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ABSTRACT

The use of radicactive isotopes in the diagnosis and treatment of thyroid cancer is now an integral part of modern
nuelear medicine. Gamma-emitting isotopes such as technetivm-99m and iodine-123 serve as the main diagnostic
imaging weapon enabling great sensitivity and specificity, non-invasive functional visualization of thyroid
physiology and disease. lodine-131 is the dominant therapentic isotope, emitting cytotoxic beta radiation for the
treatment of metastatic differentiated thyroid cancer and thyroid remnant ablation. The effectiveness of radioactive
iodine treatment is dependent on various factors including sedium-iodide symporter expression as well as
dosimetry methods seeking to maximize absorbed dosages whilst simultaneously achieving suceessful treatment
alongside minimizing non-target organ toxicity., Molecular radiotheragnostics and personalized dosimetry
methods are slowly entering the clinical routine and will ensure higher diagnostic power and treatment efficacy
in the future. Radioiodine-refractory thyroid cancers have long been challenging to manage, warranting novel
approaches to integrate molecular biology, targeted therapies and immunotherapy. The changing context of
radionuclide use in thyroid care highlights the necessity of muliidisciplinary approaches, which promise 1o
increase patient outcomes and the management of thyroid cancer.
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INTRODUCTION

The applicalion of radioisotopes in medicine is a significant milestone for imaging and therapeutic purposes, The
field has progressed a lot given that nmatural radioactivity was uncovered by Henri Becquerel in 1896, then
radicactive components similar to radium and polonium had been set aside by Marie Curie. In the 1930s, the
synthesis of artificial radioisotopes yvielded a means of controlled medical use of radiation. Post World War-11 era,
the field of radioisotopes burgeoned in the diagnosis and treatment of diseases from iodine-131 for the treatment
of thyroid disease to what has become the mainstay of contemporary auclear medicine [-2]
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Historical Development

The heart of nuclear medicine is fundamentally the dual role of radicizsotopes for diagnosis and therapy. Gamma-
emitting izotopes like technetinm-99m (99mTc), iodine-123 (1231), and fluorine-18 (18F) are predominantly vsed
for diagnostic applications of radiotracers. They are then integrated into radiopharmaceuticals with the capability
of noninvasively visuvalizing biclogical functions with high zensitivity and specificity. One of the most common
and well-known use of “09mTc iz its application in single-photon emission computed tomography (SPECT)
imaging of cardiac perfusion, bone pathology, and tumor localization. Stable Longer Delivery of 18F-FIB-V
Which iz Crueial for PET(positron emission tomography) Based on 18F-Labeled Compound Such as
flucrodeoxyglucose(FDG): standard oncological, neurological and cardiological evaluating PET imaging agent [

3

Radioisotopes

Fadicisotopes are unstable isotopes of elements that emit radiation as they decay to stable forms. Their unigune
radicactive properties allow them to be used as tracers, therapeutic agents, and sources of radiation across a variety
of fields, most notably in medicine, as shown in Figure (1), industry, agriculture, and scientific research.
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Figure 1: List of the medical radicactive elements in the periodic table. Elements that emit radiation are
called radionuclidest.

Radioisotope Tracers

A radioactive tracer, or radiotracer, radioactive label [ or radioisotope label, iz a substance (specifically a

compound) that can be tracked through chemical and physical processes by its radicactivity. Such a radiclabeled
compound emanates radiation out of the body, which is vsvally in the form of gamma rays, and can be picked up
with an imaging equipment. This emission facilitates quantitative evaluation and non-invasive vispalization of
physiological, biochemical, or molecular life processes in vivo via the tracer [,
Eadioisotope tracers are a fundamental game changer in nuclear medicine, since they enable highly fonctional
imaging; more detail than that available from classical anatomical imaging. As an example a large volume of
single-photon emission computed tomography (SPECT) nses technetium-99m ("09mTe) labeled compounds for
the assessment of primary tumor localization, bone metabolism, and coronary perfusion [ Positron Emission
Tomography-Computed Tomography (PET/CT): A tracer tagged with positron emitting izotopes (fluorine-18) In
oncology, “18F-flucrodecxyglucoze (FDG) iz a2 widely-used tracer to detect cancer metabolism and monitor
treatment response. [ 4]

Depending on the target organ and physiological process being studied, tracers are given orally, by injection, or
by inhalation in clinical diagnostics. The radiotracer provides accurate functional information on blood flow,
receptor binding, metabolism, or cellular activity by selectively distributing inside the body based on the biological
characteristics of the labeled molecule. Many radioisotopes have short physical half-lives, which reduce radiation
exposure to patients and enable quick imaging procedures ™4,
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In additien to medical imaging, tracers are used in therapy. where radicactive isotopes provide diseased tissues
with cytotoxic radiation. One example of this is the treatment of thyroid disorders using iodine-131.  Their
versatility across scientific disciplines is demonstrated by their use in studies ranging from environmental tracing
and industrial process monitoring to biochemical pathway elucidation 31,

The radicactive isolope is bound to physiologically active molecules that preferentially aggregate in particular
organs or tissues in order to create radiotracers. This targeting power allows for early illness diagnosis before
anatomical alterations become noticeable and improves diagnostic specificity. Analogs of glucose labeled with
~1 BF, for example, enable the monitoring of metabolic rates in malignant tissues, whereas molecules labeled with
~99mTe track bone metabolism and cardiac perfusion 151,

When emploving tracers, zafety and effectiveness are crucial factorz. Most radiotracers have short physical half-
lives to minimize radiation exposure while providing sutficient time for diagnostic imaging. Doses are caretully
controlled to balance image quality and patient safety. It is necessary to choose a tracer based on the following
selection criteria;

- Type of radiation emitted: alpha particle, beta particle, or gamma ray.
- Half-life of the radionuclide.

- Energy of the emitted radiation.

- Optimization of the activity injected (%71,

Anatomy of the Thyreid Gland

The name Thyroid Gland dates back to 1543, when Vesalius first introduced the term. Out of ignorance he
called it Glandulare laryngis, because he believed this gland lubricated the larynx. The term thyroid originates
from the Greek word “Thyreos™ which means shield. This term was first coined by Thomas Wharton in 1656 &,

The thyroid gland is a highly vascularized endocrine gland located in the neck, stretching from C5 o T1,
brownish-red in color and pseudo-lobulated at awtopsy. Its structure shaped like a butterfly or an "H" ™. Each
left and right lateral lobe of the thyroid gland exhibit an inferior and superior pole. In adults, each thyroid lob is
about 4 ¢cm long and the mean weight of the thyroid gland is 15-25 grams (somewhat higher in females) ¥ This
15 accompanied by a midline isthmuos, a narrow connection of thyroid tissue generally traveling over the 2nd, 3rd
and 4th tracheal rings. The isthmus is typically 2 cm wide and high and 2-6 mm thick * '""]. It is surrounded by a
fibrous capsule, which extends inwards into the gland as septae, dividing it into lobules. This capsule also makes
ligaments that bind the gland to adjacent structures as shown in Figure (2).

On the microscopic level the thyroid is made up of thyroid follicles, which are globular structures consisting of
colloid, filled predominantly by thyroglobulin, the thyroid hormones (TH) precursor in the T3 (triiodothyronine)
and T4 (thyroxine) biosynthetic pathway. These follicles are lined with follicular cells {thyrocytes) which
syhthesize and secrete them in response to thyroid-stimulating hormone (TSH) stimulation. C-cells, more
appropriately referred to as parafollicular cells, are responsible for the production of caleitonin, a hormone that is
involved in calcium homeostasis ' "1, Thyroid is highly vascularized structure; blood supply originates mainly
from superior thyroid artery, The branches of arteriovenous fistula shunt are branches from external carotid artery,
and inferior thyroid artery arizes from thyrocervical trunk of subclavian artery. These arteries supply enough
perfusion to keep metabolic activities running & 1]
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Figure 2: Anatomy of thyroid gland [

Regulatory Mechanisms
The secretion of T3 and T4 is regulated by a feedback loop invelving:
- Hypothalamus: Releases thyrotropin-releasing hormone { TRH).
- Anterior Pituitary Gland: Releases TSH in response to TRH.
=  Thyroid Gland: Secretes T3 and T4; elevated levels inhibit TRH and TSH secretion to maintain
homeostasis [,
Functions of Thyreid Hormones
Thyroid hormones play a vital role in various physiological functions:

® Metabolism: They regulate basal metabolic rate (BMR). influencing carbohydrate, fat. and protein
metabolism [,

®  Growth and Development: Crucial for healthy growth, especially in voungsters, impacting organ maturation
and skeletal development 141,
Thermoregulation: Use thermogenesis processes to help maintain body temperature ™,

Cardiovascular Function: By improving the sensitivity of f-adrenergic receptors in cardiac tissues, one can
raise heart rate and cardiac output P,

Pathophysiology
MNumerous disorders can result from thyroid gland dystunction, including:

I-  Hypothyroidism: The symptoms of hypothyroidism include bradyeardia, weight gain, weariness,
and cold sensitivity, 1t is characterized by insufficient hormone production. It frequently arises from
autoimmune conditions such as iodine insufficiency or Hashimota's thyroiditis 1%,

2-  Hyperthyroidism: Overproduction of hormones can result in palpitations, anxiety, heat sensitivity,
and weight loss. Common causes include illnesses like Graves' disease 31,

Roles of lodine in Thyroid Gland

The most imporiant contribution of iodine to human physiology is its participation in the synthesis by the thyroid
gland of the thyroid hormones. Biological significance of iodine is due to its mcorporation into the hormone
thyroxin (T4) and triiodothyronine (T3) which regulate growth, development and the basal metabolism rate. lodine
is absorbed into the thyroid follicular cells by active transport via the sodium/iodine symporter (NIS). lodine is
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then oxidized and organified within thyroeytes by the action of thyroid peroxidase (TPO), allowing its
incorporation into the tyrosine residues of the thyroglobulin molecule. Iodinated tyrosines are coupled to make
T4 and T3, which are stored in the colloid and released into circulation to mediate systemic metabolic effects ['&
Ul Apart from its classical role in thyroid hormone synthesis, iodine exhibits strong antioxidant properties, acting
as a reactive oxygen species (ROS) scavenger and thereby providing cellular protection. Moreover, apart from its
role in thyroid hormone biosynthesis iodine has broader physiological relevance due to its bactericidal antiviral
and antifingal properties. It i3 alzo the case that various other human cancer cell lines suggest these extrathyroidal
roles pertain to anti-cancer effects as well. Although thyroid gland vniquely accomulates iodine and uses it to
synthezize thyroid hormones, iodine iz also found in a large number of other tissues including breast, placenta,
and the gastrointestinal tract a1 suggesting that there could be multiple physiological roles of iodine.

Thyroid hormones that are synthesized from iodine are essential, especially during fetal life, infancy, and
childhood, and they regulate important processes such as nevral differentiation, myelination, gene expression, and
growth. Iodine deficiency impacts normal thyroid hormone biosynthesis, which contributes to a wide spectrum of
disorders like goiter, hypothyroidism impaired neurocognitive development, and greater risk for adverse
pregnancy outcomes. On the other hand, an excess of iodine can trigger thyroid dysfunction, such as autoimmune

thyrodditiz and hyperthyroidism_which underscores the narrow physiological range for an optimal iodine intake
[17.1921]

Radionuclides for Thyroid Gland

By taking advantage of the thyroid's only physiologic property of collecting iodine and other elements,
radionuclides make it a central component of the diagnosis and treatment of thyroid disorders. Table (1) shows
the main radionuclides used in nuclear medicine for thyroid imaging and therapy, which include technetinm-99m
("99mTe) pertechnetate and radicisotopes of iodine, such as Iodine-123 (*1231) and Todine-131 (*1311) 3] A
a result of itz excellent imaging characteristics and gamma emiszsion, "09mTc pertechnetate iz a preferred
radiopharmaceutical in thyroid scintigraphy, allowing thyroid function, nodularity, and differentiation of lesions
to be obtained with a minimum radiation dose €] #1231 is a short-lived gamma emitter; creating a clear thyroid
vispalization with a dose of radiation significantly lower than that of “1311, and is therefore implemented in
diagnostics P71 ~1311 is the beta and gamma emitter workhorse for ablation of remnant thyroid tissue and
differentiated thyroid cancer metastases (diagnostic and therapeutic at the same time) [Pl Over the vears,
radiciodine therapy for differentiated thyroid cancer has seen its application modified these last years, with
relevant modifications in guidelines and clinical trials to assure its optimal use with the minimal side effect [Z] In
particular, the ongoing advancements in radiopharmaceunticals as well as imaging modalites promote timely
management of thyroid dizease in a patient-centered way, ultimately increasing diagnostic and therapeuntic
precizion in modern nuclear medicine.

Table 1: Main radioactive isotopes used in diagnosis and treatment thyroid gland '

Isotope  Application Half-life Main Radiation Emitted Academic Source
| Imaging =13 hourz  Gamma (1359 keV) [22].
131y Therapy. i Beta (606 keV), [3}:
Imaging ke Gamma (364 keV)
ging [24].
e Imaging = 6 hours Gamma {140 keV) [23]

Protocols of Radiation Dose for Thyroid Treatment

RAT therapy dosing protocols depend on risk of disease. goals of treatment and some patient-specific
characteristics. These treatment doses are often expressed in GBq or millicuries of radioiodine (1%

Fecent meta-analyses have documented a solid dose-response relationship between the effective radiation
absorbed dose to the thyroid gland and the result of therapy for both Graves' diseaze and functional thyroid
nodules. The quotiant of reaching enthyroidism potentiates with inereased radiation absorbed dose reaching a
platean between 120-180 Gy (equivalent to 1218 Gy fractions) whereas 128 Gy appears to be optimal for
achieving the euthyroid dosage exerting a high hypo-secretory efficacy with minimal risk for hypothyroidism.
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While the standard dosing aims between 370 and 335 MBq, personal dosimetry to personalize absorbed doszes to
improve the treatment by avoiding under- or over-treatment has been shown to be beneficial 21

For example, risk stratification by clinical gnidelines such as the ATA defines risk categories for differentiated
thyroid cancer, which guide BEAT dosing. Femnant ablation i3 applied with doses usually between 1.1 10 3.7 GBq
{30100 mCi) in low-risk patients, whilst for intermediate or high-risk patients the doses range from 1.1 to 5.5
GBq (30-150 mCi) for adjuvant therapy. In this sefting. high-rizk patients with active dizease might need 3.7 to
7.4 GBg (100-200 mCi) or dosimetry-bazed doszes. In comparizon, low doses and high doses differ in terms of
clinical predicate; low doses P % are selected on the basis of age, tumor characteristics, and postoperative
thyroglobulin levels [Z]

Approaches to dosimetry in BAT therapy fulfil two roles: an "as high as safely administrable” (AHASA) method,
which restricts organ radiation doses, and an "as low as reasonably achievable” (AL ARA) method, which focuses
on giving the therapeutic dose to thyroid tissue or metastases whilst sparing the rest of the body from vnnecessary
exposure. While personalized dosimetry is of particular importance in patients who are pediatrics, elderly, or
metastasizing, many centers still opt for simpler fix-dose regimens due to ease of use &1 Research efforts are
ongoing to develop the best personalized treatments for TH before end-organ damage occurs by incorporating
disease-specific factors such as thyroid volume and half-life of radiation absorbed dose rate into patient-tailored
treatment planning minimizing adverse effects of therapy such az lifelong hypothyroidism or secondary
malignancies [ 2],

Radionuclides Uptake in the Thyroid: Mechanisms and Clinical Applications

Mechanism of Radionuclide Uptake in Thyroid Gland

This vptake mechanizm iz mainly provided by the NIS, an integral membrane glycoprotein located at the
bazolateral membrane of the thyroid follicular cell. WIS facilitates the active transport of iodide 1ons against the
concentration gradient from the bloodstream to the thyroid cells, in which two sodium ions are transported together
with 1 iodide ion using the sodivm gradient that is maintained by Na-E-ATPaze. It selectively concentrates iodine
op to 30 folds compared to plasma levels allowing for the efficient biosynthesis of thyroid hormone B

The WIS i3 expressed and translocated to the membrane under the regulation of the thyroid-stimulating hormone
{TSH), which controls iodide uptake. In pathological states, NIS functions and expression are modified affecting
the uptake of radionuclides. In differentiated thyroid cancer refractory to radiciodine (RAT) treatment, increased
endocytosiz and decreazed membrane targeting of NIS are some of the mechanizms for reduced uptake of
radionuclides. Chloroquine, a pharmacological agent that inhibits endocytosis, has been demonstrated to promote
NIS retention at the membrane and increasze AT uptake in preclinical modelz of radioicdine-refractory thyroid
cancer %]

Clinical Uses of Radionuclide Uptake in Thyroid Disease

Thyroid radionuclide uptake iz a test using isotopes like radicactive iodine-131 (I-131), iodine-123 (I-123), or
technetium-0%m pertechnetate to assess the funetion of the thyroid gland. The radicactive iodine uptalee (BATL
test simply describes the amount of vocation of radionuclide up to thyroid gland within certain period (usually 4-
6 and 24 hours after vocation) 931

RAIU is employved primarily for:

-Differentiation of canses of hyperthyroidizm include Graves' disease, toxic nodular godter. and thyroiditis.
18F-FDG-PET/CT: optimizing I-131 dozing for hyperthyroidism freatment.

—Evaluation of thyroid nodules to distinguish “hot’ (fonctioning) from ‘cold’ (nonfunctioning) nodules (with a
higher rizk of being malignant if cold) B2

Eadionuclide capture also has a zignificant role in the management of thyroid cancer, be it in detecting residual
or metastatic dizease or assessing therapeutic response following a thyroidectomy. RTDCs continue as a major
area of research, with new agents and approach involving either restoring or increasing radionuclide retention into
the tumors B3]

Factors Influencing Radionuclide Uptake
Radionuclide uptake in the thyroid gland iz determined by a series of physiclogical and pathological factors:
- T3H levels are major determinants of WIS expression & iodide uptake.
- lodine intake and body iodine stores can modulate uptake capacity.
- Some medications and radiclogical contrast agents can affect the uptake.
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- Disorders of thyroid function (such as hypothyroidism, thyroiditis, or thyroidectomy) alter radicnuclide
kinetics F'L

Thyroid Imaging Modalities
Ultrasonography (US) Most common imaging method and the most sensitive technique for the study of thyroid
nodules and other intrathyroid lesions. It vses high-frequency sound waves (7—13 MHz tranzducers) to generate
real-time images and high-rezolution morphological characterization without radiation exposure. To assess
cervical lymph nodes and to help differentiate benign from malignant nodules, Doppler ultrasound provides
additional pattern evaluation of the vascularity P41

Radionuchde Imaging:

Evaluation of the functional state of the thyroid gland in thyroid scintigraphy by uvsing isotopes Te-99m
pertechnetate. I-131 iodine, F-18 FDG, and gallium-67. Hot'warm/cold nodules are detected and play a vital role
in the assessment of thyroid cancer, such as in the monitoring of residual disease and metastazes. More recent
methods including SPECT and PET provide 3-dimensional functional imaging and the ability to fuse anatomical
and functional data, increasing sensitivity for visceral metastasis and recurrent cancer P41

Computed Tomography (CT) and Magnetic Resonance Imaging (MRI):

Its adjunctive role in evaluation of tsmor extension, large goiter, thyroid cancer staging, and for detection of
metastazes. CT is more sensitive for the detecticn of intrathyroidal caleifications than MRI, and malignant nodules
can be distinguizshed from benign nodules by diffusion-weighted imaging (DWI) of MEI. PET-CT and PET-MRI

are two cutting-edge assessment methods for cancer integrated into one 143,

Functional and Molecular Imaging

1= Thyroid Uptake and Scintigraphy

2o Determines radioactive iodine uptake, indicating thyroid functional capacity. and directing towards a
diagnosis of hyperthyroidism, thyroiditis or cancer 81,

3-  Ultrasound-Guided Fine Needle Aspiration (FNA): Biopsy of thyroid nodules with imaging to ensure
malignancy ™%,

Current and Future Aspects of Radionuclide Therapy for Thyroid Gland

Current radionuelide therapy (RNT) for thyroid gland cancer, mainly radioactive iodine (1-13 1) therapy, remains
a cornerstone of treatment for differentiated thyroid cancer (DTC) following thyroidectomy. Its current clinical
use has evolved from routine application to a more selective, risk-adapted, personalized approach based on tumor
biology and patient risk stratification.

The therapy's current aspeets include radioiodine ablation to destroy normal thyroid remnants in low-risk
patients to aid follow-up. Adjuvant therapy to eliminate suspected microscopic tumor tissues in low- and
intermediate-risk patients to reduce recurrence risk. Treatment of persistent or metastatic disease (o improve
survival and quality of life B*401,

Future directions in radionuclide therapy for thyroid cancer emphasize maolecular theranostics—integrating
molecular imaging and targeted radionuclide treatments tailored 1o individual tumor profiles, Advances in
molecular profiling, imaging technologies, and radisiodine refractory cancer management are enabling more
precise treatment, Novel targeted therapies, including kinase inhibitors {e.g., sorafenib, sunitinib) and agents
sensitizing tumors to radioactive iodine, are used for resistant cases. Research is also exploring the use of beta-
catenin modulation to enhance sodium iodide symporter function, improving radiviodine uptake #44,

Clinical trials with new drugs like larotrectinib for specific genetic alterations (NTRK fusion) are showing
promising outcomes, minimizing side effects compared to chemotherapy. Efforts continue to optimize dosing and
imaging protocols with software tools to simplity dosimetry and treatment planning for broader clinmcal adoption.
Owerall, the future lies in personalized, molecularly guided radionuclide therapies integrated with systemic
targeted treatments for complex thvroid cancer cases #1,

Clinical Limitations and Challenges of Current Radionuclide Therapy for Thyroid
Gland

Current radionuclide therapy for thyroid gland cancer faces several elinical limitations and challenges. A major
issue is radioiodine-refractory differentiated thyroid cancer, where tumor cells lose the sodium iodide symporter
{NIS) function, which reduces their ability to uptake radioactive iodine, leading to poor response to standard
radionuclide therapy and necessitating alternative treatments. The molecular heterogeneity and more aggressive
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thyreid cancer variants require personalized dosimetry and combination therapies to improve efficacy while
minimizing toxicity 411,

In clinical practice, internal dosimetry adds complexity and time, requiring sequential imaging for dose
quantification, which can be challenging for patients with advanced disease or limited maobility, The lengthy
imaging protocols, coordination for delayed scans, and data processing may delay treatment start, which is
problematic for fast-growing tumors. Moreover, the benefits of individualized dosimetry have not been
conclusively proven to outweigh these logistical and cost challenges in routine clinical use.

Radioactive iodine therapy. while effective for many thyroid cancer patients, can canse adverse effects such as
salivary gland damage. dry mouth, transient bone marrow suppression, and has associated long-term risks
including secondary malignancies. lts efficacy is sometimes hindered in high-risk or refractory cases, where
multiple treatment modalities including surgery, chemotherapy, targeted therapies, or external beam radiation may
be needed. There is ongoing research and software development to simplify dosimetry procedures and improve
treatment personalization 42,

CONCLUSION

Radienuclide therapy remains a vital and effective treatment modality for thyroid cancer, particularly
differentiated thyroid cancer, relying primarily on radicactive iodine (I-131) for therapeutic use, and gamma-
emitting isotopes such as technetium-99m and iodine-123 for precise diagnostic imaging. The review highlights
that treatment efficacy is strongly dependent on biological factors like sodium-iodide symporter expression and
advances in personalized dosimetry aimed at maximizing therapeutic doses while minimizing toxicity to non-
target organs. Challenges persist, especially in managing radiciodine-refractory thyroid cancers, which reguire
innovative approaches integrating molecular biology, targeted therapies, and immunotherapy. The review
underscores the promising role of molecular radiotheranostics, which combines diagnostic imaging and therapy
tailored to individual twmor profiles, enhancing precision medicine in thyroid cancer management, A
multidisciplinary approach encompassing nuclear medicine, endocrinology, molecular biology, oncology, and
radiology is essential to improve patient outcomes by optimizing diagnosis, treatment planning, and follow-up.
Future directions emphasize the development of novel radiopharmaceuticals, personalized dosimetry software,
and combination modalities to address refractory disease and reduce side effects.

ACKNOWLEDGMENT

I would like to sincerely thank the Iragi University, College of Education. Department of Physics. and Fallujah
University, College of Science, Department of Medical Physics, for granting us the opportunity to conduct this
research.

CONFLICTS OF INTEREST,

We (as authors) declare that there 15 no conflict of interest related to the publication of this research.

FUNDING

We (as authors) declare that our research article didn't receive any funding from any source. my university or
other institute,

ETHICS STATEMENTS
This research was conducted in accordance with established ethical standards and in compliance with the
research policies and academic ethics of the research institution.

REFERENCES
1. MeCready, B, G. Gnanasegaran, and JB. Bomanji, A history of radionoclide studies in the UK: 50th

anniversary of the British Nuclear Medicine Society. 2016: 9-18. https://dot.org/10.1007/978-3-319-28624-2

2 Zhang 8, Wang X, Gao X, Chen X, Li L, Li G, Lin C, Miac Y, Wang R & Hu K,
Eadiopharmaceuticals and their applications in medicine. Sig Transduct Target Ther., 2025, 10(1): 1-31.
hitps://doi.org/10.1038/241392-024-0204 1-6

38



J Pharm Drug Dev, Radioactive Isotopes in Thyroid Cancer Management

B Ehrhardt Jr, D). and 5. Gileg, A review of the history of radicactive iodine theranostics: the origin of
nuclear ontology. Mol Imaging Radionnel Ther, 2020. 29(3): 88-97
https:/‘doi.org/10.4274/mirt galenos 202083703

4. Eoyal L., Radioactive Tracers for Medical Diagnostics: A Nuclear Medicine Perspective. J Nucl Med
Radiat Ther, 2024. 15(1): p. 1-2.

3. Sharma R and E. Aboagye, Development of radiotracers for oncology—the interface with pharmacology.
Br. J. Pharmacol., 2011. 163(8): 1563-1585. https:/'doi.org/10.1111/.1476-5381.2010.01160.x

6. Fahey, FH., Alison B A Treves 5.T., GrantF. D., Nuclear medicine and radiation protection. J. Radiol.
Nuors., 2016, 33(1): 5-11. httpsz//doiorg/10.1016/.jradnn. 2015.12.003

T. Apgency, LA E_ Radiotracer Applications in Industry: A Guidebook. 2004: International Atomic Energy
Apgency.

g Thiagarajan, B., Anatomy of thyroid gland Surgeon's perspective. Online Journal of Otolaryngology,
2015.5.

Q. Arrangoiz, B Cordera, F., Caba, D, Muficz, M., Moreno, E., & de Ledn, E. L., Comprehensive review

of thyroid embryology, anatomy, histology, and physiology for surgeons. Int J Otorhinolaryngol Head Neck Suig.,
2018. 7(4): p. 160-188.

10. Benvenga, 5., Tuccari, G., Ieni, A & Vita, B, Thyroid gland: anatomy and physiclogy. Encyclopedia
of Endocrine Diseaszes, 2018 4: p. 382-390.

11. Fomitti M. and 8. Costagliola, Progress toward and challenges remaining for thyroid tissue regeneration.
Endocrinol., 2023, 164(10): p. bgad136.

12. Nilszon M. and H. Fagman Development of the thyroid gland. Development, 2017, 144(12): p. 2123
2140.

13 Beynon, ME. and K. Pinneri, An overview of the thyroid gland and thyroid-related deaths for the
forensic pathologist. Acad. Forensic Pathol , 2016. 6(2): p. 217-236.

14. Gregory A. Brent, M., Jorge H. Mestman, MD, Physiology and Tests of Thyroid Function. 2008.

15. Shahid, MA MA Ashraf and 8. Sharma_ Physiology, thyroid hormone. 2018,

16. Somenti, §_ Baldini E_ Piromi D, Lauro, A D°Orazi, V., Tartaglia F_, & Ulisse, 5, Iodine: Its role in
thyroid hormone biosynthesis and beyond. Nutrients, 2021 13(12): 4, 382-390

17 Guanarsdottir, I and A T.. Brantseter, Iodine: a scoping review for Nordic Nutrition Eecommendations
2023. Food Nutr Res., 2025 67(10369), 1-10. https://doi org/10.29219/fx v67.10369

18. Smyth, P.P., Narrative review: iodine—thyroidal and extrathyroidal actions. Ann. Thyroid., 2022;7(4):1-
12. https://doi.org/10.21037/a0t-21-28

19. Gong, B., Wang, X., Wang, C., Yang, W, Shan, £, & Lai, Y, Iodine-induced thyroid dysfunction: a
scientometric stdy and visualization analysis. Front. Endocrinol., 2023;1-12.
https://doi.org/10.3389/fendo. 2023.1230038

20. Ehudair, A Ehodair, A Nunoma S A Habib, H | & Butler, A E | From deficiency to excess: the
impact of iodine excess on reproductive health Front Endeerinol, 2023 160 p.  1-8.
hitps-//doi.org/10.3389/fendo 2025.1568059

39



J Pharm Drug Dev, Radioactive Isotopes in Thyroid Cancer Management

21. Anderszon, M. and C.P. Braegger, The role of iodine for thyroid function in lactating women and infants.
Endocr. Rev., 2022, 43(3): p. 469-506. https://doi.org/10.1210/endrev/bnabl29

22, Taprogge, I, Gape, P. M., Camnegie-Peake, L. Murray, I, Gear, J. I Leek F. & Flux, G. D__ A
zystematic review and meta-analysis of the relationship between the radiation absorbed dose to the thyroid and
response in patients treated with radioiodine for graves' disease. Thyroid, 2021, 31(12): p. 1820-1838.
hitps-//doi.org/10.1089/hy 2021.0302

23. Hong, CM. and B.-C. Ahn_Factors associated with dose determination of radicactive iodine therapy for
differentiated thyroid cancer. Nuclear Medicine and Molecular Imaging, 2018, 32(4): p. 247-233.
hitps://doi.org/10.1007/313139-015-0522-0

24, Saenko, V. and N. Mitsutake, Radiation-related thyroid cancer. Endoer. Rev., 2024, 45(1): p. 1-29.
https://doi1.org/10.1210/endrev/bnad022

23. Manzil F FP. and H. Kaur, Radiocactive Iodine Therapy for Thyroid Malignancies,. 2024, 1-12.

26. Mchammed, 5.1, The Uze of Technetinm-99m Radiocactive [zotope in The Diagnosiz and Treatment of
Thyroid Dizeazes: A Review. Al-Kitab J. Pure Sci., 2025. 9(01): p. 51-67_ https://doi.org/10.32441/kjp=.09.01 pd
27. Oh, S W Park S, Chonz, A Kim K. Bang J I Seo, Y, & Lee, 5. W., Nuclear Medicine Imaging
in Differentiated Thyroid Cancer: Summary of the Korean Thyroid Association Guidelines 2024 from Nuclear
Medicine Perspective, Part-I. Nuclear Medicine and Molecular Imaging, 2023, 59(1): p. 1-T.
https://do1.org/10.1007/313130-024-0088 5y

28. Yavoz, 5 and Y. Puckett Iodine-131 uptake study, 2023 1-6.

29 Gholami A Armaghan N Shirafkan H. Amiri M & Anijdan 5. H. M., Normal reference values for
Tc-99m pertechnetate thyroid uptake in northern Iranian population: A single-center experience. Casp. J. Intern.
Mhed. , 2024 15(3): 459-4635_ https://doiorg/10.22088/cjim 15 3 459

30. Igbal, A and A Rehman Thyroid uptake and scan. 2022.1-4.

31. Jaiswal, G., Grimes, M., Bononi, P., Vaghasia N, Khan_ 5 Andre K. & Alkbaddo, J., Usefulness of
Preradioactive Iodine Scans in  Thyroid Cancer. J  Eadoer Soe, 2023, 9(9): 1.5
https:/‘dod.org/10.1210/jendso/bvafl1 28

32 Meter, DA and M M. Kaplan Fadiciodine uptake and thyroid scintiscanning. Endoerinol. Metab. Clin.
N.Am_ 2001.30(2): p. 291-313. httpz://doiorg/10.1016/30889_8520(05)70188-2

33 Lechner, M.G. and G.A. Brent, A new twist on a claszic: enhanecing radioiodine vptake in advanced
thyroid cancer. Clin. Cancer Res_, 2024, 30(7): p. 1220-1222. https:/'doi.org/10.1158/1078-0432 CCR-23-3503
34, Chaudhary, V. and 5. Bano, Imaging of the thyroid: Recent advances. Indian J Endocrinol Metab, 2012,
16(3): p. 371-376. https://doi.org/10.4103/2230-8210.95674

35 Reading, C.C. and C.A. Gorman, Thyroid imaging technigues. Clin. Lab. Med. 1993 13(3): p. T11-724.
https://do1.org/10.1016/50272-2712(18)30435-9

36. Giovanella T Avram A M. Owiaricek P. P & Clere, I, Thyroid functional and molecular imaging.
Presse Med., 2022. 51{2): p. 1-18. https://doiorg/10.1016/.1pm 2022 104116

40



J Pharm Drug Dev, Radioactive Isotopes in Thyroid Cancer Management

3. Lee, Y.H. Baek ] H,Jung, 5. L. Kwak,J. Y _ EKim I H, & Shin J H. Ultrasound-guided fine needle
aspiration of thyroid nodules: a consensus statement by the Korean Society of Thyroid Badiclogy. Korean ]
Radiol, 2015. 16(2): p. 391-401. https:/'doi org/10.3348/4jr 2015.16.2.391

38. Lin, Q.. Ouyang L. Zhang 5. & Yang Y. Comparizon of the value of ultrasound-guided fine needle
aspiration biopsy and contrast-enhanced ultrazound in different sizes of thyroid nodules. Medicine, 2024 103(39):
1-7. httpz://doiorg/10.1097/WD 0000000000039843

39 Bahrami A Valizadeh, 5., Aghamohammadzadeh WN_, Najafipour, F., Halimi, M., Javad-Rashid. R, &
Houshyar, J., Consistency analysiz of vltrasound-guided fine-needle aspiration and histopathology results in
thyroid nodules. Immunopathol. Persa, 2022, 28(1):1-7. hitps:/'doi.org/10.34172/1pp. 2022 31350

40. Indra, B.. Qodir, N, Pramudhito, D., Legiran L., Hafy, Z., & Yusran A M. ., Effectiveness of
radiciodine therapy on preventing recurrence in differentiated thyroid carcinoma: a systematic review. J. Egypt.
Watl Canc. Inst. 2025. 37(1): 1-11. hitps://doiorg/10.1186/243046-025-00293 2

41. Sapienza, M.T. and J. Willegaignon Radionuclide therapy: current status and prospects for internal
dozimetry in individualized therapeutic planning. Clinics, 2019. 74:1-8. https:/doi.org/10.6061/clinics2019/e835
42. Gomez-Sdez, J M., Current and future perspectives in thyroid carcinoma treatment. Evur. Endocrinol.,
2013 9(1): 22-27_ https://doi org/10.17925/EE 2013 09.01.22

43. Guo, M., Sun, Y., Wei, Y., Xu, I, & Zhang, C., Advances in targeted therapy and biomarker research in
thyroid cancer. Front. Endocrinel., 2024, 15: 1-16. https://doiorg/10.3389/fende 20241372533

44, Lepareur, N, FEamée B.. Mougin-Degraef, M., & Bourgeoss. M., Clinical advances and perspectives in
targeted radionuclide therapy. Pharmaceutics, 2023. 15(6): 1-36. doi: 10.3390/pharmacentics15061733.

43. Shah. H. I, Buppell, E., Bokhari, R, Aland, P, Lele, V. B, Ge, C., & McIntosh, L. I, Current and
vpcoming radionuclide therapies in the direction of precizion oncology: A narrative review. Eur. J. Radiol. Open,

2023.10: 1-19. https://doi.org/10.1016/).ejr0.2023.100477

41



J Pharm Drug Dev, Radioactive Isotopes in Thyroid Cancer Management

A8 ) 38 (il e 38 B Andiall SAUEN gt AL Aaad g srSlall ) Gauds3l) e

doe daal LS aac damg Jean AL a0 Jale UK el gpa aa dal e el 0
B ml dhony Al pal Adall i A K Loy 5al) o]
Sl oz Al Lol g T LK eyl o
Gl cabany Al el Aol A Al 2K el 5l L83
Ll il A il il Al o L) 4K Al ey sl ot

AanAl)
sread A Za Sl AL ol Sual gl ol e Bl 12 e 38 a0 Saall o s p T pana T8 B R el ) lasiil gl
by ppeals o dx gy fadisn podi bea o aa Sl gt 5wl 0l jodine-123 5 technetinm-99m (b Lda 250
prafidy el sl e plad) jray mum o ¥l o Tl Rl 5 jodine-131 Wi Lpesl el 5 3 5ol saall La gl ol o 2
S e el Lpta fae el o aall agll 23 el a8 28 a0 saad) L all gl pmml) el 22 00 ssll e s 231
s s ) 8 s Sl gt Sl o e S5 ) e T e ol e e JARLYL 2
ot G et il e ol 5 5dens el ola S e Sl 3D g5k ciay A8l Sl jeead (e AW IS e

il 330 ae Sl Adle $pam 555 38 Jaay Lua g puall 3 g

i gall Lo glond) manl Sany palio gl ootil Los clgra (Jelatl 8 Gont piall 3ol S gladll 38 00 Suall it oo R LallLd
Bints malia plal 35, 0 a2 il Saslh s o Al el gl sty etall gleall 5 oliall Sl dpn pall ST
Al sl il g S gy el B sy 38 3 el

gl gt pucl) JELS (AE ) BRI Sl po spiall dgall chaial) B cdsalilall latsh

42



