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the diagnosis and treatment of diseases from iodine-131 for the treatment 

of thyroid disease to what has become the mainstay of contemporary nuclear medicine [1, 2].  

 

 
 

Journal of Pharmacology &Drug Development                                                                                           eISSN:  2958-6801      

How to cite Insert the title of your manuscript. Rasheed ZA, Ayyed HK, Raheem ZJ, Al-Salmani TA. From Diagnosis 

to Therapy: A Comprehensive Review on the Role of Radioactive Isotopes in Thyroid Cancer Management. J Pharm 

Drug Dev. 2025; Vol 3 (2):31-42. 

https://orcid.org/0009-0001-5393-5980
mailto:arzahra2012@gmail.com
https://orcid.org/0000-0001-9801-8185
mailto:%20hawraa.k.ayyed@aliraqia.edu.iq
https://orcid.org/0000-0001-8916-9272
mailto:%20zeanenaya@gmail.com
https://orcid.org/0009-0002-0309-3719
mailto:taaasalmani@uofallujah.edu.iq


J Pharm Drug Dev,                                                                              Radioactive Isotopes in Thyroid Cancer Management 

 
   

 
 

32 
 

Historical Development 
  The heart of nuclear medicine is fundamentally the dual role of radioisotopes for diagnosis and therapy. Gamma-

emitting isotopes like technetium-99m (99mTc), iodine-123 (123I), and fluorine-18 (18F) are predominantly used 

for diagnostic applications of radiotracers. They are then integrated into radiopharmaceuticals with the capability 

of noninvasively visualizing biological functions with high sensitivity and specificity. One of the most common 

and well-known use of ^99mTc is 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 is Crucial for PET(positron emission tomography) Based on 18F-Labeled Compound Such as 

fluorodeoxyglucose(FDG): standard oncological, neurological and cardiological evaluating PET imaging agent [2, 

3]. 

 

Radioisotopes  
  Radioisotopes are unstable isotopes of elements that emit radiation as they decay to stable forms. Their unique 

radioactive 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. 

 

 
Figure 1: List of the medical radioactive elements in the periodic table. Elements that emit radiation are 

called radionuclides[2]. 

 

Radioisotope Tracers 

  A radioactive tracer, or radiotracer, radioactive label [1] or radioisotope label, is a substance (specifically a 

compound) that can be tracked through chemical and physical processes by its radioactivity. Such a radiolabeled 

compound emanates radiation out of the body, which is usually in the form of gamma rays, and can be picked up 

with an imaging equipment. This emission facilitates quantitative evaluation and non-invasive visualization of 

physiological, biochemical, or molecular life processes in vivo via the tracer [4]. 

Radioisotope tracers are a fundamental game changer in nuclear medicine, since they enable highly functional 

imaging; more detail than that available from classical anatomical imaging. As an example, a large volume of 

single-photon emission computed tomography (SPECT) uses technetium-99m (^99mTc) labeled compounds for 

the assessment of primary tumor localization, bone metabolism, and coronary perfusion [1]. Positron Emission 

Tomography-Computed Tomography (PET/CT): A tracer tagged with positron emitting isotopes (fluorine-18,) In 

oncology, ^18F-fluorodeoxyglucose (FDG) is a widely-used tracer to detect cancer metabolism and monitor 

treatment response. [2, 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, 
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  When employing tracers, safety and effectiveness are crucial factors. Most radiotracers have short physical 

carotid artery, 

and inferior thyroid artery arises from thyrocervical trunk of subclavian artery. These arteries supply enough 

perfusion to keep metabolic activities running [9, 13]. 
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Figure 2: Anatomy of thyroid gland [8] 
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yrosine 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 [16, 

17]. 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 antifungal properties. It is also the case that various other human cancer cell lines suggest these extrathyroidal 

roles pertain to anti-cancer effects as well. Although thyroid gland uniquely accumulates iodine and uses it to 

synthesize thyroid hormones, iodine is also found in a large number of other tissues including breast, placenta, 

and the gastrointestinal tract [16, 18], 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 neural 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 

thyroiditis and hyperthyroidism, which underscores the narrow physiological range for an optimal iodine intake 
[17, 19-21]. 

 

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 technetium-99m 

(^99mTc) pertechnetate and radioisotopes of iodine, such as Iodine-123 (^123I) and Iodine-131 (^131I) [22-25]. As 

a result of its excellent imaging characteristics and gamma emission, ^99mTc pertechnetate is a preferred 

radiopharmaceutical in thyroid scintigraphy, allowing thyroid function, nodularity, and differentiation of lesions 

to be obtained with a minimum radiation dose [26]. ^123I is a short-lived gamma emitter; creating a clear thyroid 

visualization with a dose of radiation significantly lower than that of ^131I, and is therefore implemented in 

diagnostics [27]. ^131I 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) [25]. Over the years, 

radioiodine 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 [25]. In 

particular, the ongoing advancements in radiopharmaceuticals as well as imaging modalities promote timely 

management of thyroid disease in a patient-centered way, ultimately increasing diagnostic and therapeutic 

precision in modern nuclear medicine. 

 

Table 1: Main radioactive isotopes used in diagnosis and treatment thyroid gland [22-25] 

 

Isotope Application Half-life Main Radiation Emitted Academic Source 

123I Imaging ≈ 13 hours Gamma (159 keV) [22]. 

131I 
Therapy, 

Imaging 
≈ 8 days 

Beta (606 keV),  

Gamma (364 keV) 

[23]. 

 

[24]. 

99mTc Imaging ≈ 6 hours Gamma (140 keV)               [25] 

 

Protocols of Radiation Dose for Thyroid Treatment 
  RAI 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 (I131). 

  Recent 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' disease and functional thyroid 

nodules. The quotiant of reaching euthyroidism potentiates with increased radiation absorbed dose reaching a 

plateau between 120–180 Gy (equivalent to 12–18 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 555 MBq, personal dosimetry to personalize absorbed doses to 

improve the treatment by avoiding under- or over-treatment has been shown to be beneficial [22]. 

For example, risk stratification by clinical guidelines such as the ATA defines risk categories for differentiated 

thyroid cancer, which guide RAI dosing.  Remnant ablation is applied with doses usually between 1.1 to 3.7 GBq 

(30–100 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 setting, high-risk patients with active disease might need 3.7 to 

7.4 GBq (100-200 mCi) or dosimetry-based doses. In comparison, low doses and high doses differ in terms of 

clinical predicate; low doses [21, 22] are selected on the basis of age, tumor characteristics, and postoperative 

thyroglobulin levels [23]. 

Approaches to dosimetry in RAI therapy fulfil two roles: an "as high as safely administrable" (AHASA) method, 

which restricts organ radiation doses, and an "as low as reasonably achievable" (ALARA) method, which focuses 

on giving the therapeutic dose to thyroid tissue or metastases whilst sparing the rest of the body from unnecessary 

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 [23]. 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 as lifelong hypothyroidism or secondary 

malignancies [22, 23]. 

 

Radionuclides Uptake in the Thyroid: Mechanisms and Clinical Applications 

 

Mechanism of Radionuclide Uptake in Thyroid Gland  
  This uptake mechanism is mainly provided by the NIS, an integral membrane glycoprotein located at the 

basolateral membrane of the thyroid follicular cell. NIS facilitates the active transport of iodide ions 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 sodium gradient that is maintained by Na-K-ATPase. It selectively concentrates iodine 

up to 30 folds compared to plasma levels allowing for the efficient biosynthesis of thyroid hormone [28]. 

 

  The NIS is 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 radioiodine (RAI) treatment, increased 

endocytosis and decreased membrane targeting of NIS are some of the mechanisms for reduced uptake of 

radionuclides. Chloroquine, a pharmacological agent that inhibits endocytosis, has been demonstrated to promote 

NIS retention at the membrane and increase RAI uptake in preclinical models of radioiodine-refractory thyroid 

cancer  [25, 29]. 

 

Clinical Uses of Radionuclide Uptake in Thyroid Disease 
Thyroid radionuclide uptake is a test using isotopes like radioactive iodine-131 (I-131), iodine-123 (I-123), or 

technetium-99m pertechnetate to assess the function of the thyroid gland. The radioactive iodine uptake (RAIU) 

test simply describes the amount of vocation of radionuclide up to thyroid gland within certain period (usually 4-

6 and 24 hours after vocation) [30, 31]. 

 

RAIU is employed primarily for : 

- Differentiation of causes of hyperthyroidism include Graves' disease, toxic nodular goiter, and thyroiditis. 

18F-FDG-PET/CT: optimizing I-131 dosing for hyperthyroidism treatment. 

– Evaluation of thyroid nodules to distinguish ‘hot’ (functioning) from ‘cold’ (nonfunctioning) nodules (with a 

higher risk of being malignant if cold) [31,32]. 

Radionuclide capture also has a significant role in the management of thyroid cancer, be it in detecting residual 

or metastatic disease 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 [31, 33]. 

 

Factors Influencing Radionuclide Uptake 
   Radionuclide uptake in the thyroid gland is determined by a series of physiological and pathological factors: 

- TSH levels are major determinants of NIS expression & iodide uptake. 

- Iodine intake and body iodine stores can modulate uptake capacity. 

- Some medications and radiological contrast agents can affect the uptake. 
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- Disorders of thyroid function (such as hypothyroidism, thyroiditis, or thyroidectomy) alter radionuclide 

kinetics [31].  

  

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 uses high-frequency sound waves (7–13 MHz transducers) to generate 

real-time images and high-resolution 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 [34]. 

 

Radionuclide Imaging: 
 Evaluation of the functional state of the thyroid gland in thyroid scintigraphy by using isotopes Tc-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 metastases. 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 [34]. 

 

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

   Its adjunctive role in evaluation of tumor extension, large goiter, thyroid cancer staging, and for detection of 

metastases. CT is more sensitive for the detection of intrathyroidal calcifications than MRI, and malignant nodules 

can be distinguished from benign nodules by diffusion-weighted imaging (DWI) of MRI. PET-CT and PET-
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 من التشخيص إلى العلاج: مراجعة شاملة لدور النظائر المشعة في علاج سرطان الغدة الدرقية

 

  4م.م. تبارك احمد عباس ، 3أ.م.د. زينة جميل رحيم ،2م.م. حوراء خلف عايد ،1م. د. زهراء عباس رشيد

 1قسم الفيزياء، كلية التربية، الجامعة  العراقية، بغداد، العراق. 

 2قسم الفيزياء، كلية التربية، الجامعة العراقية، بغداد، العراق 

 3قسم الفيزياء، كلية التربية، الجامعة العراقية، بغداد، العراق 

 4قسم الفيزياء الطبية، كلية العلوم التطبيقية، جامعة الفلوجة، الفلوجة، العراق.  

 

 الخلاصة 
التي تصُدر  المشعة  يعُتبر استخدام النظائر المشعة في تشخيص وعلاج سرطان الغدة الدرقية جزءًا أساسيًا من الطب النووي الحديث. تلعب النظائر    

الدور الرئيسي في التصوير التشخيصي، مما يتيح حساسية ونوعية عالية، وتصوير وظيفي   iodine-123 و  technetium-99m أشعة جاما مثل

فهو النظير العلاجي الأساسي، حيث يصدر إشعاع بيتا السام للخلايا، ويسُتخدم   iodine-131 غير جراحي لفسيولوجيا الغدة الدرقية وأمراضها. أما

المشع على عوامل عدة منها   اليود  فعالية علاج  الدرقية. تتوقف  الغدة  بقايا  المنتشر وإزالة  المتمايز  الدرقية  الغدة  ناقل    عن  تعبيراللعلاج سرطان 

حقيق علاج ناجح في الوقت نفسه مع الحد الأدنى لتالجرعات المُمتصة    زيادةبالإضافة إلى طرق قياس الجرعات التي تسعى إلى    اليود و-الصوديوم

الدرقية. الغدة  الجانبية مثل قصور  تدريجياً في    من الآثار  تدخل  الشخصية  الجرعات  الجزيئي ومعايرة  الإشعاعي  التشخيصي  العلاج  بدأت طرق 

 في المستقبل.  ية عاليةعلاجكفاءة وعالية تشخيصية يعطي قدرة ، مما السريري  الروتين
البيولوجيا    لدمج  جديدة  مناهج  اتباع  استدعى  مما  معها،  التعامل  في  تحدياً  المشع  لليود  المقاومة  الدرقية  الغدة  سرطانات  شكّلت  الجزيئية  لطالما 

مناهج   اتباع  ضرورة  الدرقية  الغدة  رعاية  في  المشعة  النويدات  لاستخدام  المتغير  السياق  يبُرز  المناعي.  والعلاج  الموجهة  متعددة  والعلاجات 

 نتائج المرضى وإدارة سرطان الغدة الدرقية.بتحسن التخصصات، والتي تبُشر 

 

 اليود -النظائر المشعة، اليود المشع، سرطان الغدة الدرقية، ناقل الصوديوم  :الكلمات المفتاحية

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


