. Epub 2021 Apr 8. PMID: 33838407, PMCID:
PMC8222095.

62



21

22.

23

24.

25.

26.

27.

28.

29.

. Dohan O, Baloch Z, Banrévi Z, Livolsi V, Carrasco N. Rapid communication:

predominant intracellular overexpression of the Na(+)/I(-) symporter (NIS) in a
large sampling of thyroid cancer cases. J Clin Endocrinol Metab (2001) 86(6):
2697-700. doi: 10.1210/jcem.86.6.7746. PMID: 11397873.

Dohan O, Carrasco N. Thyroidal iodide transport and thyroid cancer. Cancer Treat

Res. 2004;122:221-36. doi: 10.1007/1-4020-8107-3_13. PMID: 16209048.

. Dohan O, De la Vieja A, Paroder V, Riedel C, Artani M, Reed M, Ginter CS,

Carrasco N. The sodium/iodide Symporter (NIS): characterization, regulation, and
medical significance. Endocr Rev. 2003 Feb;24(1):48-77. doi: 10.1210/er.2001-
0029. PMID: 12588808.

Eskandari S, Loo DD, Dai G, Levy O, Wright EM, Carrasco N. Thyroid Na+/I-
symporter. Mechanism, stoichiometry, and specificity. J Biol Chem. 1997 Oct
24;272(43):27230-8. doi: 10.1074/jbc.272.43.27230. PMID: 9341168.

Fagin JA, Wells SA. Biologic and Clinical Perspectives on Thyroid Cancer. N
Engl J Med (2016) 375(11): 1054-67. doi: 10.1056/NEJMral501993. PMID:
27626519; PMCID: PMC5512163.

Ferreira ACF, Lima LP, Araijjo RL, Miiller G, Rocha RP, Rosenthal D, et al.
Rapid regulation of thyroid sodium-iodide symporter activity by thyrotrophin and
iodine. J Endocrinol. 2005;184(1):69-76. doi: 10.1677/joe.1.05643. PMID:
15642784.

Gambardella C, Tartaglia E, Nunziata A et al. Clinical significance of prophylactic
central compartment neck dissection in the treatment of clinically node-negative
papillary thyroid cancer patients. World J Surg Oncol. 2016 Sep 19;14(1):247. doi:
10.1186/s12957-016-1003-5. PMID: 27644091; PMCID: PMC5028971.

Grebe Sk, Hay ID. Follicular thyroid cancer. Endocrinol Metab Clin North Am.
(1995 )Dec;24(4):761-801. PMID: 8608779.

Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE,
Pacini F, Randolph GW, Sawka AM, Schlumberger M, Schuff KG, Sherman SI,

63



30.

31.

32.

33.

34.

35.

Sosa JA, Steward DL, Tuttle RM, Wartofsky L. 2015 American Thyroid
Association Management Guidelines for Adult Patients with Thyroid Nodules and
Differentiated Thyroid Cancer: The American Thyroid Association Guidelines
Task Force on Thyroid Nodules and Differentiated Thyroid Cancer. Thyroid. 2016
Jan;26(1):1-133.  doi:  10.1089/thy.2015.0020. PMID: 26462967, PMCID:
PMC4739132.

Jitpratoom P, Ketwong K, Sasanakietkul T, Anuwong A. Transoral endoscopic
thyroidectomy vestibular approach (TOETVA) for Graves’ disease: a comparison
of surgical results with open thyroidectomy. Gland Surg., 2016, 5(6) 546-552. doi:
10.21037/gs.2016.11.04. PMID: 28149798; PMCID: PM(C5233830.

Haddad RI, Bischoff L, Ball D, Bernet V, Blomain E, Busaidy NL, Campbell M,
Dickson P, Duh QY, Ehya H, Goldner WS, Guo T, Haymart M, Holt S, Hunt JP,
lagaru A, Kandeel F, Lamonica DM, Mandel S, Markovina S, Mclver B, Raeburn
CD, Rezaee R, Ridge JA, Roth MY, Scheri RP, Shah JP, Sipos JA, Sippel R,
Sturgeon C, Wang TN, Wirth LJ, Wong RJ, Yeh M, Cassara CJ, Darlow S.
Thyroid Carcinoma, Version 2.2022, NCCN Clinical Practice Guidelines in
Oncology. J Natl Compr Canc Netw. 2022 Aug;20(8):925-951. doi:
10.6004/jncen.2022.0040. PMID: 35948029.

K.-P. Wong, B. H.-H. Lang, The Role of Prophylactic Central Neck Dissection in
Differentiated Thyroid Carcinoma: Issues and Controversies, J. Oncol., vol. 2011,

p. 12,2011, doi: 10.1155/2011/127929.

Karakas, E., Klein, G., Schopf, S.,et al.: Transoral thyroid surgery vestibular
approach: does size matter anymore? J. Endocrinol. Invest., 2020; 43(6) 615-622.
doi: 10.1007/s40618-019-01149-9. Epub 2020 Jan 28. PMID: 31989449.

Kitahara CM,Schneider AB.Epidemiology of thyroid cancer. Cancer Epidemiol
Biomarkers Prev. (2022) 31:1284-1297. doi: 10.1158/1055-9965.EPI-21-1440.
PMID: 35775227; PMCID: PMC9473679.

Kornepati AVR, Vadlamudi RK, Curiel TJ. Programmed death ligand 1 signals in
cancer cells. Nat Rev Cancer (2022) 22(3): 174-89. doi: 10.1038/s41568-021-

64



36.

37.

38.

39.

40.

41.

42.

00431-4. Epub 2022 Jan 14. Erratum in: Nat Rev Cancer. 2022 Jan 19;: PMID:
35031777; PMCID: PMC9989967.

Lee J, Lee JH, Nah KY, Soh EY, Chung WY. Comparison of Endoscopic and
Robotic Thyroidectomy. Ann. Surg. Oncol., 2011; 18(5), 1439-1446. doi:
10.1245/s10434-010-1486-1. Epub 2010 Dec 24. PMID: 21184192.

Levy O, Dai G, Riedel C, Ginter CS, Paul EM, Lebowitz AN, Carrasco N.
Characterization of the thyroid Nat/I- symporter with an anti-COOH terminus
antibody. Proc Natl Acad Sci U S A (1997) 94(11): 5568-73. doi:
10.1073/pnas.94.11.5568. PMID: 9159113; PMCID: PMC20819.

Levy O, De la Vieja A, Ginter CS, Riedel C, Dai G, Carrasco N. N-linked
glycosylation of the thyroid Na+/I- symporter (NIS). Implications for its secondary
structure model. J Biol Chem.1998;273(35):22657—63. doi:
10.1074/jbc.273.35.22657. PMID: 9712895.

LiuJ, LiuY, Lin Y, Liang J. Radioactive lodine-Refractory Differentiated Thyroid
Cancer and Redifferentiation Therapy. Endocrinol Metab (Seoul). 2019
Sep;34(3):215-225. doi: 10.3803/EnM.2019.34.3.215. PMID: 31565873; PMCID:
PMC6769341.

Lubin D, Baraban E, Lisby A, Jalali-Farahani S, Zhang P, Livolsi V. Papillary
Thyroid Carcinoma Emerging from Hashimoto Thyroiditis Demonstrates
Increased PD-L1 Expression, Which Persists with Metastasis. Endocr Pathol.
2018;29(4):317-23. doi: 10.1007/512022-018-9540-9. PMID: 30121940.

Luo J, H, Xiang C, Wang P. The Learning Curve for Transoral Endoscopic
Thyroid Surgery: A Single Surgeon’s 204 Case Experience. J. Laparoendosc. Adv.
Surg. Tech., 2020, 30(2), 163—-169. doi: 10.1089/1ap.2019.0560. Epub 2019 Oct
24. PMID: 31647352.

Mao J, Zhang Q, Zhang H, Zheng K et al. Risk Factors for Lymph Node
Metastasis in Papillary Thyroid Carcinoma: A Systematic Review and Meta-
Analysis. Front Endocrinol (Lausanne). 2020 May 15;11:265. doi:
10.3389/fendo.2020.00265. PMID: 32477264; PMCID: PMC7242632.

65



43.

44,

45.

46.

47.

48.

49.

Martin M, Modenutti CP, Peyret V, Geysels RC, Darrouzet E, Pourcher T, Masini-
Repiso AM, Marti MA, Carrasco N, Nicola JP. A Carboxy-Terminal
Monoleucine-Based Motif Participates in the Basolateral Targeting of the Na+/I-
Symporter. Endocrinology. 2019 Jan 1;160(1):156-168. doi: 10.1210/en.2018-
00603. PMID: 30496374; PMCID: PMC6936561.

Martin M, Salleron L, Peyret V, Geysels RC, Darrouzet E, Lindenthal S, Bernal
Barquero CE, Masini-Repiso AM, Pourcher T, Nicola JP. The PDZ protein SCRIB
regulates sodium/iodide symporter (NIS) expression at the basolateral plasma
membrane. FASEB J. 2021 Aug;35(8):¢21681. doi: 10.1096/1.202100303R.
PMID: 34196428.

Mayson SE, Chan CM, Haugen BR. Tailoring the approach to radioactive iodine
treatment in thyroid cancer. Endocr Relat Cancer. 2021 Sep 3;28(10):T125-40.

Miccoli P, Bakkar S. Surgical management of papillary thyroid carcinoma: an
overview. Updates Surg.2017 Jun;69(2):145-150. doi: 10.1007/s13304-017-0449-
5. Epub 2017 Apr 12. PMID: 28405952.

Miccoli P, Berti P, Conte M, Bendinelli C, Marcocci C. Minimally invasive
surgery for thyroid small nodules: preliminary report. J Endocrinol Invest. 1999

Dec;22(11):849-51. doi: 10.1007/BF03343657. PMID: 10710272.

Molteni G, Bonali M, Mattioli F, Ghirelli M, Fermi M, Ferri G, Andrea M, Presutti
L. Central compartment revision surgery for persistent or recurrent thyroid
carcinoma: analysis of survival and complication rate. Eur Arch Otorhinolaryngol.
2019 Feb;276(2):551-557. doi: 10.1007/s00405-018-5239-2. Epub 2018 Dec 10.
PMID: 30535975.

Nicola JP, Basquin C, Portulano C, Reyna-Neyra A, Paroder M, Carrasco N. The
Na+/I- symporter mediates active iodide uptake in the intestine. Am J Physiol Cell
Physiol. 2009 Apr;296(4):C654-62. doi: 10.1152/ajpcell.00509.2008. Epub 2008
Dec 3. PMID: 19052257; PMCID: PMC2670652.

66



50.

51.

52.

53.

54.

55.

56.

Nicola JP, Carrasco N, Masini-Repiso AM. Dietary I(-) absorption: expression and
regulation of the Na(+)/I(-) symporter in the intestine. Vitam Horm. 2015;98:1-31.
doi: 10.1016/bs.vh.2014.12.002. Epub 2015 Feb 27. PMID: 25817864.

Nicola JP, Reyna-Neyra A, Carrasco N, Masini-Repiso AM. Dietary iodide
controls its own absorption through post-transcriptional regulation of the intestinal
Na+/I- symporter. J Physiol. 2012;590(23):6013-26. doi:
10.1113/jphysiol.2012.241307. Epub 2012 Sep 24. PMID: 23006481; PMCID:
PMC3530113.

O’Connell DA, Diamond C, Seikaly H, Harris JR. Objective and Subjective Scar
Aesthetics in Minimal Access vs Conventional Access Parathyroidectomy and
Thyroidectomy Surgical Procedures. Arch. Otolaryngol. Neck Surg., 2008, 134(1),
85-93. doi: 10.1001/archotol.134.1.85. PMID: 18209143.

Ohgami M, Ishii S, Arisawa Y, Ohmori T, Noga K, Furukawa T, Kitajima M.
Scarless endoscopic thyroidectomy: breast approach for better cosmesis. Surg

Laparosc Endosc Percutan Tech. 2000 Feb;10(1):1-4. PMID: 10872517.

Onuma AE, Beal EW, Nabhan F, Hughes T, Farrar WB, Phay J, Ringel MD,
Kloos RT, Shirley LA. Long-Term Efficacy of Lymph Node Reoperation for
Persistent Papillary Thyroid Cancer: 13-Year Follow-Up. Ann Surg Oncol. 2019
Jun;26(6):1737-1743. doi: 10.1245/510434-019-07263-5. Epub 2019 Feb 28.

PMID: 30820785; PMCID: PMC6511284.

Orlov S, Salari F, Kashat L, Freeman JL, Vescan A, Witterick 1J, Walfish PG.
Post-operative stimulated thyroglobulin and neck ultrasound as personalized
criteria for risk stratification and radioactive iodine selection in low- and
intermediate-risk papillary thyroid cancer. Endocrine. 2015 Sep;50(1):130-7. doi:
10.1007/s12020-015-0575-0. Epub 2015 Mar 20. PMID: 25792004.

Paroder-Belenitsky M, Maestas MJ, Dohan O, Nicola JP, Reyna-Neyra A, Follenzi
A, Dadachova E, Eskandari S, Amzel LM, Carrasco N. Mechanism of anion

selectivity and stoichiometry of the Na+/I- symporter (NIS). Proc Natl Acad Sci U

67



57.

58.

59.

60.

61.

62.

S A.2011 Nov 1;108(44):17933-8. doi: 10.1073/pnas.1108278108. Epub 2011 Oct
19. PMID: 22011571; PMCID: PMC3207644.

Pelizzo MR, Mazza EI, Mian C, Merante Boschin I. Medullary thyroid carcinoma.
Expert  Rev Anticancer  Ther. (2023)Jul-Dec;23(9):943-957. doi:
10.1080/14737140.2023.2247566. Epub 2023 Aug 30. PMID: 37646181.

Polgar Cs, Olah A, Bedros JR, Kovacs P, Torok O,Borbély K, Lujber L, Godény
M, Kiss A, Dohan O, Nagy E, Uhlyarik A, Lévay B, Zambo O, GyoOry F, Tamas L,
Polony G, Pogany P, Schmidt E, Toldy E, Bhattoa HP, Hitre E, Molnar K, Gellén
B, Takacsi-Nagy Z, Szilagyi I, Altorjay A, Mezési E, Pavics L, Lakatos P, Lacsan
K, Patécs A, Helfferich F, Lérant G, Toth E, Sapi Z, Tornoczki T, Borka K,
Molnar Cs. Az Emberi Er6forrasok Minisztériuma egészségiligyi szakmai irdnyelve

a differencialt pajzsmirigyrak diagnosztikaja €s kezelése
Egészségiigyi kozlony 71 : 24 pp. 2643-2716., 74 p. (2021)

Portulano C, Paroder-Belenitsky M, Carrasco N. The Na+/I- symporter (NIS):
mechanism and medical impact. Endocr Rev. 2014 Feb;35(1):106—49. doi:
10.1210/er.2012-1036. Epub 2013 Dec 4. PMID: 24311738; PMCID:
PMC3895864.

Randolph GW, Duh QY, Heller KS et al. American Thyroid Association Surgical
Affairs Committee’s Taskforce on Thyroid Cancer Nodal Surgery. The prognostic
significance of nodal metastases from papillary thyroid carcinoma can be stratified
based on the size and number of metastatic lymph nodes, as well as the presence of
extranodal extension. Thyroid. 2012 Nov;22(11):1144-52. doi:
10.1089/thy.2012.0043. Epub 2012 Oct 19. PMID: 23083442.

Ravera S, Reyna-Neyra A, Ferrandino G, Amzel LM, Carrasco N. The
sodium/iodide symporter (NIS): molecular physiology and preclinical and clinical
applications. Annu Rev Physiol. 2017 Feb 10;79:261-89. doi: 10.1146/annurev-
physiol-022516-034125. PMID: 28192058; PMCID: PMC5739519.

Resende de Paiva C, Grenhgj C, Feldt-Rasmussen U et al. Association between

Hashimoto's Thyroiditis and Thyroid Cancer in 64,628 Patients. Front Oncol. 2017

68



63.

64.

65.

66.

67.

68.

69.

Apr 10;7:53. doi: 10.3389/fonc.2017.00053. PMID: 28443243; PMCID:
PMC5385456.

Robbins KT, Clayman G, Levine PA et al. Neck Dissection Classification
UpdateRevisions. Arch Otolaryngol Head Neck Surg.2002;128(7):751-758.
doi:10.1001/archotol.128.7.751

Russ G, Bonnema SJ, Faik Erdogan M, et al. European Thyroid Association
Guidelines for Ultrasound Malignancy Risk Stratification of Thyroid Nodules in
Adults: The EU-TIRADS Keywords Ultrasound - Thyroid nodule - Risk of
malignancy - Fine needle aspiration - TIRADS - Guidelines Background and
Objec, Eur Thyroid J, vol. 6, pp. 225-237, 2017, doi: 10.1159/000478927.

Seidlin SM. MarinelliLD, Oshrey E. Radioactive iodine therapy: effect on
functioning metastases of adenocarcinoma of the thyroid. ] Am Med Assoc. 1946

Dec 7;132(14):838. doi: 10.1001/jama.1946.02870490016004. PMID: 20274882.

Shimazu K, Shiba E, Tamaki Y, Takiguchi S, Taniguchi E, Ohashi S, Noguchi S.
Endoscopic thyroid surgery through the axillo-bilateral-breast approach. Surg
Laparosc Endosc Percutan Tech. 2003 Jun;13(3):196-201. doi: 10.1097/00129689-

200306000-00011. PMID: 12819505.

Soyer Giildogan E, Ergun O, Taskin Tiirkmenoglu T, Yilmaz KB, Akdag T, Ozbal
Giines S, Durmaz HA, Hekimoglu B. The impact of TI-RADS in detecting thyroid
malignancies: a prospective study. Radiol Med. 2021 Oct;126(10):1335-1344. doi:
10.1007/s11547-021-01386-0. Epub 2021 Jun 26. PMID: 34176050.

Spitzweg C, Nelson PJ, Wagner E, Bartenstein P, Weber WA, Schwaiger M,
Morris JC. The sodium iodide symporter (NIS): novel applications for
radionuclide imaging and treatment. Endocr Relat Cancer. 2021 Sep

3;28(10):T193-T213. doi: 10.1530/ERC-21-0177. PMID: 34259647.

Tazebay UH, Wapnir IL, Levy O, Dohan O, Zuckier LS, Zhao QH, Deng HF,
Amenta PS, Fineberg S, Pestell RG, Carrasco N. The mammary gland iodide
transporter is expressed during lactation and in breast cancer. Nat Med. 2000

Aug;6(8):871-8. doi: 10.1038/78630. PMID: 10932223.

69



70.

71.

72.

73.

74.

75.

76.

Triantafillou E, Papadakis G, Kanouta F, Kalaitzidou S, Drosou A, Sapera A,
Tampouratzi D, Kotis M, Kyrimis T, Dracopoulou A, Veniou E, Karavasili C,
Kaltzidou V, Plyta S, Tertipi A. Thyroid ultrasonographic charasteristics and
Bethesda results after FNAB. J BUON. 2018 Dec;23(7):139-143. PMID:
30722123.

Wan B, Deng P, Dai W, Wang P, Dong Z, Yang C, Tian J, Hu T, Yan K.
Association between programmed cell death ligand 1 expression and thyroid
cancer: A meta-analysis. Medicine (Baltimore). 2021 Apr 9;100(14):e25315. doi:
10.1097/MD.0000000000025315. PMID: 33832105; PMCID: PMC8036129.

Wapnir IL, van de Rijn M, Nowels K, Amenta PS, Walton K, Montgomery K,
Greco RS, Dohan O, Carrasco N. Immunohistochemical profile of the
sodium/iodide symporter in thyroid, breast, and other carcinomas using high

density tissue microarrays and conventional sections. J Clin Endocrinol Metab.

2003 Apr;88(4):1880-8. doi: 10.1210/jc.2002-021544. PMID: 12679487.

Weitzman SP, Sherman SI. Novel Drug Treatments of Progressive Radioiodine-
Refractory Differentiated Thyroid Cancer. Endocrinol Metab Clin North Am
(2019) 48(1): 253-68. doi: 10.1016/j.ecl.2018.10.009. Epub 2018 Dec 11. PMID:
30717907.

Wilhelm, T.: Trans-oral Endoscopic Thyroidectomy. In: Minimally Invasive
Thyroidectomy. Ed: Linos, D. Chung, W. Y. Springer Berlin, Heidelberg, 2012,
199-220.

Won HR, Chang JW, Kang YE, Kang JY et al. Optimal extent of lateral neck
dissection for well-differentiated thyroid carcinoma with metastatic lateral neck
lymph nodes: A systematic review and meta-analysis. Oral Oncol. 2018
Dec;87:117-125. doi: 10.1016/j.oraloncology.2018.10.035. Epub 2018 Nov 1.
PMID: 30527226.

Yu Q, Zhang X, Li L, Zhang C, Huang J, Huang W. Molecular basis and targeted
therapies for radioiodine refractory thyroid cancer. Asia Pac J Clin Oncol (2023)
19(3): 279-89. doi: 10.1111/ajco.13836. Epub 2022 Aug 10. PMID: 35950297.

70



9.Bibliography

1. Lévay B, Lantos A, Sinkovics I, Slezak A, Toth E, Dohéan O. The master
role of polarized NIS expression in regulating iodine metabolism in the human body.

Arch Endocrinol Metab. 2023 Mar 10;67(2):256-261. doi: 10.20945/2359-

3997000000583. PMID: 36913678; PMCID: PMC10689030.
IF 2,03
2. Lévay B, Toth E, Péter I, Kiss A, Frohlich G, Dohan O, Boér A, Oberna

F. Nyaki attétet add papillaris pajzsmirigyrak sebészi kezelésének eredményei — 5
éves anyagunk feldolgozasa [Results of surgical treatment of papillary thyroid cancer
with lymph node metastasis - review of our data in a 5-year period]. Orv Hetil. 2024
Jan 21;165(3):83-88. Hungarian. doi: 10.1556/650.2024.32960. PMID: 38245878.
IF 0,6

3. Lévay B, Oberna F. Heg nélkiili pajzsmirigymitét - a TOETVA mint 0j
eljaras a hazai pajzsmirigysebészetben [Thyroid surgery without scars — TOETVA as
a new surgical procedure of the thyroid]. Orv Hetil. 2020 Oct 11;161(41):1764-1768.

Hungarian. doi: 10.1556/650.2020.31850. PMID: 33040046. IF 0,5
4, Polgar Cs, Oldh A, Bedros J. R et al .Lévay B. Az Emberi Erdéforrasok

Minisztériuma  egészségiigyi szakmai iranyelv a differencialt pajzsmirigyak

diagnosztikdja és kezelése. Egészségiigyi kozlony. 71: 24pp.2643-2716. 2021

Bibliography of non-thesis related articles

1. Lévay B, Kiss A, Oberna F, Slezdk A, Toéth E. A pajzsmirigy primer
laphamcarcinoméja [Primary squamous cell carcinoma of the thyroid gland]. Orv
Hetil. 2023 Oct 1;164(39):1556-1559. Hungarian. doi: 10.1556/650.2023.32858.

PMID: 37778012. IF

0,6

2. Thyroid Gland Paraganglioma-report of a case and review of literature

71



Nhung A N, I Peter, B, Lévay, J Andi, Cs Polgar, Z Takacsi-Nagy Z.

Int J Clin Exp Med 2017,10(12),16703-16708 IF
1,21
3. Szalai M, Lévay B, Szirmai A, Papp I, Prémusz V, Bodis I:
Clinical Study to Assess the Efficacy of Belly Dancing As a Tool for
4. Rehabilitation  in Female  Patients  with = Malignancies
European Journal of Oncology Nursing XXX (2014) 1-6 IF 1,697

5. Agocs L, Lévay B, Kocsis A, Szabd Gy, Gamal E M, Rojké L, Sandor J,
Wéber Gy:
The treatment of Aspergillus empyema using open thoraco-myoplasty with the
preservation of the lung function
Magyar Sebészet 2013;66(5):274-276.

6. Szabo Gy, Gamal E M, Sandor J, Ferencz A, Lévay B, Csukas D, Danké

T, Wéber Gy:
The mechanism of adhesion formation and the possibilities of modeling - A
preliminary study
Magyar Sebészet 2013;66(5):263-269.

7. Szijartd A, Lévay B, Kupcsulik P:
Unusual consequences of "incomplete" laparoscopic  cholecystectomy
European Journal of Gastroenerology and Hepatology 2013 IF 2,198

8. Agobcs L, Lévay B, Boér A, Elek J:

Pedicled supraclavicular osteocutan island flap for tracheostoma closure

Magyar Sebészet 2012;65(6):426-429.

9. Kocsis A, Agocs L, Kostic S, Torok K, Molnar M, Lévay B, Téth F,
Vadasz P, Rényi-Vamos F:
Unique surgical procedure for young male patient in Grade II. Chondrosacroma

after resection of the manubrium

Magyar Sebészet 2012;65(6):430-432.

72



10. Kocsis A, Agocs L, Kostic S, Lévay B, Torok K, Rényi-Vamos F:
Bilateral thoracoscopic sympathectomy in treatment of palmar and axillary

hyperhidrosis - a summary of 22 cases. A role for one day surgery in thoracic

surgery?
Magyar Sebészet 2012;65(5):380-382.
11. Vajda A, Lévay B:

Pilomatrix carcinoma with a lymph node metastasis - first Hungarian publication of
a rare case
LAM (Lege Artis Medicinae) 2012;22(1):41-44.

12. Kocsis A, Markoczy Z, Agocs L, Molnar M, Fillinger J, Lévay B,
Vadasz P:
Pleuropulmonary involvement of Pseudomyxoma Peritonei - A case report and
review
Magyar Sebészet, 2012;65(1):24-26.

13. Agocs L, Kocsis A, Taméis R., Lévay B, Cseked A:
Successful chest-wall reconstruction after resection of a chondrosarcoma using
muscle-flap and PTFE mesh-repair
LAM (Lege Artis Medicinae) 2010;20(5):328-330.

14. Loderer Z, Kovacs I, Bognar G, Bulyovszky I, Gydri S, Kovacs Gy,
Lévay B, Tamas R:

Reconstruction  of  soft  tissue defect in  the  gluteal region

Traumatologia, Ortopédia, Kézsebészet, Plasztikai sebészet
2009

15. Ondrejka: Emergency in Surgery 2008
Translator: Lévay Bernadett

16. Vajda A, Tamas R, Lévay B:
Sister Mary Joseph nodule

LAM (Lege Artis Medicina) - 2009;19(1):66.
17. Vajda A, Lévay B, Tamas R, Bal6-Banga IM:

Sister Mary Joseph's Nodule
JDDG Suppl.2. 2007. (Band 5.)

73



18. Tamas R, Lévay B, Szeleczky M, Gamal M:
Surgical procedure of huge, ptotic gynecomastia
LAM (Lege Artis Medicina) 2008;18(4):321.

19. Lévay B, Szeleczky M, Tamas R, Gamal M:
Epithelial  cyst of  the spleen  combined  with  haemangioma
LAM (Lege Artis Medicinz) 2006;16(10):860-862.

20. Vereczkey A, Kabdebo O, Szeberényi Zs, Fiilop I, Csepegd Gy, Nagy
Gy, Szeleczky M, Lévay B:

Lasers in the surgical management of endometriosis

Review in Gynaecological Practice 5. (2005) 23-31.

All publications, lectures, posters

Lévay, Bernadett; Té6th, Erika ; Péter, Ilona ; Kiss, Alexandra ; Frohlich,
Georgina ; Dohan, Orsolya ; Boér, Andras ; Oberna, Ferenc

Nyaki attétet ado papillaris pajzsmirigyrak sebészi kezelésének eredményei - 5 éves
anyagunk feldolgozésa

ORVOSI HETILAP 165 : 3 pp. 83-88., 6 p. (2024)

Osszefoglalé cikk (Folyéiratcikk) | Tudoméanyos[34517822] [Admin lattamozott]

Lévay, Bernadett; Lantos, Andras ; Sinkovics, Istvan ; Slezdk, Andrés ; Toth,
Erika ; Dohan, Orsolya

The master role of polarized NIS expression in regulating iodine metabolism in the
human body

ARCHIVES OF ENDOCRINOLOGY AND METABOLISM 67 : 2 pp. 256-261. , 6
p. (2023)

Szakcikk (Folyoiratcikk) | Tudomanyos[33703576] [Egyeztetett]

Polgar, Csaba ; Oléh, Attila ; Bedros, J. Robert ; Kovacs, Péter ; Torok, Olga ; Borbély,
Katalin ; Lujber, Laszl6 ; GOdény, Maria ; Kiss, Andras ; Dohan, Orsolya ; Nagy, Endre
; Uhlyarik, Andrea ; Lévay, Bernadett ; Zambo, Orsolya ; Gyéry, Ferenc ; Tamas,
Laszl6 ; Polony, Gébor ; Pogany, Péter ; Schmidt, Erzsébet ; Toldy, Erzsébet ; Bhattoa,
Harjit Pal ; Hitre, Erika ; Molnar, Krisztian ; Gellén, Balazs ; Takécsi-Nagy, Zoltan

74



; Szilagyi, Istvan ; Altorjay, Aron ; Mezési, Emese ; Lakatos, Péter ; Lacsan, Katalin
Anna ; Patocs, Attila ; Pavics, Laszlo ; Helfferich, Frigyes ; Lérant, Gergely ; Toth,
Erika ; Sapi, Zoltan ; Torndczki, Tamas ; Borka, Katalin ; Molnar, Csaba

Az Emberi Erdéforrasok Minisztériuma egészségligyi szakmai iranyelve a differencialt
pajzsmirigyrak diagnosztikaja és kezelése

EGESZSEGUGYI KOZLONY 71 : 24 pp. 2643-2716. , 74 p. (2021)

Jelentés (Folyoiratcikk) | Tudomanyos[32607146] [Admin lattamozott]

Lévay, Bernadett ; Oberna, Ferenc

Heg nélkiili pajzsmirigymttét: a TOETVA mint 0j eljards a hazai
pajzsmirigysebészetben

ORVOSI HETILAP 161 : 41 pp. 1764-1768. , 5 p. (2020)

Szakcikk (Folyoiratcikk) | Tudomanyos[31623063] [Admin lattamozott]

Bernadett ; Savolt, Akos ; Oberna, Ferenc ; Mersich, Tamas

Hasfalat infiltralé6 coecum tumor eltavolitasa komplett mesocolicus excisioval, hasfali
resectioval és musculus tensor fasciae latae musculocutan lebenyes rekonstrukcioval
MAGYAR SEBESZET 76 : 4 pp. 116-122., 7 p. (2023)

Szakcikk (Folyoiratcikk) | Tudomanyos[34498601] [Nyilvanos]

Lévay, Bernadett ; Révész, Monika ; Oberna, Ferenc

Heg nélkiili pajzsmirigymiitét —- TOETVA

MAGYAR ONKOLOGIA 67 : 1. szuppl. pp. 41-41. , 1 p. (2023)
Absztrakt / Kivonat (Folyo6iratcikk) | Tudoméanyos[34343416] [Nyilvanos]

Lévay, Bernadett ; Kiss, Alexandra ; Oberna, Ferenc ; Slezak, Andras ; Toth, Erika
A pajzsmirigy primer laphamcarcinomaja : Egy ritka eset ismertetése

ORVOSI HETILAP 164 : 39 pp. 1556-1559. , 4 p. (2023)

Szakcikk (Folyoiratcikk) | Tudomanyos[34169626] [Nyilvanos]

Levay, Bernadett ; Oberna, Ferenc
Toetva- scarless thyroid surgery in hungary

ENDOCRINE ABSTRACTS PS2-10-87 pp. 84-84., 1 p. (2022)

75



Absztrakt / Kivonat (Folyéiratcikk) | Tudomanyos[33138985] [Admin lattamozott]

Lévay, Bernadett ; Révész, Monika ; Oberna, Ferenc

TOETVA — heg nélkiili pajzsmirigymiitét

MAGYAR ONKOLOGIA 65 : 5 pp. 39-39., 1 p. (2021)

Absztrakt / Kivonat (Folyéiratcikk) | Tudomanyos[32546621] [Admin lattamozott]

Lévay, B ; Révész, M ; Oberna, F

Heg nélkiili pajzsmirigymiitét - TOETVA

FUL-ORR-GEGEGYOGYASZAT 67 : 3 pp. 117-117., 1 p. (2021)

Absztrakt / Kivonat (Folyoiratcikk) | Tudoméanyos[32187981] [Admin lattamozott]

Kiss, A ; Zelenai, F ; Lévay, B ; Oberna, F

Regionalis  anesztézidaval végzett pajzsmirigy mitétekkel szerzett kezdeti
tapasztalataink intézetiinkben

FUL-ORR-GEGEGYOGYASZAT 67 : 3 pp. 115-115., 1 p. (2021)

Absztrakt / Kivonat (Folyéiratcikk) | Tudomanyos[32187976] [Admin lattamozott]

Lévay, Bernadett ; Boér, Andras ; Oberna, Ferenc

marcius 7-8.

MAGYAR SEBESZET 72 : 2 pp. 77-78., 2 p. (2019)

Konferenciakdzlemény (Folyoiratcikk) | Tudomanyos[31164735] [Admin lattamozott]

Nguyen, Nhung Annhong ® ; Peter, Ilona ; Levay, Bernadett ; Andi, Judit ; Polgar,
Csaba ; Takacsi-Nagy, Zoltan

Thyroid gland paraganglioma: report of a case and review of the literature
INTERNATIONAL JOURNAL OF CLINICAL AND EXPERIMENTAL
MEDICINE 10 : 12 pp. 16703-16708. , 6 p. (2017)

Rovid kozlemény (Folyoiratcikk) | Tudoményos[3337533] [Egyeztetett]

Nyilvéanos idéz6 0sszesen: 1, Fiiggetlen: 1, Fliggd: 0, Nem jelolt: 0

Levay, B ; Boer, A ; Kocsis, A ; Agocs, L

76



A nagyméretli retrosternalis strumdk miitéti megoldasa - fej-nyak sebész és
mellkassebész sikeres egyiittmiikodése

MAGYAR SEBESZET 68 : 4 pp. 173-175., 3 p. (2015)

Szakcikk (Folyoiratcikk) | Tudomanyos[3110368] [Nyilvanos]

Szalai, Marta ; Levay, Bemadett ; Szirmai, Anna ; Papp, Istvan; Premusz, Viktoria

X ; Bodis, Jozsef

A Clinical Study to Assess the Efficacy of Belly Dancing As a Tool for Rehabilitation
in Female Patients with Malignancies.

EUROPEAN JOURNAL OF ONCOLOGY NURSING 19 : 1 pp. 60-65., 6 p. (2015)
Szakcikk (Folyoiratcikk) | Tudomanyos[2716988] [Egyeztetett]

Nyilvanos idéz6 6sszesen: 25, Fiiggetlen: 23, Fiiggd: 2, Nem jelolt: 0

Lévay, B ; Boér, A ; Kocsis, A Agocs, L

A nagyméretli, retrosternalis strumdk miitéti megolddsa - fej-nyaksebész és
mellkassebész sikeres egyiittmiikodése

MAGYAR SEBESZET 67 : 3 pp. 182-182., 1 p. (2014)

Absztrakt / Kivonat (Folyo6iratcikk) | Tudoméanyos[32153143] [Nyilvanos]

Szijarto, A ; Levay, B ; Kupcsulik, P

Unusual consequences of 'incomplete' laparoscopic cholecystectomy

EUROPEAN JOURNAL OF GASTROENTEROLOGY AND
HEPATOLOGY 26 : 3 pp. 357-360. , 4 p. (2014)

Szakcikk (Folyoiratcikk) | Tudomanyos[2449292] [Hitelesitett]

Nyilvéanos idéz6 0sszesen: 5, Fiiggetlen: 5, Fliggd: 0, Nem jelolt: 0

Levay, B ; Szabo, G ; Szijarto, A ; Gamal, EM

Epekovekben 1évé baktériumok eléfordulasanak gyakorisaga [The frequency of
bacteria in human gallstones]

MAGYAR SEBESZET 66 : 6 pp. 353-356. , 4 p. (2013)

Szakcikk (Folyoiratcikk) | Tudomanyos[2482111] [Hitelesitett]

Nyilvanos idéz6 6sszesen: 2, Fiiggetlen: 2, Fiigg6: 0, Nem jelolt: O

77



Agobces, Laszlo ; Lévay, Bernadett ; Kocsis, Akos ; Szabo, Gyorgyi ; Gamal, FEldin
Mohamed ; Rojko6, Livia ; Sdndor, Jozsef ; Wéber, Gyorgy

Aspergillus empyema kezelése nyitott thoracostomiaval és izomplasztikdval, a tiidé
funkcidjanak megdrzésével — esetismertetés

MAGYAR SEBESZET 66 : 5 pp. 274-276. , 3 p. (2013)

Rovid kozlemény (Folyoiratcikk) | Tudoményos[2475534] [Egyeztetett]

Szab6, Gyorgyi & ;Gamal, Eldin Mohamed ; Sandor, Jozsef ; Ferencz,
Andrea ; Lévay, Bernadett ; Csukas, Domokos ; Danko6, Titanilla ; Wéber, Gyorgy

Az adhaesioképzddés mechanizmusa és modellezésének lehetdségei — Eldkisérleti
modellek

MAGYAR SEBESZET 66 : 5 pp. 263-269. , 7 p. (2013)

Szakcikk (Folyoiratcikk) | Tudomanyos[2460478] [Egyeztetett]

Nyilvanos idéz6 6sszesen: 2, Fiiggetlen: 0, Fiigg6: 2, Nem jelolt: 0

Vajda, Adrienne ; Lévay, Bernadett

Pilomatrixcarcinoma nyirokcsomoattéttel : egy ritka eset els hazai leirasa
LEGE ARTIS MEDICINAE 22 : 1 pp. 41-44. , 4 p. (2012)

Szakcikk (Folyoiratcikk) | Tudomanyos[32107631] [Nyilvanos]

Agocs, Laszlo ; Lévay, Bernadett ; Boér, Andras ; Elek, Jend

Nyelezett supraclavicularis osteocutan szigetlebeny alkalmazéasa tracheostoma zaraséara
MAGYAR SEBESZET 65 : 4 pp. 236-237., 2 p. (2012)

Absztrakt / Kivonat (Folyo6iratcikk) | Tudoméanyos[31293720] [Nyilvanos]

Agocs, Laszlo ; Lévay, Bernadett ; Boér, Andras ; Elek, Jend

Nyelezett supraclavicularis osteocutan szigetlebeny alkalmazéasa tracheostoma zaraséara
MAGYAR SEBESZET 65 : 6 pp. 426-429. , 4 p. (2012)

Szakcikk (Folyoiratcikk) | Tudomanyos[3110383] [Nyilvéanos]

Nyilvéanos idéz6 0sszesen: 1, Fiiggetlen: 1, Fliggd: 0, Nem jelolt: 0

Kocsis, A ; Markéczy, Z ; Agocs, L ; Molnar, M ; Fillinger, J ; Lévay, B ; Vadasz, P

78



Pseudomyxoma peritonei et pleurae -- egy ritka betegségrdl kezelt esetiink kapcsan
MAGYAR SEBESZET 65 : 1 pp. 24-26., 3 p. (2012)
Szakcikk (Folyoiratcikk) | Tudomanyos[2393099] [Nyilvéanos]

Nyilvéanos idéz6 0sszesen: 2, Fiiggetlen: 2, Fliggd: 0, Nem jelolt: 0

Kocsis, A ; Agocs, L ; Kostic, S ; Torok, K ; Molnar, M ; Levay, B ; Toth, F ; Vadasz,
P ; Renyi-Vamos, F

Egyedi miutéti megoldas fiatal férfi betegen manubriumresectio utdn Grade II
chondrosarcoméban

MAGYAR SEBESZET 65 : 6 pp. 430-432., 3 p. (2012)

Rovid kozlemény (Folyoiratcikk) | Tudomanyos[2161400] [Nyilvanos]

Kocsis, A ; Agocs, L ; Kostic, S ; Levay, B ; Torok, K ; Renyi-Vamos, F

Bilateralis endoscopos thoracalis sympathectomia (ETS) palmaris ¢és axillaris
hyperhydrosis esetén - 22 eset Osszefoglalasa. Egynapos sebészeti lehetOség a
mellkassebészetben?

MAGYAR SEBESZET 65 : 5 pp. 380-382. , 3 p. (2012)

Rovid kézlemény (Folyéiratcikk) | Tudomanyos[2161398] [Nyilvanos]

Nyilvéanos idéz6 0sszesen: 3, Fiiggetlen: 3, Fliggd: 0, Nem jelolt: 0

Agocs, L ; Lévay, B ; Fehér, C ; Vadasz, P

Primer suppurativ costochondritisrol--egy sikeresen kezelt esetlink kapcsan
MAGYAR SEBESZET 64 : 2 pp. 94-96., 3 p. (2011)

Szakcikk (Folyoiratcikk) | Tudomanyos[2393101] [Nyilvéanos]

Lévay, B ; Schneider, F ; Szabd, Gy ; Sasvary, M ; Nyakas, Cs ; Flautner, L ; Gamal, E.
M.

Epeko okozta szovodmények patkany hasiiregében

MAGYAR SEBESZET 63 : 4 pp. 189-189. , 1 p. (2010)

Absztrakt / Kivonat (Folyéiratcikk) | Tudomanyos[32171075] [Nyilvanos]

Lévay, B ; Agocs, L ; Heiler, Z ; Kocsis, A ; Cseked, A

79



Primer suppurativ costochondritis sebészi kezelésérél 4 sikeresen kezelt esetiink
kapcsan

MAGYAR SEBESZET 63 : 4 pp. 228-228. , 1 p. (2010)

Absztrakt / Kivonat (Folyo6iratcikk) | Tudoméanyos[32171008] [Nyilvanos]

Agbes, Laszlo ; Kocsis, Akos ; Tamas, Robert ; Lévay, Bernadett ; Csekd, Attila
Chondrosarcoma okozta mellkasfali defektus sikeres potlasa izomlebennyel és
politetrafluoretilén haloval

LEGE ARTIS MEDICINAE 20 : 5 pp. 328-330., 3 p. (2010)

Szakcikk (Folyoiratcikk) | Tudomanyos[32107773] [Nyilvanos]

Loderer, Zoltan ; Kovacs, Istvan; Bognar, Gabor ; Bulyovszky, Istvan ; Gyori,
Sandor ; Kovacs, Gyula ; Lévay, Bernadett ; Tamas, Robert

Tomportdji lagyrészhianyok potlasa

MAGYAR TRAUMATOLOGIA ORTOPEDIA KEZSEBESZET PLASZTIKAI
SEBESZET 53 : 3 pp. 237-240. , 4 p. (2010)

Szakcikk (Folyoiratcikk) | Tudomanyos[1762223] [Hitelesitett]

Lévay, B ; Furka, I ; Brath, E ; Takéacs, EI ; Schneider, F ; Mik¢, I. ; Gamal, E.M.
Hasiiregben hagyott epekdvek sorsdnak vizsgalata laparoscopos cholecystectomia utan
allatkisérletes modellen

MAGYAR SEBESZET 62 : 3 pp. 163-164. , 2 p. (2009)

Absztrakt / Kivonat (Folyoiratcikk) | Tudoméanyos[32185029] [Nyilvanos]

Agocs, L ; Heiler, Z ; Kocsis, A Lévay, B ; Csekeo, A

Primer suppurativ costochondritis sebészi kezelése

MAGYAR SEBESZET 62 : 3 pp. 163-163. , 1 p. (2009)

Absztrakt / Kivonat (Folyoiratcikk) | Tudoméanyos[32184999] [Nyilvanos]

Vajda, Adrienn ; Tamas, Robert ; Lévay, Bernadett

A gyomor pecsétgylirlisejtes daganatanak bérmetasztazisa
LEGE ARTIS MEDICINAE 19 : 1 p. 66 (2009)

Szakcikk (Folyoiratcikk) | Tudomanyos[32107795] [Nyilvanos]

80



Tamaés, Robert ; Lévay, Bernadett ; Szeleczky, Marton ; Gamal, Eldin Mohamed
Extrém nagysagu, ptoticus gynaecomastia miitéti megoldasa. Esetleiras képekben
LEGE ARTIS MEDICINAE 18 : 4 p. 321 (2008)

Szakcikk (Folyoiratcikk) | Tudomanyos[32107796] [Nyilvanos]

Vajda, A ; Lévay, B ; Tamas, R ; Balo-Banga, IM

Sister Mary Joseph’s Nodule

JOURNAL DER DEUTSCHEN DERMATOLOGISCHEN GESELLSCHAFT 5 : s2 p.
1G03/01 (2007)

Absztrakt / Kivonat (Folyoiratcikk) | Tudoméanyos[32115025] [Nyilvanos]

Lévay, B ; Szeleczky, M ; Makai, G ; Hidvégi, J ; Tamas, R ; Gamal, EM
Haemangiomaval sz6védott epithelialis [épcysta

LEGE ARTIS MEDICINAE 16 pp. 860-862. , 3 p. (2006)

Szakcikk (Folyoiratcikk) | Tudomanyos[1845167] [Nyilvéanos]

Vereczkey, A ;Kabdebo, O ;Szeberényi, ZS;Fiilop, I;Csepego, GY ;Nagy,
GY ; Szeleczky, M ; Levay, B ; Berkes, E

Lasers in the surgical management of endometriosis

REVIEWS IN GYNAECOLOGICAL PRACTICE 5 : 1 pp. 23-31., 9 p. (2005)
Szakcikk (Folyoiratcikk) | Tudomanyos[2558153] [Nyilvéanos]

Nyilvéanos idéz6 0sszesen: 2, Fiiggetlen: 2, Fliggd: 0, Nem jelolt: 0

Kocsis, A ; Agocs, L ; Kostic, S ; Levay, B ; Torok, K ; Renyi-Vamos, F

Bilateralis endoscopos thoracalis sympathectomia (ETS) palmaris ¢és axillaris
hyperhydrosis esetén - 22 eset Osszefoglalasa. Egynapos sebészeti lehetOség a
mellkassebészetben?

MAGYAR SEBESZET 65 : 5 pp. 380-382., 3 p. (2012)

Zarolt Kozlemény:2161398 Nyilvanos Forras Folyoiratcikk (Rovid kozlemény )
Tudomanyos

Nyilvéanos 1déz06 Osszesen: 3 | Fiiggetlen: 3 | Fiiggd: 0 | Nem jelolt: 0 | Scopus jelolt: 2 |
WoS/Scopus jelolt: 2 | DOI jeldlt: 3

81



Kocsis, A ; Agocs, L ; Kostic, S ; Torok, K ; Molnar, M ; Levay, B ; Toth, F ; Vadasz,
P ; Renyi-Vamos, F

Egyedi miutéti megoldas fiatal férfi betegen manubriumresectio utdn Grade II
chondrosarcoméban

MAGYAR SEBESZET 65 : 6 pp. 430-432., 3 p. (2012)

Zarolt Kozlemény:2161400 Nyilvanos Forrds Folyoiratcikk (Rovid kozlemény )

Tudomanyos

Agobces, Laszlo ; Lévay, Bernadett ; Kocsis, Akos ; Szabo, Gyorgyi ; Gamal, Eldin
Mohamed ; Rojkoé, Livia ; Sdndor, Jozsef ; Wéber, Gyorgy

Aspergillus empyema kezelése nyitott thoracostomiaval és izomplasztikaval, a tiido
funkcidjanak megdrzésével — esetismertetés

MAGYAR SEBESZET 66 : 5 pp. 274-276. , 3 p. (2013)

Ko6zlemény:2475534 Egyeztetett Forras Folyoiratcikk (Rovid kozlemény )

Tudomanyos

Nguyen, Nhung Annhong; Peter, [lona ; Levay, Bernadett ; Andi, Judit ; Polgar, Csaba
; Takacsi-Nagy, Zoltan

Thyroid gland paraganglioma: report of a case and review of the literature
INTERNATIONAL JOURNAL OF CLINICAL AND EXPERIMENTAL MEDICINE
10 : 12 pp. 16703-16708. , 6 p. (2017)

Kozlemény:3337533 Egyeztetett Forras Folyoiratcikk (Rovid kozlemény )
Tudomanyos

Nyilvéanos idéz6 Osszesen: 1 | Fliggetlen: 1 | Fiiggd: 0 | Nem jelolt: 0 | WoS jelolt: 1 |
Scopus jeldlt: 1 | WoS/Scopus jeldlt: 1 | DOI jelolt: 1

Lévay, Bernadett ; Boér, Andras ; Oberna, Ferenc

marcius 7-8.

MAGYAR SEBESZET 72 : 2 pp. 77-78., 2 p. (2019)

Ko6zlemény:31164735 Admin lattamozott Forrds Folyoiratcikk (Konferenciakozlemény

) Tudoményos

82



Polgar, Csaba ; Olah, Attila ; Bedros, J. Robert ; Kovacs, Péter ; Torok, Olga ; Borbély,
Katalin ; Lujber, Laszlo ; GoOdény, Maria ; Kiss, Andrds ; Dohan, Orsolya
(Kollaboracios kézremiikodo) et al.

Az Emberi Eréforrasok Minisztériuma egészségiligyi szakmai irdnyelve a differencialt
pajzsmirigyrak diagnosztikaja és kezelése

EGESZSEGUGYI KOZLONY 71 : 24 pp. 2643-2716. , 74 p. (2021)

Zarolt Kozlemény:32607146 Admin lattamozott Forras Folyoiratcikk (Jelentés )

Tudomanyos

Agocs, Laszlo ; Lévay, Bernadett ; Boér, Andras ; Elek, Jend

Nyelezett supraclavicularis osteocutan szigetlebeny alkalmazasa tracheostoma zarasara
MAGYAR SEBESZET 65 : 4 pp. 236-237., 2 p. (2012)

Ko6zlemény:31293720 Nyilvanos Forras Folyoiratcikk (Absztrakt / Kivonat )

Tudomanyos

Vajda, A ; Lévay, B ; Tamas, R ; Balo-Banga, IM

Sister Mary Joseph’s Nodule

JOURNAL DER DEUTSCHEN DERMATOLOGISCHEN GESELLSCHAFT 5 : s2 p.
1G03/01 (2007)

Kozlemény:32115025 Nyilvanos Forras Folyoiratcikk (Absztrakt / Kivonat )

Tudomanyos

Lévay, B ; Boér, A ; Kocsis, A Agocs, L

A nagyméretli, retrosternalis strumak miitéti megoldasa - fej-nyaksebész ¢és
mellkassebész sikeres egyiittmiikodése

MAGYAR SEBESZET 67 : 3 pp. 182-182., 1 p. (2014)

Ko6zlemény:32153143 Nyilvanos Forras Folyoiratcikk (Absztrakt / Kivonat )

Tudomanyos
Lévay, B ; Agocs, L ; Heiler, Z ; Kocsis, A ; Cseked, A

Primer suppurativ costochondritis sebészi kezelésérdl 4 sikeresen kezelt esetlink

kapcsan

83



MAGYAR SEBESZET 63 : 4 pp. 228-228. , 1 p. (2010)
Ko6zlemény:32171008 Nyilvanos Forras Folyoiratcikk (Absztrakt / Kivonat )

Tudomanyos

Lévay, B ; Schneider, F ; Szabo, Gy ; Sasvary, M ; Nyakas, Cs ; Flautner, L ; Gamal, E.
M.

Epeko okozta szovodmények patkany hasiiregében

MAGYAR SEBESZET 63 : 4 pp. 189-189. , 1 p. (2010)

Kozlemény:32171075 Nyilvanos Forras Folyoiratcikk (Absztrakt / Kivonat )

Tudomanyos

Agocs, L ; Heiler, Z ; Kocsis, A Lévay, B ; Csekeo, A

Primer suppurativ costochondritis sebészi kezelése

MAGYAR SEBESZET 62 : 3 pp. 163-163. , 1 p. (2009)

Ko6zlemény:32184999 Nyilvanos Forras Folyoiratcikk (Absztrakt / Kivonat )

Tudomanyos

Lévay, B ; Furka, I ; Brath, E ; Takdacs, EI ; Schneider, F ; Miko, 1. ; Gamal, E.M.
Hasiiregben hagyott epekdvek sorsdnak vizsgalata laparoscopos cholecystectomia utan
allatkisérletes modellen

MAGYAR SEBESZET 62 : 3 pp. 163-164. , 2 p. (2009)

Kozlemény:32185029 Nyilvanos Forras Folyoiratcikk (Absztrakt / Kivonat )

Tudomanyos

Kiss, A ; Zelenai, F ; Lévay, B ; Oberna, F

Regionalis  anesztézidaval végzett pajzsmirigy mitétekkel szerzett kezdeti
tapasztalataink intézetlinkben

FUL-ORR-GEGEGYOGYASZAT 67 : 3 pp. 115-115., 1 p. (2021)
Ko6zlemény:32187976 Admin lattamozott Forras Folyoiratcikk (Absztrakt / Kivonat )

Tudomanyos

Lévay, B ; Révész, M ; Oberna, F
Heg nélkiili pajzsmirigymiitét - TOETVA

84



FUL-ORR-GEGEGYOGYASZAT 67 : 3 pp. 117-117., 1 p. (2021)
Ko6zlemény:32187981 Admin lattamozott Forras Folydiratcikk (Absztrakt / Kivonat )

Tudomanyos

Lévay, Bernadett ; Révész, Monika ; Oberna, Ferenc

TOETVA — heg nélkiili pajzsmirigymiitét

MAGYAR ONKOLOGIA 65 : 5 pp. 39-39. , 1 p. (2021)

Ko6zlemény:32546621 Admin lattamozott Forras Folyoiratcikk (Absztrakt / Kivonat )

Tudomanyos

Levay, Bernadett ; Oberna, Ferenc

Toetva- scarless thyroid surgery in hungary

ENDOCRINE ABSTRACTS PS2-10-87 pp. 84-84., 1 p. (2022)

Ko6zlemény:33138985 Admin lattamozott Forras Folydiratcikk (Absztrakt / Kivonat )

Tudomanyos

Lévay, Bernadett ; Révész, Monika ; Oberna, Ferenc

Heg nélkiili pajzsmirigymiitét - TOETVA

MAGYAR ONKOLOGIA 67 : 1. szuppl. pp. 41-41. , 1 p. (2023)
Ko6zlemény:34343416 Nyilvanos Forras Folyoiratcikk (Absztrakt / Kivonat )

Tudomanyos

Lévay, Bernadett ; Révész, Monika ; Oberna, Ferenc

Heg nélkiili pajzsmirigymitét — TOETVA In: Orszagos Fiil-orr-gége Szakdolgozoéi
Vandorgytilés 2023 (2023) pp. 25-26., 2 p.

Kozlemény:33791573 Nyilvanos Forras Egyéb konferenciakdzlemény (Absztrakt /

Kivonat ) Tudoményos

Lévay, Bernadett

Rekonstrukcids lehetdségek a fej-nyak sebészeti helyredllité miitétekben In: Orszagos
Fiil-orr-gége Szakdolgozo6i Vandorgytilés 2023 (2023) pp. 27-28., 2 p.
Ko6zlemény:33793881 Nyilvanos Forras Egyéb konferenciakozlemény (Absztrakt /

Kivonat ) Tudomanyos

85



Kiss, AA ; Zelenai, F ; Lévay, B ; Oberna, F

Regionalis érzéstelenités a pajzsmirigy muiiveleteiben (2020)

Section of young Head and Neck surgeons, Budapest, 2020. 02.27-28., Megjelenés:
Magyarorszag,

Kozlemény:32115141 Nyilvanos Forras Egyéb (Nem besorolt ) Tudomanyos

Boér, Andras ; Kocsis, Akos ; Agocs, Laszlo ; Lévay, Bernadett

A nagyméretli, retrosternalis stumdk mitéti megoldasa- fej-nyak sebész és
mellkassebész sikeres egyiittmiikodése (2014)

A MAGYAR FUL-, ORR-, GEGE ES FEJ-, NYAKSEBESZ ORVOSOK
EGYESULETE 43. KONGRESSZUSA, Tapolca, 2014. oktober 15-18., Megjelenés:
Magyarorszag,

Kozlemény:32153412 Nyilvanos Forras Egyéb (Nem besorolt ) Tudomanyos

Herczeg, Adrienn ; Fodor, Istvan ; Zambo, Orsolya ; Koltai, Pal ; Koltai, Laszlo ;
Bartfai, Réka ; Doleviczényi, Zoltan ; Lévay, Bernadett ; Boér, Andras ; Remenar, Eva
Indukcios kemoterapia szerepe a fej-nyaki daganatok kezelésében (2014)

A MAGYAR FUL-, ORR-, GEGE ES FEJ-, NYAKSEBESZ ORVOSOK
EGYESULETE 43. KONGRESSZUSA, Tapolca, 2014. oktober 15-18., Megjelenés:
Magyarorszag,

Kozlemény:32153429 Nyilvanos Forras Egyéb (Nem besorolt ) Tudomanyos

Lévay, B ; Szalai, M

The role of plastic surgery in rehabilitation of breast cancer patients (2016)

Hungarian Society of Oncology, Annual Meeting, Harkany, 2016. 06.09-11.,
Megjelenés: Magyarorszag,

Ko6zlemény:32156186 Nyilvanos Forras Egyéb (Nem besorolt ) Tudomanyos

Muzsnai, A ; Lévay, B ; Péter, F

Egy viharos év torténete, amikor érdekes lehet a gyermekendokrinologus véleménye
(2016)

ENDOPED 2016, Gardony, 2016. 05.20-21., Megjelenés: Magyarorszag,

86



Ko6zlemény:32156209 Nyilvanos Forras Egyéb (Nem besorolt ) Tudomanyos

Lévay, B

Mediastinalis stoma mint miitéti megoldas recidiv nyaki tumor esetén (2015)

Magyar Sebész Tarsasag Fiatal Sebészek Szekcidjanak III. Kongresszusa,
Balatonalmadi, 2015. 4prilis 17-19., Megjelenés: Magyarorszag,

Ko6zlemény:32156442 Nyilvanos Forras Egyéb (Nem besorolt ) Tudomanyos

Agbes, L ; Kocsis, A Lévay, B
Exta and intrathoracalis usage of rectus abdominis muscle (2013)

VI. International Forum on Plastic Surgery, Budapest, 2013.09.27-28., Megjelenés:
Magyarorszag,

Ko6zlemény:32156712 Nyilvanos Forras Egyéb (Nem besorolt ) Tudomanyos

Kocsis, A ; Agocs, L ; Lévay, B

Unique reconstruction of a young patient after resection of the manubrium sterni
beacuse of Grade II. chondrosarcoma (2013)

VL. International Forum on Plastic Surgery, Budapest, 2013.09.27-28., Megjelenés:
Magyarorszag,

Ko6zlemény:32156720 Nyilvanos Forras Egyéb (Nem besorolt ) Tudomanyos

Boér, A ; Lévay, B ; Agoces, L ; Elek, J

Tracheal reconstruction with supraclavicular osteofasciocutan island flap (2012)

A Magyar Fil-, Orr-, Gége- ¢és Fej-, Nyaksebész Orvosok Egyesiilete 42.
Kongresszusa, Pécs, 2012.10.17-20., Megjelenés: Magyarorszag,

Ko6zlemény:32157998 Nyilvanos Forras Egyéb (Nem besorolt ) Tudomanyos

Agocs, L ; Lévay, B ; Boér, A ; Fiizes, A ; Elek, J
Tracheal reconstruction with supraclavicular osteofasciocutan island flap (2012)
5. HMAA Congress, Balatonfiired, 2012.08.18-19, Megjelenés: Magyarorszag,

Ko6zlemény:32159722 Nyilvanos Forras Egyéb (Nem besorolt ) Tudomanyos

Kocsis, A ; Agocs, L ; Lévay, B ; Molnar, M ; Téth, F ; Vadasz, P

87



Unique reconstruction technique in a young patient after manubrial resection in Grade
II. chondrosarcoma (2011)
19th European Conference on General Thoracic Surgery : European Society of
Thoracic Surgeons 2011-06-05 [Marseille, Franciaorszag], Marseille, 2011.06.05-08.,
Megjelenés: Franciaorszag,

Kozlemény:32169836 Nyilvanos Forras Egyéb (Nem besorolt ) Tudomanyos

Agocs, L ; Kocsis, A Lévay, B ; Csekeo, A

Primer suppurativ costochondritis sebészi kezelésérél 4 sikeresen kezelt esetiink
kapcsan (2009)

Congress of the Hungarian Society of Aesthetic, Plastic and Reconstructive Surgeons,
Budapest, 2009.10.08-11., Megjelenés: Magyarorszag,

Ko6zlemény:32171265 Nyilvanos Forras Egyéb (Nem besorolt ) Tudomanyos

Loderer, Z ; Tamas, I ; Lévay, B ; Bulyovszky, I

Szabad szarnyak a rekonstrukcids sebészetben (2008)

Allami Egészségiigyi Kozpont Tudomanyos napja, 2008.11.27., Megjelenés:
Magyarorszag,

Ko6zlemény:32215054 Nyilvanos Forras Egyéb (Nem besorolt ) Tudomanyos

Lévay, B. ; Révész, M ; Oberna, F

TOETVA - hegnélkiili uj eljaras a pajzsmirigy sebészetben pp. 53-53., 1 p. (2021)
Magyar Sebész Tarsasag 65. Kongresszusa valamint az MST Kisérletes Sebészeti
Szekcid XXVIIL., a Coloproctologiai Szekcid, a Sebészeti Endoszkopos Szekcid és a
Sebészeti Onkologiai Szekcid csatlakozd kongresszusa, Pécs, 2021.08.26-28.,
Megjelenés: Magyarorszag,

Kozlemény:32465431 Admin lattamozott Forras Egyéb (Nem besorolt ) Tudomanyos

Lévay, Bernadett

CEEAO International Webacademy Journal Club 6th Online Webinar (2021)
2021.11.30, Megjelenés: Online konferencia,

Ko6zlemény:32600586 Nyilvanos Forras Egyéb (Nem besorolt ) Tudomanyos

88



Lévay, Bernadett ; Oberna, Ferenc ; Kiss, Alexandra ; Zelenai, Ferenc

Regionalis  anesztézidval végzett pajzsmirigy mitétekkel szerzett kezdeti
tapasztalataink intézetiinkben (2021)

Magyar Endokrionologiai és Anyagcsere Tarsasag XXVIII. Kongresszusa, Eger,
2021.08.26-28, Megjelenés: Magyarorszag,

Ko6zlemény:32709306 Admin lattamozott Forras Egyéb (Nem besorolt ) Tudomanyos

Lévay, Bernadett ; Oberna, Ferenc

Endoszkopos pajzsmirigymiitétekkel szerzett kezdeti tapasztalataink (2021)

Magyar Endokrionoldgiai és Anyagcsere Tarsasdg XXVIII. Kongresszusa, Eger,
2021.08.26-28, Megjelenés: Magyarorszag,

Ko6zlemény:32709319 Admin lattamozott Forras Egyéb (Nem besorolt ) Tudoményos

Bernadett, Levay

Aesthetic Outcome of Complex Head and Neck Reconstruction (2022)

ISAPS World Congress, Isztambul, 2022. szeptember 20-24., Megjelenés:
Torokorszag,

Ko6zlemény:33273878 Admin lattamozott Forras Egyéb (Nem besorolt ) Tudomanyos

Levay B, Oberna F.

TOETVA- scarless thyroid surgery in Hungary (2022)

44th Annual Meeting of the European Thyroid Association, Briisszel, 2022. 09.10-13.,
Megjelenés: Belgium,

Ko6zlemény:33292140 Admin lattamozott Forras Egyéb (Nem besorolt ) Tudoményos

Lévay, Bernadett

Toetva - transoral endoscopic thyroidectomy vestibular approach - scarless thyroid
surgery, first experiences in Hungary (2022)

26th EACMFS Congress, Madrid, 2022. szeptember 27-30., Megjelenés:
Spanyolorszag,

Egyéb URL

Ko6zlemény:33293629 Admin lattamozott Forras Egyéb (Nem besorolt ) Tudoményos

89



10. Acknowledgement

The research of NIS metabolism and distribution in the human body is supported by
the Hungarian National Laboratory (under the National Tumour Biology Laboratory,
protocol0 2022-2.1.1.-NL-2022-00010) and the Hungarian Thematic Excellence

Programme (TKP2021-EGA-44.)

90



11. Appendix

91



EREDETI KOZLEMENY

Heg nélkiili pajzsmirigymiitét —
a TOETVA mint 4j eljaras a hazai
pajzsmirigysebészetben

Lévay Bernadett dr. = Oberna Ferene dr.

Orszagos Onkoligiai Intéect, Fej-nyaki Daganatok Multidiszciplinaris Kiepont, Budapest

Bevenetes g5 cilbitiizer A pajesminigymiitétek sorin a nyakon (ol lithatd és neheren takarhatt beg keletkezik, mely a
piciensck életmindeégét hosai tivon befolyasolhatja. Az elmilt két évtizedben szimtalan, minimilisan imvaziv md-
téts behatolist delgoztak ki, amelyek méretben csiikkentették, vagy kevésbé lithatd régioba helyezték a papsmingy-
miitétek hegat. A madszerck sokseinisége axt jelx, hogy epyik clgris sem tudia megfelelfen bizrosdtani ax clvirt
klinikai és koemetikai eredményt. A terméseetes testoyilisokon keresesiil végeett miitétek Bthatt heg nélkili gyogyn-
last eredményeenek. A sedjiiregi behatolishal kidolgnzont misitek kivzal a szdjon (vestibulum oris) kereszial thyreo-
idectomia {TOETVA — transoral endoscopic thyroidectomy vestibular approach) bizonyult a legbiztonsigosabb és
legjobb credményt add mikéti cljinisnak. Indikicids reriiletét a kisebb mérctl csetis pajpsmirigylebenyek, pibiis
lebenyck, kischb mércti papillaris carcinoma, valamint a mellékpajzsmingy-adenoma adpik.

Miezer: Az Omszigos Onkologiai Intéeet Foj-nyaki Daganatok Multdiseaplinans Kicpontjiban 2018, 06, 12, &
2020. 02, 18, kizote 7 betegen wégeztiink pajzsmirigymidténet sedjon keresetiili behatolisbdl, endosekapos techni-
kival. A szdvertand vizsgilat 4 esetben papillaris carcinomat, 2 esethen foliculans adenomar, illetve 1 esetben benig-
nus kolloid gibiit véleményezett. Az LO-30 mm-es képletek eltivolitisa | esetben isthmectomidval, 6 esctben lobec-
tomadval tirnént.

Eredmémyek: MiEtét sorin 2 escthen kényszeniiltonk véreés miatti konversara. Az 5, endosekiopos mitée végén drént
nem helyeetiink be, beregeinket ax 1. posstopentiv napon hazabocsitottuk. A két, konvertilt mitéoes pdcienst a 2.
posetoperativ napon, a nyaki drén eltivolitisat kivetden emittiltuk. A daganatok eltivolitisa a hisstoldgia alapjin
megfelelt ax onkoldgial elveknek, a nervus recurrens sérilését vagy egyéb seivddményt nem észleltank. Az ddagos
miitét 1dd 127 perc volt.

Kivetkemterde A TOETVA a papsmingy-clidvolitis cgyetlen olyan miitét madszsere, amely kiilsd heggel nem jir,
kelpidképzidést nem okoe. 15-20 mitéthen adjik meg a tanulisi fizist, mely utdn a miEtét wdd csokken. Biztonsigos
s eredményes kivitelezdéséhez azonban nagyszimi nyitomt pajzsmirigymitéeet végzett, endosekipos sebészetben is
gyvakorlott specialista szakséges.

Orrw Hetil. 2020; 161(41): 1764-1768.

Kuolesszavak: [TOETVA) transoral endoscopic thyroidectomy vestibular approach, pajzsmirigymiitét

Thyroid surgery without sears - TOETVA as a new surgieal procedure of the
thyroid

Introdwction and ofgective: In thyroad surgery, itis 2 very important tssue to maintzin good cosmess of the scar which
can always be visible. Even smaller incisions have been utilized in order to improve satisfiction of the patient. In the
last decades, new endoscopic technigques were apphied using breast or axillary approach with unfavourable cosmetic
outcome. In the last couple of years, a2 new endoscopac rechnique was developed known as transoral endoscopic thy-
roidectomy vestibular approach [TOETVA) which is suitable for patients with small thyroid crcinomas without ex-
trathyroidal extension, for benign nodules up to -5 cm, and also for parathyroid adenomas. Metastatic thyroad
discases and large substernal goiters should be operated with conventional open surgery.

Method: From June 20018 to February 2020, a total of 7 patients with thyroid cancer or nodule (size of 1-3 em) were
reviewed in the National Institute of Oncology. Loebectomy was performed in 6 cases, and 1 patient had ithmusee-
tomy.

Herults: In 2 cases, conversion was needed due to bleeding from the superior pole. TOETVA patients had no drain
placement, and were discharged on the 1st postoperative day. The average oparating time was 127 minutes. Injury
of the recurrent laryngeal nerve was not detected.

DM 101556850, 2020 31550 = © Akadémial Kisdd, Budapest m 2030 = 161, évdokgam, 41. s2im = 17641766

Ercught 1o you by Libeary and Informaticn Gentre of the Hurgaran Acadery of Scinces MTA | Urauthentcated | Downicaded 1000722 08:43 AM UTC

92



EREDET| KOZLEMENY

Conclusion: TOETVA is the only scar-free and effective procedure of the thyroid gland, which provades good cos-
metic outcome. The long operative procedure time will be shortened with expenience after a learning curve of 15-20
operations. The surgeon must be a high-volume surgeon in the ficld of thyroid sargery.

Keywords: [ TOETVA) transoral endoscopac thyroidectomy vestibular approach, thyroid surgery

Lévay B, Oberna F. [Thyroid surgery without scars - TOETVA as a new surgical procedure of the thyroid). Orcy

Hetil. 2020; 161(41): 1764-1768.

[Beérkemett: 2020 aprilis 14; cfogadva: 2020, majus 4.)

Raviditesek

ABBA = axillo-bilateral-breast approsch; BABA = balateral
axillo-breast approach; [NM = intraoperativ newromaonitorno-
zix; MIT = [minmmally invasive thyroid surgery} minimilisan
imvazdv papsmirigysebészet; MIVAT = (minimally invasive vi-
deo-assisted thyroid surgery | minimalisan mvasiv, videoassaise-
tilt pajzsminigysebészet; TOETVA = (tramsoral endoscopac
thyrendectomy vestibular approach) sedjiiregi  beharolishal,
szdjon keresetl végeett pajzsmirigy-cltavolitas

A pajzsririgy sebészere killdnosen fontos részér kipezi a
fej-nyaki régidban végzetr mirén beavatkozisoknak,
egyrészr a poindulard elviltozisok nagy szima, mdseészr
a pajmsmirigydaganarok viligszerte ndwvekvd incidencidja
miart A korai sthdivemd &3 lokoregiondlisan eldpehala-
dott, differenciilt pajzsmisigyeik kezelése elsGsorban
mitén. A pajzmirigyschészetben az 5-10 cm-cs nyaki
metszés, amely kivild feltirise & bizronsigos minén fel-
tételeket biztositott, az 1990-es &vekig arany standard™-
nak szdmitor. A metszésvezends egvetlen hidrrinya, hogy
az emberi test legnehezebben rakarhard régidjiban he-
lyezkedik el, ami sebgydgyalisi zavar esctén kozmetikal
szempontbol rendkivil hitrdnyos. Mir Theador Kochert
is esziétikal szempontok vezerdk, amikor az ereden ver-
tikilis metszds helyen horizontilis nyaki merszdst alkal-
miazott | 1]. Fehér birszindl pacienseken wégzen vizsgilar
azr murares ugyan, hogy az operiliak nagy része dlrali-
ban elégedert a ovaki meszds utini kozmetikal ered-
ménnyel, de ez a vizsgilir nem terjedt ki az desiai &5 a
fekere béieszinnel rendelkezd populicidra [2]. A fatal
ndbetegek szimira clsdsorban a thvol-keleti kulnirikban
jelent hitrdnyt a nyaki heg, melver a kivzhiedelem czeken
a foldrajzi & rarrénelmi reritlereken a halil jelénck reking
[3]. A keloidképadidés, mely nem ritka a nyaki régidban,
a phdensek életmindségét rona [4]. Ezen érvek vezer-
tek elfszir a minimdlimvaziv technikik alkalmazdsihoz,
amelyek 4 heg mérerének redukeidpival {minimally inva-
sive thyroid surgesy [MIT], minimally invasive video-
assisred thyroid surgery [ MIVAT]) vagy a heg mds régi-
Oba helyezésével (emld, mellkas, axilla, a nyak hdrséd
réeze) problrak kedvezdbb kozmernikai eredményt elée-
ni. A lithatd heg nélkilli technikir végil a természetes
testnvilison kereszril végzent mitétek credményezodk.

A rranzoralis beavatkozizok kozil a szdjrorndeon |vesti-
bulum ogis) kereszril tirténs beharolis bizonyult 2 leg-
oprimilizabb minér elfirisnak [5].

Modszer

Az Omzdgos Onkoldgial Intézer Fej-nyaki Daganarok
Multidiszeipliniris Koeponrjiban 2018, 06. 12, & 20020,
02. 18, kozir 7 betegen (5 a2 férfi) végeznink pajzs-
mirigymiicéter szijon kereszrili beharolisbal, endoszkio-
pos technikival. A szdvemani vizsgilat 4 eserben papilla-
ris carcinomdrt, 2 esetben follicularis adenomir, 1 esetben
kolloid gobat vélemiényezerr. A 10-30 mm-es dagana-
ok eleivolivisy 1 eserben isthmectomidval, & eserhen bo-
bectomidval tortént.

ATOETVA (rransoral endoscopic thyroidectomy ves-
ubular approach) indikicids verilete a kisebb mérenl
ciszrdk vagy gibds lebenyek, melyekné] a gib nagysiga
nem haladja meg a 4-5 em-t, illetve kisebb mérend papil-
laris carcinomya, follicularis adenoma, de a rechnika mel-
lEkpapzamirigy-ademoma eltivolitisira is alkalmas. Ellen-
javallaror jelenthernek sz ulerahangvizsgilar sordn 5-10
cm-nél magyobb lebenyek, a substernalis struma, az exr-
eathyrenidalis terjedés jeleir murard & nyaki drréter add
vagy nyclicstver, [égestwvet infiltedld pajzsminigyrikok,
valamint a nvaki reriller kordbbi besugdrzisa, mely krité-
riumok egy r&ze a apaszralat &s a gyakorlat gyarapodi-
sival relatived vilik [6].

A mitérer antibiotkumproflaxisban  (amoxicillin-
klavulinsav 1.2 g iv.} lokilis dezinficidlis urin (kldrhexi-
din 0,2%), nasorrachealis inmibdlisc kiverden narkizis-
banvégezzilk. A bereg a miindaszralon a fején exrenzidban
rartva fekszik, villa alamr felfijhand kiemeléssel. A vesti-
bulum orisban 2%-os lidokain-adrenalin infilericidn i
verden a kdedpvonalban a frenulum feletr az ajak belsd
felszinén egy 10 mm-es, az elsd kisdeld magassigiban
két 5 mumi-es metszést ejribnk. A nervas (0.} menralis &p-
séplr megdeizzik. A kozépsd merszésen it Veres-riivel a
subplarysmalis eéteghen hydrodissection wigzink kb.
30-50 ml folyadékial (1 mg adrenalin 500 ml fizioldgiis
sooldartal higitva). A dissecrio alsd hatira 2 juguloem,
kétoldalt a musculus sternocleidomastoidens. A veret
specidlisan erre a célra kifejleszretr, 40 cm hosszi, 8 mm
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Eredmények

Az ismertetett rechnikdval 2008 jiniusa &2 2020 februde-
ja koeour 7 bereger (5 nd/2 Brfl) operiliunk. A mdnét
sordn 2 esetben kényszertiltink vérzds miart konverzid-
ra. Az endoszkdpos miliné végén deénr nem helvezriink
be, betegeinket az 1. poszroperaty napon, a koswerrilt
miicétescker a 2. poszroperativ napon, 3 nvaki drén elod-
volitisir koverden emittilruk. A preoperatlv aspiricids
citoldgiai vizsgdlator minden esetben megerdsitetre a
végleges szovermani eredmény, amely onkolbgiai szem-
pontbal is igazolta a daganarok bizronsigos eltivolitisi
A posztoperativ szakban miieén felviedse igényls gyulla-
dist, folyadékrerencidn, n. recurrens séritlést nem &szlel-
vink. Az drlagos mdvéd idd 127 perc volt. A késol poszr-
operaty szakban 3 minimdlis nvaki fijdalom & az alsd
ajak dmeneti zsibbadisa minden eserben megsednt
Hypocalcaemia nem fordult eld (1. mibhizaet).

Megbeszélés

A nvakon végzetr pajzsmirigvmicérek hegének kompli-
kdcidja, valaming a sebészi invazivitds csikkentésére vald
tirckvés vezcrett egyre Ojabb mitén rechnikik kifeflesz-
tésfhez. Az endoszkdppal assziszril pajzsmingymiitérek
leherdvé tetiék a merszés mérerének csbkkentését [7].
Az ABBA- (axillo-bilateral-breast approach), illerve
BABA- (bilareral axillo-breast appreach) eljisis nagy
milrén felvisdsr igényelt, &5 3 komplikicidk relative ma-
Eas arinya miare nem resjedr el [8, 91 A miiér robot
alkalmazdss — bir bizonyos eldnyikkel jir a hagyomnd-
nyos  endoszkdpos, minindlisan invaziv technikikkal
szemben - az eszkdz hozziférherdsége miart koelitozon
[10]. A reljes endoszhipos rransoralis miltéer koribban
a nyely alart beharoldsbdl wégezedk, de szdmos &szlelt
szowvddmény — mint példiul a n. lingualis sértilése — mian
nem folyraik [ 1], Answony & meeas sedmos, dllaron &
kaddveren végzent TOETVA-multét urin beregeiken is
alkalmaztik a sedjiorndcon kereszoibli rechnikdr [5]. Szi-
mes pajzsmirigyeentrumban végeznck nyaki endoszk-
pos mideéreker. A papzsmirigy & mellékpajzemingy elvd-
volitisin kivill pararrachealis nyaki blokkdissectio is

EREDET| KOZLEMENY

elvigezherd TOETVA-feltirisbil. A TOETVA mint
szijireghdl kezdetr milicér lehetséges seividménye a
bakreridlis ferdzés. A sedjliregben szimos Gram-pozity
acpob &5 amacrob patogén wirzs fordul eld, mig a nyak
subplarysmalis rétege scerilnek szimic. A peleving szak-
irodalomban eddig reopericion igényld ferrdedandl vagy
rilyogedl mem szimolrak be a TOETVA-t végzd munka-
caoportok [ 11]. A oo recurrens sériilés szincén egy leher-
séges komplikicia, csakigy, mint a kevés nyitort mirétet
végzd schészek csctén. Az INM {intrsoperativ neuromo-
nitorozis) mem jelent kevesebb idegséniblést Jipraraont ée
mytrs kitzleménye szerint sem [12]. Aswwony ranulmi-
nyvibdal kidernl, hogy a hypoparathyreosis eldiordulisi-
nak gvakorisdga sem oér el a nyitorr midtéter véged, a
pajzsmingyscbészetben nagy gyakorlamal rendelkezd se-
bészek credményeitdl [13]. Az & miéd cljiris azon
pajzsmirigyscbészethen & endoszkdpos technikai saji-
rossdigokban jirtas kollégiknak ajinlort, akik hisznek az
endoszkipos szemlélerben, &s el udjik hirltani az akut
intraopesativ szdvidményeker [14].

Kiwvetkeztetés

Az ismertetert 0 technika az elmilt éviizedekben egyre
nagyobb népszenlsdgnek drvendd endoszkipos beavar-
kozisok egyike, mely gyakorlott kézben hegmentes, a
nyitatt midrétekhez hasonldan alacsony szovidmény-
rhrdji megoldds mepgfelelden szelekrilr bereganyagon.
A TOETVA-r nagy szimban wéged centrumokban az
drlages mivéni idd sovidill: lobecromia esetén 76 perc,
torilis thyrenidecromia eserében 124 persc.

Hazinkban - 3 médszert a meghonositd killfolds csa-
pat tirmogatasival elkezdve — az Orszdgos Onkoldgial
Intézerben végezzik a miifreket, melveket kivilaszron
beteganvagon, megleleld indikidcidval, az onkoldgiai el-
veket szem eldin artva egyee nagyobly szimban kivinunk
alkalmazni.

Awyagi pdweagands: A szerzdk a kdzlemény megledsival
kapcsolatban anvagi rimogatisban nem részesiilrek.

1. eibliext | TOETVA-milieten dtoscit bebegek adaiai
Eor BMem Gobméret (aspiricids ctoléga) Opas Mz ids Biiz Marvos recurrens sinbés”
bypocal e mia

1 AL & N4 28 men adenoma follsculare Lobectomia Ld. 142 min Konverzid a
2. 0 N4 34 men kolloid gab Lobectomi 1d. L1 men TOETVA Q
3 4[ n' : :’w .-EH mrn adenaima f‘ﬂ|.h'l.l.hrl.'. ]:uh\'uumiu.l 3. 120 ml.n TL'I]:-T't'n'l. a
4 421 £w Fixfi 15 mm papalaris carcinoma Laobectomia Ld. LB min TOETVA a
£ 4l& N4 9 mm papillanis carcinoma Isthmecromia 120 min TOETVA a
6. B v N4 & mm papillaris carcinoma Lobectomia Ld. 210 men TOETVA a
7 i L Fixfi 15 mm papifaris carcinoma Lobectomia Ld. 140 mim Komerzid Q

TOETVA = rrarsoral endoscopic thyroidectomy vestbalar approach
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1, kbra A bahanolia-porok helymene

4, #bra | & jobit oldali lebeny kedfzjiise

. dlbera

| A el pililus képleteinek ellitisa

vastag kir drmérdjl, végén kb, babnyi megvastagitot
résazel rendelkezd fEmeszkizzel disszekaljuk . A 10 mm-
es trokir helyér pednnal cigituk, majd a mandibula felet
a subplarysmalis réregbe jununk. Ezutin behelyezzik a
10 mum-es mulanyag teokdrr, melyen dr a O vagy 30 fokos

A ubb okl lebeny chivelitisa

5. abrx

csatlakozik. A craniocandalis irinyi nézer segitsépével a
0. recurrens identifikilisa kénnyebb, mine 3 hagyornd-
nyos mltét esetén. A rrokires catlakoznaguk 3 CO,-in-
sufflarort, a nyomsdst 6 Hepmm-re dllituk. Szemellende-
zés mellert a 2 oldalstd mifanvag segédrrokis kenil a
subplarysmalis réteghe (1. déva). A hasi endoszkipos
schészetben  hasendlatos  eszkiozdker  alkalmazzuk.
"Hook” segitségével a miidn teriileten a szdlagokar obd-
juk. Azonositjuk az egyenes nyakizmokar, majd a limea
alba behasitisa kiwetkezik (2. dbra). Ekkor optimdlis
cictben a lebeny Hudrérbe keribl. A jobbkezes sebészek-
nek a ranuldsi fizisban a jobb oldali pajzsmirigylebeny
cleivolivhsdn javasoljuk. Az cgyencs nyvakizmokar tomypin
levilasztjuk a kebenyral, majd cranscutan Glids segitsdége-
vel elrartjuk. Az isthmust leprepariljuk a crachedndl,
majd megfogva a felsd pdlus drképleteir hozzuk Hrdrée-
be, magy energidji égetd & vigd endoszkipos eszkioz
segiisépével czeker ellitjuk (3 d@bra). Idendfikiljuk a
mellékpajzemirigyeker & a n. recurrenst is. A lebenyt
wmpa preparilissal az dgyibol kifejrjitk, az arteria thy-
recidea inferiort szinrén ulrahanghkészilikkel fgetjik &
vigiuk it (4 #bra). A lebenyt "endobag’-be helyezve a

optikic vezerjilk be, amely az endoszkdpos toronyhoz | kiedpsd trokdreal egyilin vessziik ki (5. dra ).
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Seerzdi munkamegosznds A szerzdk egyenld mérnékben
jarulak hozzd a kozlemény elkéapinéséhez. A cikk végle-
ges vilrozarit mindkér szerzd elolvasta &s jovihagyta.

E‘Ms.is!uw.'z\ szerzoknek nincsenck érdekeltségeik.
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Nyaki attétet ado papillaris
pajzsmirigyrak sebészi
kezelésének eredményei —

5 éves anyagunk feldolgozasa
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!Orszagos Onkolodgiai Intézet, Fej-Nyaki Daganatok Multidiszciplinaris Kozpont, Budapest
20rszigos Onkoldgiai Intézet, Daganatpatolégiai Kézpont, Sebészeti és Molekularis Patoldgiai Osztily, Budapest
30rszdgos Onkolégiai Intézet, Sugirterapias Kézpont, Budapest
*ELTE Eo6tvos Loriand Tudomédnyegyetem, Budapest
s§emmelweis Egyetem, Altalinos Orvostudoméanyi Kar, 1. Sz. Belgyégyaszati Klinika, Budapest

A papillaris pajzsmirigyriak prognézisat a gyakori nyaki nyirokcsomoattét-képzés befolyasolja. Sebészi kezelésiik mi-
ndsége a betegek tulélését és a recidiva eléforduldsi gyakorisdgit is meghatdrozza. Az Orszigos Onkoldgiai Intézet
Fej-Nyaki Daganatok Multidiszciplindris Kézpontjdban a fej-nyak sebész szerz8k altal 2013 és 2018 kozott operdlt,
nyaki attétet adé papillaris carcinomds betegek adatait vizsgaltuk. 130, nyaki attétet adé papillaris pajzsmirgy-carcino-
mas beteg esetében az ATA (American Thyroid Association) 2015 . évi irdnyelvei alapjan teljes pajzsmirigy-eltdvoli-
tast és nyaki nyirokcsomo-dissectiot végeztiink. Az eltivolitott anyagokat szovettani feldolgozasra kiildtiik, vizsgaltuk
a nyirokcsoméittét(ek) ardnyit az életkor, a nem, a tumor-multifokalitds, a kétoldalisig, a tokon kiviili terjedés, a
nyirok-, érinvizié tiggvényében. Elemeztiik a mitét utdn felléps szovédményeket is. 43 betegnél thyreoidectomia,
totdlis és centrdlis nyaki dissectio (VI. régi6 ), 87 esetben centrilis (VI. régio) és lateralis (II-V. régid) nyaki dissectio
tortént. Atmeneti (6 honapon beliil normalizdl6d6) hypocalcaemia 30 betegnél (23%), permanens hypocalcaemia
4 betegnél (3%) fordult el. Atmeneti nervus recurrens bénulds 12 esetben (9,2%), permanens bénulis 3 (2,3%)
esetben tortént. A szovettani értékeléskor érbetdrés és tokinvidzié 75 betegnél (57,7%), nyirokér-invazié 63 betegnél
(48,5%), Hashimoto-thyreoiditis 51 betegnél (39,2%) igazolédott. Microcarcinoma (1 ¢cm-nél kisebb daganat)
43 esetben fordult el8 (33%). Az eltavolitott nyirokcsomok atlagosan 48%-a volt attétes. Ez csak a tumormérettel
mutatott szignifikins korrelaciét, az életkorral nem taldltunk Gsszefiiggést. Az oldalisig, a tobbgdctsig, valamint a
tok-, nyirokér- és érinvizi6, a Hashimoto-status és a beteg neme nem mutatott Osszefliggést az dttétes nyirokcsomok
szdmaval. A talélést befolydsolta a tok-, ér- és nyirokér-invdzi6, valamint a tumorméret is. A nyaki dttétet ado, diffe-
rencidlt pajzsmirigyrikos beteganyagunk kezelésében a kivizsgalasi protokollt kévetSen a teljes pajzsmirigy-eltavolitas
és a megfelelS régiokat tartalmazé nyaki dissectio dont8 fontossaga, a radiojod-terdpiaval kiegészitve az iranyelvek-
nek megtelel§ kezelési modul. A pajzsmirigydaganat a leggyakoribb endokrin daganatos megbetegedés, melynek
sebészi kezelése a multidiszciplindris terdpia legfontosabb eleme. 5 év alatt operilt, nyaki attétet is add, differenciilt
pajzsmirigyrikos beteganyagunkat feldolgozva ismertetjiik eredményeinket az olvaséval.

Orv Hetil. 2024; 165(3): 83-88.

Kulcsszavak: differencialt pajzsmirigyrak, papillaris rik, nyirokcsomoattét, nyirokcsomo-dissectio

Results of surgical treatment of papillary thyroid cancer with lymph node
metastasis — review of our data in a 5-year period

Papillary thyroid cancer carries an excellent prognosis. Although long-term survival rates are high, regional lymph
node metastases are common. Surgical management of thyroid cancer and cervical lymph nodes are ready to define
the survival. This article focuses on observational data of metastatic papillary thyroid cancer patients operated in the
Head and Neck Multidisciplinary Cancer Center of the National Institute of Oncology between 2013 and 2018. In
the National Institute of Oncology, consecutive series of 130 metastatic papillary thyroid cancer patients were treat-
ed by the two authors between 2013 and 2018. Thyroidectomy and central neck dissection (level VI) were per-
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Megbeszélés

A pajzsmirigyrdk a leggyakoribb endokrin daganatos
megbetegedés, a protokoll szerint elsédlegesen sebészi-
leg kezelendd. Vékonytii-aspirdcids biopszia vagy intra-
operativ fagyasztisos vizsgilat igazolja a nyirokcsomoé-
¢rintettséget, mely befolydsolja a mitéti tervet [9]. Wong
és mtsai egyetértenck abban, hogy a lateralis nyaki nyi-
rokcsoméittét idGsebb betegek esetében rosszabb tal-
élést jelent, mint a centralis nyirokcsomoéattétek [10].
Randolph és mtsai hangstlyoztik a metastaticus nyirok-
csomoOk szimdnak ¢és méretének korreldcidjit a recidiva
kialakulasaval. Kisebb volt a kitjulds kockdzata az 5 mm
alatti érintett nyirokcsomok esetében, mely tobb mint
20-30%-ban fordult el6 [11]. A nagy felbontdst nyaki
ultrahangvizsgilat az elsédleges a nyaki dttétet adé pajzs-
mirigyrdk ¢és a jéindulatt elvltozdsok differencidldiag-
nosztikdjaban, csakigy, mint a 2—-3 mme-es nagysigt lo-
koregiondlis dttétek kimutatisiban. A nem tapinthaté
nyaki nyirokcsomoattétek a legtobb esetben ultrahang-
vizsgalattal kimutathatok [12]. Won és mesai vizsgiltak a
nyaki nyirokcsomé-dissectiok optimalis kiterjesztését, és
megillapitottik, hogy a jol differencidlt pajzsmirigyrikok
esetében az aspirdcidval igazolt nyaki dttétek kezelésében
a szelektiv nyaki dissectio elfogadott cljirds, és beteg-
anyaguk alapjin arra a kovetkeztetésre jutottak, hogy a
laterilis kompartmentekbe attétet ado, jol difterencidlt
pajzsmirigyrikos betegek miitéte sordn a IIa, III., IV,
V., VI régi6t mindig el kell tavolitani, minimalisra csok-
kentve ezdltal a kiGjulds kockdzatit [13]. A mdsik sar-
kalatos kérdés a profilaktikus dissectiok 1étjogosultsiga.
A centrilis régié reopericié sordn torténd eltdvolitisakor
megndhet a n. recurrens, illetve a mellékpajzsmirigyek
sériilésének ardnya. Valéban, a hegszévet, az 6déma
megyviltoztathatja az anatémiai viszonyokat, amelyek a
kevésbé gyakorlott sebész szimdara komoly kihivist je-
lenthetnek nagyobb szovédményratéval. Sok munkacso-
port szamol be rutinszertien végzett profilaktikus centra-
lis nyaki nyirokcsomo-dissectio utdn jelentkezdé dtmeneti
hypocalcaemidrél (14-60%), tartés hypocalcaemidrél
(3-11%), atmeneti hangszalagbénuldsrél (3-7%), tartds
hangszalagbénuldsrél (0—4%) [14]. Agrawal és mtsai
iranyelveket fogalmaztak meg a papillaris rakok centrilis
nyaki dissectiéjanak indikiciéjiban. Ez segitheti a se-
bészt a miitéti javallat, valamint a mdtéti terv feldllitasa-
ban [15]. Profilaktikus nyirokcsomé-eltdvolitisnak kiza-
rélag specidlis esetekben van helye. Az ATA-irdnyelvek
nagy kockazatt differencidlt pajzsmirigyrikos betegek
esetében javasoljak a profilaktikus centrilis nyirokcso-
mok kimetszését, igy a T3-, T4-tumorméret, illetve a
lateralis nyirokcsomo-régidkban eléfordulé igazolt dttée
esetében. Ezeket figyelembe véve centrilis nyaki dissec-
tiét kizdrélag nagy tapasztalattal rendelkezé sebész vé-
gezzen a szovédmények minimalizdldsa érdekében [6].
Resende de Paiva és mtsai 64 628 beteg esetében vizsgal-
tak a Hashimoto-thyreoiditis és a pajzsmirigyrak kézotti
kapcsolatot. A Hashimoto-betegek 9%-dban fordult ¢l
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papillaris pajzsmirigyrak, mig a papillaris pajzsmirigyra-
kos betegek 19%-dban volt igazolhaté Hashimoto-thy-
reoiditis [16]. A Shaha vezette munkacsoport az extra-
thyreoidalis terjedést mutatd, lokalisan invaziv, agressziv
tipust differencialt rikok esetében irtdk le a tivoli dttét
kialakuldsinak megnovekedett esélyét [17]. Hazai szem-
pontbdl érdekes kérdést vetett fel a Kovdcs és mtsai dltal
T1-2-es stidiumd, differencidlt pajzsmirigyrdk miatt to-
tilis thyreoidectomidn dtesett 81 beteg szovettani lelete,
miszerint az cllenoldali lebenyben 1¢év8, szdvettani lelet-
tel igazolt, de ultrahangvizsgilattal nem észlelt micro-
carcinomik léte megvaltoztatja az utdkezelés tervét
[18].

Kovetkeztetés

A jol differencidlt pajzsmirigyrik gyakori, de jo prog-
noézist betegség, melynek felfedezésében kiemelkedd
fontossiga van az ultrahang-diagnosztikinak, illetve a
sebészi beavatkozads dontd szerepet kap a terdpids algo-
ritmusban [19]. Beteganyagunkban a posztoperativ szo-
védményrita a nemzetkozi adatokkal dsszevetve is kicsi-
nek mondhaté.

Relative kis méreti daganat, vagyis a microcarcinoma
43 esetben (33%) adott nyaki dttétet. Az eltivolitott
nyirokcsomoéblokkoknak a 48%-a volt dttétes, mely csak
a tumormérettel mutatott szignifikdns korrelciét.
A pajzsmirigydaganatok kezelése a multidiszciplinaritas
miatt elsésorban centrumokban végzendd. Nagy beteg-
szamot tartalmazo anyagunk feldolgozisit kovetSen be-
mutatjuk a nyaki attétet ado differencidlt rakos betegek
hazai elldtdsit.

Anyagi tamogatis: A kozlemény megirdsa anyagi timo-
gatdsban nem részesiilt.

Szerzoi munkamegosztds: L. B.: Operdlé orvos, a cikk
megirdsa. B. A.: Operal6 orvos. K. A.: Adatgy(jtés, md-
téti asszisztencia. T. E.; P. I.: Szovettani leletezés. O. F.:
A Kézirat javitisa. F. G.: Statisztika készitése. D. O.:
A betegek kivizsgdldsa, endokrinoldgiai-onkoldgiai gon-
dozis. A cikk végleges viltozatit valamennyi szerzé elol-
vasta ¢és jovahagyta.

Evdekelsségek: A szerzéknek nincsenck érdekeltségeik.
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Microcarcinoma 43 esetben igazolddott (33%). Sebészi
intervenciot igénylé nyirokfolyds 3, n. accessorius sériilés
1 esetben fordult el§. A kovetett beteganyagunkban
2 beteg hunyt el, az egyik esetben primer tiidétumor,
a mésik esetben cardialis ok miatt. Osszehasonlitottuk a
tok-, nyirokér-, vascularis invdziét a tumormérettel, a
metastaticus nyirokcsomok szdmdval, illetve a betegek
¢letkordval. Idésebb betegek esetében gyakoribb volt
a nyirokér-, illetve a vascularis invdzié. Az eltivolitott
nyirokcsomok dtlagosan 48%-a volt attétes (tartomany:
4-100%). Ez csak a tumormérettel mutatott szignifikins
korrelaciét (p = 0,0212, R = 0,2018), az életkorral nem
taldltunk Osszefiiggést (p = 0,2406, mindkettS Spear-
man-féle rangkorrelicié). Az oldalisig (p = 0,4857),
multiplicitds (p = 0,1913), valamint a tokinvizi6 (p
0,4579), az érinvazié (p = 0,7072) és a nyirokér-invazi
(p = 0,6504), a Hashimoto-status (p = 0,9811) és a nem
(p = 0,3413) sem jelezte cl8re az attétes nyirokcsomodk
relativ szdmdt (Mann-Whitney U-teszt) (1. #dblizat).
A tok-, ér- és nyirokér-invizé Osszefiiggést mutatott a

()

[oNN]

1. tablazat A tumorméretnek, az dttétes nyirokcsomok szimdnak és az élet-
kornak a hatdsa a tok-, nyirokér-, érinviziora és a Hashimoto-
thyreoditis-statusra

p-Erték Tokinvazi6 Nyirokér-  Erinvizi6 Hashimoto-
(Mann-Whitney invdzidé thyreoiditis
U-teszt)

Tumorméret <0,001 <0,001 <0,001 0,0242

A metastaticus 0,0151 0,0162 0,0133 0,5614

nyirokcsomék
szdma
Eletkor 0,0206  <0,001 <0,001 <0,001
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tumor méretével, az dttétes nyirokcsomok szimaval, va-
lamint az id6sebb korral. A Hashimoto-thyreoiditis a
nagyobb tumormérettel korreldl. Id8sebb korban az ér-
és nyirokér-invazié gyakrabban fordult el8, mint a fiata-
labb korosztilyban.

A talélés rovidebb volt a tokinvdzié (p = 0,0255)
(1. dbra), az érinvazié (p = 0,0078) (2. dbra) és a nyiro-
kér-invazié (p = 0,0416) (3. dbra) esetén, illetve dssze-
fiiggést mutatott a nagyobb tumormérettel (p<0,001) is.
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helye. Néhiny megnagyobbodott vagy kérosnak vélt
nyirokcsomé eltavolitdsa (,berry picking”) helytelen,
nem megfelel§ mitéti megoldas [7].

Anyagok és mddszerek

Az Orszigos Onkoldgiai Intézet Fej-Nyaki Daganatok
Multidiszciplinaris Kézpontjaban 2013 és 2018 kozott
130, nyaki nyirokcsomédttétet ad6 papillaris carcinomas
beteget kezeltiink. A mitét feltétele a preoperativ ultra-
hangvizsgilat és a vékonyti-aspirdcids biopszia dltal vagy
intraoperativ fagyasztassal igazolt nyaki dttét volt. A tel-
jes pajzsmirigy eltivolitisa mellett centrilis nyaki dissec-
tio vagy centrilis és laterdlis nyaki dissectio tortént.
A miitét elétt laborvizsgalat (FT'3, FT4, TSH), valamint
nagy felbontdst nyaki ultrahangvizsgalat zajlott. A nyaki
ultrahangvizsgilat a pajzsmirigy-elviltozasok felismeré-
sének az alapja, kombindlva a vékonytii-aspiriciés biop-
szidval. Kiegészit$ képalkoto vizsgdlatnak lokoregionilis
vagy tavoli dttét gyanudja esetén van létjogosultsaga, ami-
kor az ultrahangvizsgilat nem tudja megitélni a primer
daganat vagy attét kiterjedését, az erekhez valé pontos
viszonyit. Pre- és posztoperativ gégészeti vizsgilattal
minden beteg esetében ellendriztiik a hangszalagok
mozgisat. A mitéti szovédményeket — mint az dtmeneti
vagy végleges hangszalagbénulas, dtmeneti vagy végleges
hypoparathyreosis — is vizsgaltuk (hypocalcaemia: <2,1;
normalérték 2,15-2,65 mmol/1; véglegesnek szamit, ha
6 hénapon tal sem normalizdlédik az érték). A kontroll
laboratériumi vizsgilatok FT3-, FT4-, Tg-, TgAb- és
TSH-meghatirozdst tartalmaztak. A betegek hormon-
szubsztitacidjat levotiroxin (1,8 pg/kg) adisival végez-
tik a Magyar Endokrinoldgiai és Anyagcesere Tarsasig
ajanldsa alapjén [8].

Miitétek

A mitétek sordn teljes pajzsmirigy-eltavolitast és centré-
lis vagy centrdlis és laterdlis nyirokcsomoé-dissectiot
végeztiink. Minden miitét sordn a n. recurrensek azono-
sitdsira, valamint a mutét teriileten 1év6é mellékpajzs-
mirigyek megkimélésére torekedtiink. Amennyiben a
mellékpajzsmirigy(ek) eltavolitisra keriiltek, azokat a
mitét végén apr6 (kb. 1 mme-es) szeletekre vagva, fizio-
l6gids sboldatba keverve, a m. sternocleidomastoideus
izomba implantaltuk /injektdltuk. A centrilis nyaki dis-
sectio sordn a praclaryngealis, practrachealis, valamint
mindkét oldali paratrachealis nyirokcsomok eltivolitasd-
ra torekedtiink. A laterdlis nyaki nyirokcsomok eltdvoli-
tdsa sordn a dissectio kiemelked$ fontossigt része a
n. auricularis magnus, a n. accessorius, a n. hypoglossus,
a n. vagus, az a. carotis communis azonositdsa, megdrzé-
se, csakigy, mint a vena (v.) jugularis internaé, azonban
cl8fordult az dttét nagysdga és elhelyezkedése vagy infilt-
rilé jellege miatt a véna lekotése. A supraclavicularis dt-
tétek kipreparalisakor fontos megemliteni a bal oldalon
a ductus thoracicus sériilésének lehetGségét. A mély nya-
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ki fasciat elérve a supraclavicularis részen a nyirokcsomoé-
kat lekotések utdn tivolitottuk el a nyirokfolyds elkeri-
lése céljabol. A szérumkalciumszint ellenérzése az 1.
posztoperativ napon tortént, hypocalcaemia esetén kalci-
um-, illetve D-vitamin-pétldst inditottunk.

Radiojod-kezelés

Minden beteg részesiilt radiojéd-terdpidban, melyet a
mitét utdn 8-10 héten beliil kezdtiink el. Célja, hogy
climindljuk a maradék pajzsmirigyallomanyt, valamint a
kisebb daganatos rezidudlis gocokat, csokkentve a reci-
diva kialakuldsat. A kezelés elétt 3—4 héttel felfiiggesz-
tettitk a betegek hormonszubsztiticidjit, vagy TSH-
stimuldciéra rekombindns humdn tirotropin- (rhTSH,
Thyrogen) injekciot kaptak. A posztterdpids teljestest-
képalkotd vizsgilatot a kezelés utin 4-7 nappal végez-
tiik.

Kovetés

A betegek utdnkovetése 6 havonta nyaki ultrahangvizs-
galattal és a Tg, TgAb, TSH, FT4 szérumszintjének cl-
lendrzésével tortént.

Statisztikai analizis

Mann-Whitney U-tesztet haszndltunk (Statistica 12.5,
StatSoft, Tulsa, OK, USA) a tok-, nyirok- és érinvazid, a
Hashimoto-status, a nyirokcsomé-dissectio, valamint az
életkor, a tumornagysig és a metastaticus nyirokcsomok
kozotti Osszefliggések vizsgdlatira. Log-rank teszttel
vizsgiltuk a teljes talélést a tok-, nyirok-, érinvizid, a
Hashimoto-status, a nyirokcsomo-dissectio, az életkor, a
szovettan és az oldalisig fiiggvényében. Cox-regresszio-
val elemeztiik a tumorméretnek, az dttétes és nem attétes
nyirokcsomok szamdnak és az életkornak a hatdsit a tel-
jes talélésre.

Eredmények

2013. janudr és 2018. december kézott 130, nyirokeso-
moattétet add papillaris pajzsmirigyrikos beteg keriilt
miitétre (85 nd ¢s 45 férfi). Atlagéletkoruk 47,6 év (19—
90) volt. 43 beteg esetében thyreoidectomia és centrilis
nyaki dissectio, mig 87 betegnél centrilis és laterdlis nya-
ki kimetszés is tortént. Az dtlagosan eltivolitott nyirok-
csomOk szdma 13 volt (1-48); nem vettiik kiilon a csak
centrdlis és a centrilis és lateralis régiok egyiittes dissecti-
6ja soran eltavolitott nyirokcsomok szamét. Armeneti
(6 honapon beliil normalizil6d6) hypocalcaemia 30 be-
tegnél, permanens hypocalcacmia 4 betegnél fordult el6.
Atmeneti n. recurrens bénulds 12, permanens bénulds
3 esetben tortént. Erbetorés és tokinvizid 75 betegnél
(57,7%), nyirokér-invizié 63 betegnél (48,5%), Hashi-
moto-thyreoiditis 51 betegnél (39,2%) fordult eld.
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formed in every case with/without lateral neck dissection (level II-V) according to the ATA (American Thyroid
Association) 2015 guidelines. All excised specimens were examined by experienced pathologists. We evaluated the
influence of age, gender, tumor multifocality, bilaterality, capsular, vascular, lymphatic invasion on lymph node me-
tastasis. We also analyzed the postoperative complications. 43 patients out of 130 underwent total thyroidectomy
with only central lymph node dissection, 87 had dissection on both lateral (level II-V) and central (level VI) lymph
nodes. Transient hypocalcemia occurred in 30 patients (23%), permanent hypocalcemia occurred in 4 patients (3%).
Transient recurrent laryngeal nerve palsy was diagnosed in 12 (9,2%), permanent in 3 (2,3%) cases. Pathologists re-
vealed vascular and capsular invasion in 75 cases (57.7%). Lymphatic invasion occurred in 63 cases (48.5%), Hashi-
moto thyroiditis was found in 51 cases (39.2%). Microcarcinoma (tumor size smaller than 1 cm) occurred in 43
cases (33%). 48% of the dissected lymph nodes were metastatic. This was associated only with the size of the primary
tumor, but did not correlate with the age. Associations between lymph node metastasis and multifocality, capsular,
lymphatic, vascular invasion, Hashimoto thyroiditis or gender were not statistically significant. Survival rate was cor-
related with capsular, vascular and lymphatic invasion, and also with the tumor size. Total thyroidectomy and ade-
quate lymph node dissection are the key points in the therapy. With completion radioiodine treatment, this is the
optimal oncological procedure. Thyroid cancer is the most common endocrine tumor. Adequate surgical interven-
tion is the most important factor of the multidisciplinary therapy. The authors review their 5-year experiences with
metastatic papillary thyroid cancer patients.

Keywords: differentiated thyroid cancer, papillary thyroid cancer, lymph node metastasis, neck dissection

Lévay B, Té6th E, Péter I, Kiss A, Frohlich G, Dohdn O, Boér A, Oberna F. [Results of surgical treatment of papillary
thyroid cancer with lymph node metastasis — review of our data in a 5-year period]. Orv Hetil. 2024; 165(3): 83-88.

(Beérkezett: 2023. oktéber 30.; elfogadva: 2023. november 19.)

Roviditések

ATA = (American Thyroid Association) Amerikai Pajzsmirigy-
szovetség; FT3 = (free T3) szabad trijéd-tironin-frakcié; FT4 =
(free T4) szabad tetrajéd-tironin-frakcié; NCCN = (National
Comprehensive Cancer Network) Nemzeti Atfogé Rak Halo-
zat (Egyesiilt Allamok); rhTSH = (recombinant human thyro-
id-stimulating hormone) rekombindns humdn pajzsmirigy-sti-
muldlé hormon; Tg = tircoglobulin; TgAb = (thyroglobulin
antibody) tireoglobulin elleni antitest; TSH = (thyroid-stimu-
lating hormone) pajzsmirigy-stimuldlé hormon

A rosszindulat(i pajzsmirigy-elviltozisok incidencidja a
2014-2018-as adatokat tekintve 22,8 /100 000 a ndk,
mig 8,100 000 a férfiak esetében [1]. A papillaris pajzs-
mirigyrdk a leggyakoribb pajzsmirigydaganat, mely a
rosszindulatd pajzsmirigy-elviltozdsok 75%-at, a difte-
rencidlt rikok 90%-at teszi ki. A kezelt esetek prognézisa
kivald, a 10 éves talélés 90% feletti [2]. Annak ellenére,
hogy lasstt névekedési tendencidt mutat, a kihivast mégis
a lokoregionalis kitjulasok kezelése jelenti. Ezért dontd
fontossigt ¢és a teljes kezelés meghatirozoéja a mitét [3].
Klinikailag észlelhetd nyirokcsomédttét az esetek 15—
30%-dban fordul el§. A nyirokcsomoattét eléforduldsa
klinikailag negativ esetekben 50%, 10 mm vagy anndl ki-
sebb papillaris rak (microcarcinoma) esetében 15-50%.
A micrometastasisok el6forduldsa 80% koriili. A pajzsmi-
rigydaganat tokon kiviili terjedése, a férfinem, az idésebb
életkor hajlamosit agresszivabb daganat elGforduldsira.
A nyaki attét kialakuldsa szintén rontja a talélést, elsGsor-
ban a centrilis, azaz a VI. régiéban megjelend, mivel a

pajzsmirigy nyirokelvezetése elsGsorban a centralis nyi-
rokcsomokba torténik [4]. A pajzsmirigylebenyben 1évg
daganat elhelyezkedése utalhat a nyirokcsomoattét vald-
szind helyére. Az isthmusban, a kozépsé ¢s alsé részen
1év6 daganatok a centralis, mig a fels6 polusban elhelyez-
ked8 daganatok az azonos oldali laterélis nyirokcsomé-
lincba kozvetlentl is adhatnak dttétet [5]. A nyaki nyi-
rokcsomo-régiok sebészi anatémidja és kompartmentek
szerinti beosztisa az American Joint Committee on Can-
cer és az American Academy of Otolaryngology-Head
and Neck Surgery ajinldsa alapjin tortént. A centralis
kompartment, melyet sokszor VI-os régiénak neveznek,
fels6 hatdra a nyelvesont, lateralis hatdrai a nyaki nagy-
erek, alsé hatdra az arteria (a.) brachiocephalica. Centri-
lis nyaki dissection az ezen a teriileten 1évé nyirokeso-
mok eltivolitisit értjiik. A lateralis nyaki nyirokcsomoé-
kompartmenteket a II-V. régiok alkotjik. A II. régié
hatdrai a submandibularis nydlmirigy, a koponyaalap, a
musculus (m.) sternocleidomastoideus és az a. carotis
bifurcatio (sebészi hatdr), a nyelvesont (klinikai hatar);
a I /a alrégié a nervus (n.) accessorius el8tti, mig a I1/b
a n. accessorius feletti nyirokcsomokat foglalja magdban.
A III. régi6 hatdrai a m. sternohyoideus, az a. carotis
bifurcatio/nyelvesont, a m. sternocleidomastoideus,
a m. omohyoideus (sebészi hatdr), a gytrtporc alsé széle
(klinikai hatar), mig a IV. régi6 hatdrai a m. sternocleido-
mastoideus, a m. omohyoideus/gytriiporc alsé széle,
a m. sternocleidomastoideus és a clavicula [6].

A nyirokcsomo-dissectionak az ATA 2015. és az
NCCN 2019. ¢évi irdnyelveinek megfelel6en kizarolag
terdpids, azaz pozitiv citoloégia vagy biopszia utin van
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ABSTRACT

The aim of this study was to investigate how polarized sodium iodide symporter (NIS)
expression may regulate iodide metabolism in vivo. Polarized NIS expression
was analyzed in tissues that accumulate iodide by the use of immunohistochemistry and polyclonal
antibody against the C-terminal end of human NIS (hNIS). lodide absorption in the human
intestine occurs via NIS expressed in the apical membrane. lodide is secreted into the lumen of the
stomach and salivary glands via NIS expressed in the basolateral membrane and then circulates back
from the small intestine to the bloodstream via NIS expressed in the apical membrane.

Polarized NIS expression in the human body regulates intestinal-bloodstream recirculation of iodide,
perhaps prolonging the availability of iodide in the bloodstream. This leads to more efficient iodide
trapping by the thyroid gland. Understanding the regulation and manipulating gastrointestinal iodide
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recirculation could increase radioiodine availability during theranostic NIS applications.

Keywords
NIS; thyroid gland; iodine absorption; iodine metabolism

INTRODUCTION

Iodine is an essential component of thyroid hormones
which, in turn, are key factors for human physiology
and development before and after birth. Active iodide
transport into thyroid epithelial cells is mediated by the
sodium iodide symporter (NIS), a plasma membrane
glycoprotein. Diagnosis and therapy of thyroid discases
using radioiodine have been applied since 1940 (1,2),
but NIS was only cloned in 1996, in the laboratory of
Nancy Carrasco (3-5).

A secondary structure model for NIS, with
13 transmembrane segments, has been proposed
based on experimental data (6-8). NIS couples the
inward translocation of sodium and the simultaneous
inward “uphill” translocation of iodide against their
clectrochemical gradients. The sodium gradient that
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provides the driving force for cellular iodide uptake
is maintained by the sodium-potassium ATDasec.
Two sodium cations are transported for each iodide
anion (9). In the thyroid, both NIS and sodium-
potassium ATPase are located in the basolateral surface
of thyroid follicular cells, close to the gland’s blood
supply (8,10,11).

Thyroid-stimulating hormone (TSH) and iodide are
the two main factors regulating iodide transport in the
thyroid, which is stimulated by TSH and decreased by
iodide. Hence, TSH stimulation and iodide depletion
are the two most important modulators routinely used
to optimize radioiodine treatment in metastatic thyroid
carcinoma (8,12,13).

NIS-mediated radioiodine therapy for thyroid cancer is

the oldest routinely applied molecular targeted radiotherapy &
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available today. Currently, the NIS gene is one of the most
promising candidates for gene therapy applications, both
as a therapeutic and a reporter gene (8,14).

A major drawback of available traditional cytotoxic
anticancer therapies is their lack of selectiveness for
cancer cells and their substantial toxicity against normal
cells. Therefore, the ultimate aim of any new anticancer
therapy is to achieve selective destruction of cancer tissue
with minimal harm to healthy cells. One of the most
promising approaches to accomplishing this is targeted
radiation therapy. Radioiodine therapy is a prime
example of targeted radiation therapy via selectively
expressed plasma membrane transporters (2,14,15).
Radioiodine therapy has been employed with great
success for over 60 years for the destruction of thyroid
cancer remnants and metastases after thyroid surgery.
The presence of NIS in thyroid cancer cells ensures that
the administered radioiodine accumulates selectively in
these cells, thus causing little damage to other cells and
only minimal side effects. Thus far, radioiodine therapy
has been viewed as applicable only to thyroid cancer.
However, NIS can concentrate various radionuclides in
target cells and facilitate exciting applications, including
diagnostics therapy (11,14). Indeed,
recent observations have raised the possibility of the
application of radioiodine therapy to breast cancer and
other cancers by the introduction of NISinto tumors via
viral vectors or upregulating the tumors’ endogenous
NIS expression, if present. As a transgene, NIS can
be used for image-guided radiotherapy, monitoring
of gene and vector biodistribution, and evaluation of
trafficking of therapeutic cells. A potential limitation
of ectopic (extrathyroidal) NIS expression is the fact
that extrathyroidal tissues are unable to perform iodide
organification. Therefore, the accumulation of iodide is
the sum of cellular uptake and efflux, largely dependent
on the plasma availability (absorption and clearance) of
the tracer (8,11,14,16).

NIS is a master molecule of iodine metabolism.
In rodents, NIS has been shown to be responsible
for intestinal iodide absorption (8,17). Some of the
absorbed iodide undergoes organification in the
thyroid. Iodide is secreted via NIS in the salivary glands,
stomach, and gastrointestinal lumen and is then again
absorbed via NIS in the small intestine. Todide is finally
excreted by the kidneys via glomerular filtration (5,8).

Polarized NIS expression in epithelial cells
results in vertical transepithelial transport of iodide.
Polarization of NIS expression may occur across all cells,

and gene
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as NIS is located in the basolateral plasma membrane in
all tissues where it is expressed, except for enterocytes in
the small intestine, where NIS is confined to the apical
membrane (17,18). NIS localized in the basolateral
membrane transports iodide into the cell lumen, while
NIS localized in the apical membrane transports iodide
from the lumen into the cells. Interestingly, NIS is
regulated differently in each of these tissues. Currently,
apical expression of NIS in the small intestine epithelium
has only been demonstrated in rodents (17).

Based on these considerations, the aim of our
study was to follow the distribution of radioiodine in
the human body by using whole-body single-photon
emission computed tomography (SPECT) imaging and
correlate the findings with NIS immunohistochemistry
in  human that
We were particularly interested in evaluating NIS
expression in the human small intestinal epithelium
and understanding the possible role of NIS in iodide
absorption and recirculation.

tissues accumulate radioiodine.

MATERIALS AND METHODS

NIS can be considered a master molecule of
iodine metabolism. We studied the polarized NIS
expression in tissues that accumulate iodide by using
immunohistochemistry and a polyclonal antibody against
the C-terminal end of NIS. Notably, NIS is expressed in
the basolateral membrane of epithelial cells from salivary
glands, thyroid, and stomach, while in the intestinal
epithelium, the expression of NIS occurs in the apical
membrane. NIS is regulated differently in each of these
tissues and is responsible for iodide absorption from
the intestine. Some of the absorbed iodide undergoes
organification in the thyroid. In the gastrointestinal lumen,
iodine is secreted via NIS into the stomach and salivary
glands and is again absorbed via NIS in the small intestine.
The role of this recirculating mechanism of iodine in the
gastrointestinal system remains unclear. Iodine is finally
excreted by the kidney via glomerular filtration.

In the present study, we performed immunohisto-
chemistry of NIS using paraffin-embedded samples.

This study was approved in 2020 by the local ethics
committee of the National Institute of Oncology in
Hungary.

Imaging

Radioiodine distribution in the human body was
evaluated using planar whole-body imaging after =

=
g



by iodide and that high iodide concentration decreases
the intestinal transport of this ion (17,23).

In this study, we used immunohistochemistry to
show apical NIS expression in enterocytes for the first
time in the human small intestine. The findings of our
study corroborate the previous work by Nicola and
cols., which was performed in rodents (22).

Studies of human samples are limited by availability
and tissue autodigestion, and thus we could not
evaluate NIS expression in the small intestine. Our
samples, obtained from the duodenum, showed
apical NIS expression in the enterocytes. It is difficult
to study the regulation of expression and polarized
plasma membrane targeting enteric NIS expression in
humans. Martin and cols. reported the presence of a
highly conserved monoleucine-based sorting signal
in the NIS carboxy-terminus, which is responsible for
basolateral plasma membrane targeting in polarized
canine kidney epithelial (MDCK) cells. Disrupting this
basolateral sorting signal results in apical targeting of
NIS protein in epithelial cells. This determinant must
be recognized by sorting machinery that is cell-specific
and characterized by distinct adaptor proteins.

Very little is known currently about NIS-expressing
tissues regarding the presence, function, and regulation
of cell-specific factors that interact with and determine
the polarized targeting of NIS in the plasma membrane
(18,24). In the human body, polarized NIS expression
may occur in the basolateral membrane (thyroid,
salivary gland, stomach) or apical membrane (small
intestine). This distribution ensures that the iodide
absorbed in the small intestine accumulates in the
thyroid and is secreted into the gastric lumen. Iodide
is then reabsorbed in the small intestine to be finally
removed from circulation to the urine through
glomerular filtration (Figure 3).

In conclusion, iodine and TSH are the two main
factors regulating thyroidal iodide transport, in which
the transport is stimulated by TSH and decreased by
iodine (3-5). Hence, TSH stimulation and iodine
depletion are the two most important modulators
routinely used to optimize radioiodine treatment in
metastatic thyroid carcinoma.

Both tissue-specific and polarized
NIS expression determine the distribution of iodide
in the human body. As an anion, absorbed iodide is
quickly filtered from the circulation by the kidney into
the urine. Gastrointestinal recirculation can lead to
prolonged plasma retention of iodide, thus resulting

expression
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Figure 3. Schematic representation of iodine metabolism. lodide
distribution in the human body is regulated by tissue-specific polarized
(basolateral or apical) plasma membrane expression of human sodium
iodide transporter (NIS) in epithelial cells. Blue arrows: NIS expressed in
the basolateral membrane in epithelial cells transporting iodide into the
saliva, gastric juice, and thyroid cells, where it is covalently bound to the
tyrosyl residues of thyroglobulin. Red arrows: NIS expressed in the apical
membrane in the epithelial cells of the duodenal mucosa transporting
iodide from the intestinal lumen to the bloodstream.

in higher iodide availability and accumulation into the
thyroid. NIS is the first theranostic molecule ever used,
as it is used in thyroid imaging, as a reporter gene in
gene therapy, and in radioiodine treatment of metastatic
thyroid cancer. Manipulating intestinal recirculation
of iodide can optimize radioiodine availability in the
bloodstream for NIS-mediated targeted radiotherapy
and reporter imaging.
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RESULTS

Routine planar imaging during whole-body radioiodine
distribution showed an accumulation ofiodide (via NIS)
in the stomach, salivary glands, and gastrointestinal
lumen. Todine dissolved in the gastric juice progresses
to the duodenal lumen and is absorbed via NIS in the
small intestine, in a similar process described in rodents.
No significant radioiodine accumulation was observed
in the distal part of the small intestine or in the colon.
In the circulation, iodide is trapped by the thyroid
(when this gland is present) or finally excreted by the
kidney through glomerular filtration (Figure 2).

The results of NIS immunohistochemistry showed
the localization of the NIS protein in the basolateral
membrane in epithelial cells from salivary glands,
thyroid, and stomach and in the apical membrane in
epithelial cells from the small intestine (Figure 2).

The images showing the distribution of radioiodine
correlated well with NIS polarized expression. The NIS
expressed in the apical membrane was responsible for
iodide absorption from the intestine. In the stomach
and salivary glands, iodide was secreted into the lumen
by NIS expressed in the basolateral membrane; then,
in the small intestine, iodide circulated back to the
bloodstream via apical NIS (Figure 2).

The master role of NIS expression

DISCUSSION

We have correlated the im vivo distribution of
radioiodine in the human body and the polarized
NIS expression using immunohistochemistry in
iodide accumulating organs. Iodine is a trace mineral
in the environment and is ingested by humans via
food. Because of its scarcity, iodine must be absorbed
through a very specific and efficient mechanism. Iodide
anions are quickly filtered from the bloodstream by the
kidney and excreted via urine. Iodide is also “trapped”
by the thyroid, it is transported by NIS into thyrocytes,
where it is covalently bound to the tyrosyl residues
of thyroglobulin. NIS is highly specific and efficient
in accumulating iodide into thyroid cells, but iodide
is also quickly cleared from circulation by glomerular
filtration. Thus, it is critical that iodide remains in
circulation for a sufficiently long time (17,21).

Nicola and cols. were the first authors to demonstrate
NIS expression across the entire length of the small
intestine in rodents (22). The authors analyzed the
segment from the duodenum to the ileum and found
that NIS is located in the apical surface of small
intestine enterocytes where it mediates intestinal iodide
absorption. They also reported that — similar to NIS
expressed in the thyroid — enteral NIS is autoregulated

Figure 2. Sodium iodide transporter (NIS) immunohistochemistry. Black arrows show basolateral membrane staining indicating iodide accumulated in the
follicular epithelium in the thyroid gland (top left); basolateral membrane staining indicating iodine excreted by epithelial cells in salivary gland acini (top
middle) and in the gastric mucosa (top right). Apical membrane staining of the epithelial lining on the surface of duodenal villi responsible for iodide
absorption (bottom left: cross-sectional, bottom right: longitudinal plane; NIS immunohistochemistry, 40x magnification).
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therapeutic administration of radioiodine-131 in
patients who had undergone thyroidectomy for
cancer. Post-therapeutic whole-body scan is routinely
performed in anterior and posterior images (Figure 1).

A whole-body scanner was used to image the
distribution of radioiodine-131 across the entire body.
In the case of radioiodine-131, a high-energy collimator
(up to 450 keV) was used with a scanning speed of
12 cm/min and a window setting of 364 keV + 15%.
Counts were obtained from the regions of interest over
the entire body and thyroid in anterior and posterior
images. Geometric averages for anterior and posterior
counts were used. The counts were calibrated to the
counts at time ¢ < 60 min before any voiding.

NIS immunohistochemistry

The local Institutional Review Board of the National
Institute of Oncology reviewed and approved the

I/A

Figure 1. Planar images of post-therapeutic radioiodine-131 distribution in a patient who had undergone thyroidectomy due to thyroid cancer. The images £
were obtained 72 hours after the therapeutic administration of radioiodine-131. (1) Salivary gland, iodide is transported into the saliva; (2) thyroid remnant, =

The master role of NIS expression

immunohistochemistry examination of stored paraffin-
embedded tissues. Human NIS (hNIS) polarized
expression was studied in iodide accumulating tissues
by immunohistochemistry using a polyclonal antibody
against the C-terminal end of hNIS (6,11), as
previously described (16,19,20). Briefly, 5-pm sections
were sliced from stored surgical blocks of iodide
accumulating tissues obtained from the thyroid, salivary
gland, stomach, and small intestine. All slides were
deparaftinated, rehydrated, and subjected to antigen
retrieval. Endogenous peroxidase activity and biotin
activity were blocked using a commercial blocking
system (Ventana Medical Systems, Tucson, AZ, USA).
Sections were stained using anti-hNIS rabbit polyclonal
antibody (1 png/mLin 1:4000 dilution) directed against
the C-terminal end (a generous gift from Dr. Nancy
Carrasco) using a commercial immunohistochemistry
kit (Ventana Medical Systems). All slides
counterstained with hematoxylin.

were

iodide is trapped in the thyroid gland; (3) stomach, iodide is transported into the gastric juice; (4) iodide, as an anion, undergoes glomerular filtration into
the urine in the bladder; (5) from the stomach, the gastric juice progress to the small intestine, where iodide is reabsorbed from the intestinal lumen and

transported to the bloodstream.

Arch Endocrinol Metab.

107



IS - methodology, manuscript preparation. ET — manuscript
revision, final approval of the version to be published. OD —
contribution to the conception of the study design, methodology,
manuscript preparation.

Disclosure: no potential conflict of interest relevant to this article
was reported.

REFERENCES

1

Seidlin SM. Radioactive iodine therapy: effect on functioning
metastases of adenocarcinoma of the thyroid. J Am Med Assoc.
1946;132(14):838.

Borges de Souza P, McCabe CJ. Radioiodine treatment:
an historical and future perspective. Endocr Relat Cancer.
2021;28(10):T121-4.

Dai G, Levy O, Carrasco N. Cloning and characterization of the
thyroid iodide transporter. Nature. 1996;379(6564):458-60.

De LaVieja A, Dohan O, Levy O, Carrasco N. Molecular analysis of
the sodium/iodide symporter: impact on thyroid and extrathyroid
pathophysiology. Physiol Rev. 2000;80(3):1083-105.

Dohan O, De laVieja A, ParoderV, Riedel C, Artani M, Reed M, et al.
The sodium/iodide symporter (NIS): characterization, regulation,
and medical significance. Endocr Rev. 2003;24(1):48-77.

Levy O, Dai G, Riedel C, Ginter CS, Paul EM, Lebowitz AN,
et al. Characterization of the thyroid Na+/l- symporter with
an anti-COOH terminus antibody. Proc Natl Acad Sci U S A.
1997,94(11):56568-73.

Levy O, De la Vieja A, Ginter CS, Riedel C, Dai G, Carrasco N.
N-linked glycosylation of the thyroid Na+/I- symporter (NIS).
Implications for its secondary structure model. J Biol Chem.
1998;273(35):22657-63.

Ravera S, Reyna-Neyra A, Ferrandino G, Amzel LM, Carrasco
N. The sodium/iodide symporter (NIS): molecular physiology
and preclinical and clinical applications. Annu Rev Physiol.
2017;79:261-89.

Eskandari S, Loo DD, Dai G, Levy O, Wright EM, Carrasco N.
Thyroid Na+/I- symporter. Mechanism, stoichiometry, and
specificity. J Biol Chem. 1997;272(43):27230-8.

. Paroder-Belenitsky M, Maestas MJ, Dohan O, Nicola JP, Reyna-

Neyra A, Follenzi A, et al. Mechanism of anion selectivity and
stoichiometry of the Na+/I- symporter (NIS). Proc Natl Acad Sci U
S A. 2011;108(44):17933-8.

Tazebay UH, Wapnir IL, Levy O, Dohan O, Zuckier LS, Zhao QH,
et al. The mammary gland iodide transporter is expressed during
lactation and in breast cancer. Nat Med. 2000;6(8):871-8.

Arch Endocrinol Metab.

108

20.

21.

22.

23.

24,

The master role of NIS expression

. Dohan O, Carrasco N. Thyroidal iodide transport and thyroid

cancer. Cancer Treat Res. 2004;122:221-36.

. Ferreira ACF, Lima LP, Araujo RL, Miiller G, Rocha RP, Rosenthal D,

et al. Rapid regulation of thyroid sodium-iodide symporter activity
by thyrotrophin and iodine. J Endocrinol. 2005;184(1):69-76.

. Spitzweg C, Nelson PJ, Wagner E, Bartenstein P, Weber WA,

Schwaiger M, et al. The sodium iodide symporter (NIS): novel
applications for radionuclide imaging and treatment. Endocr
Relat Cancer. 2021;28(10):T193-213.

. Mayson SE, Chan CM, Haugen BR. Tailoring the approach to

radioactive iodine treatment in thyroid cancer. Endocr Relat
Cancer. 2021;28(10):T125-40.

. Wapnir IL, van de Rijn M, Nowels K, Amenta PS, Walton K,

Montgomery K, et al. Immunohistochemical profile of the sodium/
iodide symporter in thyroid, breast, and other carcinomas using
high density tissue microarrays and conventional sections. J Clin
Endocrinol Metab. 2003;88(4):1880-8.

Nicola JP, Carrasco N, Masini-Repiso AM. Dietary I(-) absorption:
expression and regulation of the Na(+)/I(-) symporter in the
intestine. Vitam Horm. 2015;98:1-31.

. Martin M, Modenutti CP, Peyret V, Geysels RC, Darrouzet E,

Pourcher T, et al. A carboxy-terminal monoleucine-based motif
participates in the basolateral targeting of the Na+/I- symporter.
Endocrinology. 2019;160(1):156-68.

. Dohéan O, Baloch Z, Banrévi Z, Livolsi V, Carrasco N. Rapid

communication: predominant intracellular overexpression of the
Na(+)/I(-) symporter (NIS) in a large sampling of thyroid cancer
cases. J Clin Endocrinol Metab. 2001;86(6):2697-700.

Altorjay A, Dohan O, Szilagyi A, Paroder M, Wapnir IL, Carrasco N.
Expression of the Na+/I- symporter (NIS) is markedly decreased
or absent in gastric cancer and intestinal metaplastic mucosa of
Barrett esophagus. BMC Cancer. 2007;7:5.

Portulano C, Paroder-Belenitsky M, Carrasco N. The Na+/I-
symporter (NIS): mechanism and medical impact. Endocr Rev.
2014;35(1):106-49.

Nicola JP, Basquin C, Portulano C, Reyna-Neyra A, Paroder M,
Carrasco N.The Na+/l- symporter mediates active iodide uptake
in the intestine. Am J Physiol Cell Physiol. 2009;296(4):C654-62.
Nicola JP, Reyna-Neyra A, Carrasco N, Masini-Repiso AM. Dietary
iodide controls its own absorption through post-transcriptional
regulation of the intestinal Na+/l- symporter. J Physiol.
2012;590(23):6013-26.

Martin M, Salleron L, PeyretV, Geysels RC, Darrouzet E, Lindenthal
S, etal.The PDZ protein SCRIB regulates sodium/iodide symporter
(NIS) expression at the basolateral plasma membrane. FASEB J
Off Publ Fed Am Soc Exp Biol. 2021;35(8):21681.




Acknowledgement

Thank you to my supervisor, Orsolya Dohan, who has been helping and supporting me

achieving my degree.
Thank you to my entire family.
Thank you to Orsolya Huszér, who is my best friend and who encourages me

To my aunt Prof. Aranka Laszlo, whom I promised to have a PhD degree, and who the
most proud would be, who received first the title of professor amongst women

paediatricians

To my pathologist colleagues Erika Téth, Ilona Péter, Andrés Slezék for their generous

helps
To Georgina Frohlich who prepared the statistical analysis
To Andras Boér who taught me the basics of thyroid surgery

To Angkoon Anuwong and Paul Jitpratoom who assisted me the first TOETVA cases

109



