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Abstract 
Introduction. According to global statistics, thyroid cancer is the seventh most common cancer among all types of 

cancer. Thyroid cancer treatment using radioactive iodine effectively eliminates the remnants of thyroid tissue that 
accumulate I131. It is worth noting that some patients may experience disease progression even with treatment. 
Radioiodine-resistant differentiated thyroid cancer is a complex malignancy with limited treatment options, making early 
diagnosis a key priority for physicians. 

Aim: To investigate clinical features of radioiodine resistance in patients with highly differentiated thyroid cancer. 
Materials and methods of the study. The study design is a retrospective study. A database of patients from all over 

Kazakhstan treated in the radionuclide therapy department of the Center for Nuclear Medicine and Oncology of the Abay 
region from January to December 2023 was formed. 445 medical records were analyzed. A representative sample of 229 
patients was selected using Epi Info v5.5.15 software from those records. This sample has high reliability (97%) with an 
expected frequency of 50% and an error of 5%. 

Results of the research and conclusion. In the study, 9.4% of 229 patients showed signs of refractoriness to 
radioiodine therapy. As a result, 4.5% of patients showed no radioiodine uptake in the areas of regional recurrence. 
Structural tumor progression was observed in 81%. Also, 9% of patients had tumors after radioiodine therapy without signs of 
remission. In addition, 4.5% of cases showed “Mismatch between I131 uptake on radioiodine SPECT/CT and 18F-FDG 
PET/CT”. It is essential to continue research in the direction of studying the resistance of patients to radioiodine therapy in 
order to clarify the influence of genetic factors on the response to I131 therapy. Further studies of these parameters remain 
relevant and require in-depth analysis. 

Keywords: Highly differentiated thyroid cancer, radioiodine therapy, radioiodine resistance, molecular genetic testing. 
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Введение. По данным всемирной статистики, рак щитовидной железы занимает седьмое место среди 
наиболее распространенных форм рака. Лечение рака щитовидной железы с использованием радиоактивного йода 
эффективно ликвидирует остатки тиреоидной ткани, которые накапливают I131. Стоить отметить, что у некоторых 
пациентов может наблюдаться прогрессирование болезни даже при осуществлении лечения. 
Радиойодрезистентный дифференцированный рак щитовидной железы представляет собой сложное 
злокачественное заболевание с ограниченными вариантами лечения, что делает раннюю диагностику ключевым 
приоритетом для врачей. 

Цель: Изучить клинические особенности радиойодрезистентности у пациентов с высокодифференцированным 
раком щитовидной железы. 

Материалы и методы исследования. Дизайн исследования – ретроспективное исследование. Сформирована 
база данных пациентов со всего Казахстана, проходивших лечение в отделении радионуклидной терапии Центра 
ядерной медицины и онкологии области Абай в период с января по декабрь 2023 года. Анализу подверглись 445 
историй болезней. Из них с помощью программного обеспечения Epi Info v5.5.15 была отобрана репрезентативная 
выборка из 229 пациентов. Данная выборка имеет высокую надежность (97%) с ожидаемой частотой 50% и 
погрешностью 5%. 

Результаты исследования и выводы. В рамках исследования среди 229 пациентов 9,4% проявили признаки 
рефрактерности к радиойодтерапии. В результате, 4,5% пациентов не показали поглощения радиоактивного йода в 
зонах регионарных рецидивов. У 81% наблюдалось структурное прогрессирование опухоли. Также 9% пациентов 
продемонстрировали наличие опухоли после радиойодтерапии, без признаков ремиссии. Кроме того, 4,5% случаев 
показали «Несоответствие между накоплением I131 по результатам ОФЭКТ/КТ с радиоактивным йодом и ПЭТ-КТ с 
18F-ФДГ». Важно продолжить исследование в направлении изучения резистентности пациентов к радиойодтерапии, 
чтобы прояснить влияние генетических факторов на ответ терапией I131. Последующие исследования указанных 
показателей остаются актуальными и требуют углубленного анализа. 

Ключевые слова: Высокодифференцированный рак щитовидной железы, радиойодтерапия, 
радиойодрезистентность, молекулярно-генетическое исследование. 
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Кіріспе. Қалқанша безінің қатерлі ісігі әлемдік статистикаға сәйкес, қатерлі ісік ауруларының ішінде жетінші 

орында тұр. Радиоактивті йодты қолдану арқылы қалқанша безінің обырын емдеу қалқанша без тінінің 

қалдықтарын және I131 жинақталатын ықтимал ісік ошақтарын тиімді түрде жояды. Айта кететін жағдай, кейбір 

науқастарда емделген күннің өзінде, аурудың одан әрі өршіп кетуі мүмкін. Радиойодқа төзімді сараланған 
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қалқанша безінің қатерлі ісігі – емдеу мүмкіндіктері шектеулі, ерте анықтау дәрігерлердің басты мақсаты болып 

табылатын күрделі қатерлі ісік түрі болып табылады. 

Зерттеудің мақсаты. Қалқанша безінің жоғары сараланған обыры бар науқастардағы радиойодқа 

төзімділіктің клиникалық ерекшеліктерін зерттеу. 

Зерттеудің материалдары мен әдістері. Зерттеудің дизайны - ретроспективті зерттеу. 2023 жылдың қаңтар 

және желтоқсан айлары аралығында Абай облысының Ядролық медицина және онкология орталығының 

радионуклидті терапия бөлімшесінде емделген Қазақстан бойынша барлық науқастардың деректер базасы 

жасалды. Зерттеу аясында 445 ауру тарихы талданды. Олардың ішінен Epi Info v5.5.15 бағдарламалық құралының 

көмегімен 229 науқастың репрезентативтік үлгісі таңдалды. Бұл үлгі 50% күтілетін жиілікпен және 5% қателік 

шегімен жоғары сенімділікке ие (97%). 

Зерттеу нәтижелері мен қорытындылары. Зерттеу нәтижесінде 229 науқастың 9,4%-ы радиойодты 

терапияға төзімділік белгілерін көрсетті. Нәтижесінде радиойодқа төзімділігі бар науқастардың 4,5% жергілікті 

рецидив аймақтарында радиоактивті йодтың қабылданбағанын көрсетті. 81% науқас емдеуден кейін ісіктің 

құрылымдық прогрессиясын көрсетті. Сондай-ақ, науқастардың 9%-ында радиойодты терапия алғанына 

қарамастан, ремиссия белгілерінсіз ісіктің болуын көрсетті. Сонымен қатар, 4,5% жағдайда «радиоактивті йодпен 

ОФЭКТ/КТ және 18F-FDG-мен ПЭТ-КT нәтижелері бойынша I131 қабылдау арасындағы сәйкессіздікті»  көрсетті. I131 

терапиясына генетикалық факторлардың әсерін түсіндіру үшін науқастардың радиойодты терапияға төзімділігін 

зерттеуді жалғастыру маңызды. Бұл көрсеткіштерді алдағы уақытта зерттеу өзекті болып қала береді және терең 

талдауды қажет етеді. 

Түйінді сөздер: Қалқанша безінің жоғары сараланған обыры, радиойодты терапия, радиойодқа төзімділік, 

молекулалық-генетикалық зерттеу. 
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Introduction 
According to GLOBOCAN's global statistics for 2022, 

thyroid cancer is one of the most common types of cancer. 
This type of cancer is the seventh most common in the 
world. This disease prevails most frequently in women. On 
the contrary, thyroid cancer is three times less expected in 
men [3]. The most familiar histological type of thyroid 
cancer is differentiated thyroid cancer (DTH) [12]. It can 
include papillary and follicular cancers. Both variants of 
thyroid cancer have a favorable course and, with timely 
treatment, allow patients to achieve high survival rates. 
According to the approved clinical protocol of the Ministry of 
Health of the Republic of Kazakhstan, dated 2021, 
radioiodine therapy is the most effective treatment of highly 
differentiated thyroid cancer. This type of treatment is based 
on using the radiopharmaceutical sodium iodide I131. 
Highly differentiated cells retain the ability to absorb iodine, 
which makes RIT highly effective. Treatment of thyroid 
cancer with radioactive iodine has a targeted effect on the 
affected tissues. The effectiveness of radioiodine therapy is 
based on its ability to be actively absorbed by thyroid 

tissues. For successful radioiodine therapy in highly 
differentiated thyroid cancer (HDTC), it is necessary to 
perform surgical removal of the thyroid gland - total 
thyroidectomy - first of all. In addition, it is vital to increase 
the thyroid hormone (TSH) level in the blood to values 
exceeding 30 UІ/l [1]. Treatment of highly differentiated 
thyroid cancer with radioactive iodine effectively eliminates 
residual thyroid tissue and potential tumor foci that 
accumulate I131. In addition, radioactive iodine therapy has 
a positive effect on metastatic processes in differentiated 
thyroid cancer, as the therapy reduces the probability of 
recurrence and contributes to the improvement of long-term 
treatment outcomes [2]. Nevertheless, it is worth 
emphasizing that 70% of patients with metastatic form of 
the disease have radioactive iodine uptake. At the same 
time, in the remaining patients, the progression of the 
disease may be observed, even with the implementation of 
treatment [9]. Radioiodine-resistant differentiated thyroid 
cancer (RAIR-DTC) is a complex malignant disease with 
limited treatment options, which makes early diagnosis a 
key priority for physicians. Diagnostic methods today [8] 
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play a crucial role in determining the resistance of 
differentiated thyroid cancer to radioiodine therapy. 
Subsequently, according to the results of the study, patients 
are prescribed appropriate treatment and observation. 
Methods such as single-photon emission computed 
tomography (SPECT) and positron emission tomography 
(PET) in combination with computed tomography (CT) or 
magnetic resonance imaging (MRI) make it possible not 
only to evaluate but also to quantify lesions in the diagnosis 
of differentiated thyroid cancer resistant to radioiodine.  To 
diagnose radioiodine resistance in differentiated thyroid 
cancer, diagnostic methods are used that allow not only to 
assess but also to quantify the lesions. These include 
techniques such as single photon emission computed 
tomography (SPECT) and positron emission tomography 
(PET) combined with computed tomography (CT) or 
magnetic resonance imaging (MRI). 

Aim: To investigate clinical features of radioiodine 
resistance in patients with highly differentiated thyroid 
cancer  

Materials and methods. Study design: retrospective 
study. A database of patients from all over Kazakhstan who 
underwent treatment in the Radionuclide Therapy 
Department of the Center for Nuclear Medicine and 
Oncology of the Abay Regional Healthcare Institution from 
January to December 2023 was created. Inclusion criteria 
for the study group: patients of both sexes with well-
differentiated thyroid cancer who received radionuclide 
therapy aged 18 to 80 years. Exclusion criteria: patients 
with medullary, poorly differentiated, and anaplastic thyroid 
cancer. A total of 445 medical records were analyzed. A 
representative sample of 229 patients was selected using 
Epi Info v5.5.15 software from these records. This sample 
has high reliability (97%) with an expected frequency of 
50% and an error of 5%. 

Ethical review. To conduct a study on this topic, 
approval was obtained from the Local Ethics Committee of 
the NCJSC "Semey Medical University" on November 02, 
2023, extracted from protocol No.1b. Permission was also 

taken from the management of the Center for Nuclear 
Medicine and Oncology of the Abay Region to work with 
patient case histories. The management is familiar with this 
work and does not object to further publication of this article 
in the open press. Informed consent was obtained from 
patients before admission to the hospital. 

Study Results.  
In this study, we used generally accepted international 

criteria [4,15] to define radioiodine resistance in patients 
with differentiated thyroid cancer. The presence of one or 
more of the following features indicated the patient's 
resistance to radioiodine treatment:  

- Absence or progressive loss of radioactive iodine 
uptake during whole-body scanning after therapy;  

- Absence of radioactive iodine uptake in primary 
regional recurrence or distant metastases without 
radioactive iodine uptake during whole-body scan after 
therapy;  

- Structural tumor progression 12-16 months after 
radioactive iodine therapy despite the presence of iodine in 
the post-therapy scan; 

 - Presence of tumor in patients who have received 
radioiodine therapy with an activity of 600 millicuries 
(mCi)/22.2 gigabecquerel (GBq) or more but without 
evidence of remission;  

- Inconsistency between I131 and 18F-FDG 
accumulation, that is, there is a negative result on 
SPECT/CT with radioactive iodine and a positive result on 
PET-CT with 18F-FDG.  

Patients requiring radioiodotherapy were hospitalized in 
the specialized radionuclide therapy department of the 
Centre for Nuclear Medicine and Oncology of the Abay 
Regional Healthcare Institution. Hospitalization was carried 
out routinely in accordance with the radiation safety order. 
Before admission to the hospital, patients underwent a 
comprehensive examination, including instrumental and 
laboratory tests, according to the approved protocol of 
diagnosis and treatment (Figure 1).  

 

 
 

Figure 1. The main characteristics of the department of radionuclide therapy. 
(This drawing was made using the program XMind). 
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On the first day of hospitalization, patients received sodium 
iodide І131 radiopharmaceutical orally after appropriate 
preparation. On the fourth day of hospitalization, a post-therapy 
radioisotope examination (whole-body planar scintigraphy) was 
performed. After completion of radioiodine therapy, on the fifth 
day, patients received recommendations from the 

multidisciplinary team (MDT), taking into account the results of 
post-therapy whole-body scintigraphy.  

Between January and December 2023, the following 
recommendations were assigned to patients who 
underwent radioiodotherapy by the multidisciplinary team 
(MDT) (Figure 2): 

 

 
 

Figure 2: Recommendations of the multidisciplinary team: (This drawing was made using the program XMind). 
 

A retrospective study showed the following results: The 
study included 229 patients (Table 1). (Of which 65 were 
men, 164 were women; the average age was 49 years). All 
patients had undergone total thyroidectomy, and all had 
histologically confirmed thyroid cancer. In the anamnesis, 
all had undergone radioiodine therapy in the conditions of 
the radionuclide therapy department of the Center for 
Nuclear Medicine and Oncology of the Abay Region. 
 

Table 1. 
Basic characteristics of the patients included in the study. 

Basic characteristics of the patients 
included in the study 

Variables Values 

Gender 

Male 65 (28,3%) 

Female 164 (71,6%) 

The average age of the patient 

49 [18-80] 

Histological type of thyroid cancer 

Papillary  133 (58,1%) 

Follicular  96 (41,9%) 

TNM stage of disease 

I 85 (37,2%) 

II 89 (38,9%) 

III 49 (21,3%) 

IV 6 (2,6%) 

Presence of regional or distant metastases 

Yes  66 (28,9%) 

No 163 (71,1%) 

A recurrence 

Yes  31 (13,6%) 

No  198  (86,4%) 

Total number of radioiodine therapy courses 

First  161 (70,3%) 

Second  33 (14,4%) 

Third  20 (8,7%) 

Fourth  8 (3,5%) 

Fifth  7 (3,0%) 

According to preliminary data, out of 229 patients, signs 
of radioiodine resistance with differentiated thyroid cancer 
occurred in about 22 (9.6%) patients, the remaining 207 
(90.4%) patients remained sensitive to radioiodine 
treatment. 

By analyzing the radioiodine-resistant cases the 
following data were obtained:  

- 4.5% has the relation ‘Mismatch between I131 
accumulation during SPECT/CT with radioactive iodine and 
PET-CT with 18F-FDG’. Patient G., 27 years old, was 
observed with the diagnosis of thyroid cancer St I pT1N0M0 
since 2017, when surgical treatment in the scope of 
thyroidectomy was performed. Histological report: Papillary 
thyroid cancer, classic variant, with foci of invasion into the 
tumor capsule. In 2020 and 2021 she underwent surgery for 
the removal of the recurrence of the right lobe of the thyroid 
gland, and fascial excision of cervical lymph nodes on both 
sides. On 29.03.2021 in Obninsk, Russian Federation the 
patient received the first course of radioiodine therapy with 
activity І131 81 mCi. From 20.12.2021 to 24.12.2021 she 
received the 2nd course of radioiodine therapy I131 with 
activity 124 mCi. Post-therapeutic SPECT from 23.12.2021 
conclusion: SPECT/CT signs: No accumulation of I131 
isotope in the thyroid bed at the time of the study. 
Visualized upper paratracheal, lateral cervical nodes of 
altered shape, without isotope uptake. Single solid nodules 
in both lungs up to 3-4 mm, without isotope uptake. In the 
dynamics, the patient underwent PET-CT on 07.12.2022. 
Conclusion: the picture reveals reliable metabolically active 
changes in the thyroid gland bed on the right, and in the 
subclavian region on the left, in the sternum, characteristic 
of the secondary spread of the main oncological process. It 
should be noted that the patient's thyroglobulin level was 
high in dynamics - 223 ng/ml, antibody to thyroglobulin - 10 
UI/ml. This phenomenon of discrepancy between I131 
accumulation during SPECT/CT with radioactive iodine and 
PET-CT with 18F-FDG is called the flip-flop phenomenon. 
Therefore, this case can be attributed to refractoriness to 
radioiodine therapy [10], [5], [6]  
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- In 9% of patients had evidence of tumor after 
radioiodine therapy with activity of 600 mCi or more, but 
without evidence of remission. Both patients were female, 
aged 36 and 65 years. Additionally, histological types were 
follicular carcinoma and papillary carcinoma, respectively. 
The patients received 5 courses of radioiodine therapy with 
activity of more than 600 mCi each. High thyroglobulin and 
thyroglobulin antibody levels persisted in both patients at 
follow-up. In the results of post-therapy whole body 
scintigraphy, there were SPECT/CT signs: multiple nodules 
of both lungs, with isotope accumulation (mts). In 
comparison with SPECT/CT of the previous study, no 
positive dynamics were noted. 

- 4.5% of patients demonstrated a lack of radioactive 
iodine uptake by regional recurrence. Patient I. is 42 years 
old. On 17.08.2022, a thyroidectomy with cervical lymph 
dissection on the left was performed. Postoperative 
histology: Papillary carcinoma of the thyroid gland, in one 
lobe metastases to the parenchymatous goiter in the other 
lobe and the isthmus. She further received 1st course of 
radioiodine therapy with 150 mCi activity. Post-therapy 
whole body scan revealed an altered inferior jugular node 
on the right (IV) of rounded shape, 12 mm in size, without 
drug accumulation. Conclusion: Focus on isotope uptake in 
the area of the bed of the right thyroid lobe. Visualized 
altered inferior jugular node on the right side without I131 
accumulation (susp. mts). A control ultrasound of the 
thyroid gland revealed regional metastasis and tumor 
recurrence. In dynamics, the patient underwent surgical 
treatment.  

- In 81% of patients there was structural progression of 
the tumor 12-16 months after radioiodine therapy, despite 
the presence of iodine on scintigraphy. Twelve patients had 
papillary variant and the rest had follicular thyroid cancer. 
Most patients had progression at 12 months in the 
dynamics in the form of thyroglobulin and thyroglobulin 
antibody elevation. And also, on post-therapeutic scanning 
of the whole body in comparison with previous SPECT/CT 
there was a progression of the main disease in the form of 
the appearance of new pathological foci.  

The criterion ‘Absence or progressive loss of I131 uptake 
on post-therapy scan a few days after RAI therapy’ was not 
encountered in the cases of the above patients. 

Discussion 
Radioiodine therapy is the main treatment method after 

surgery for thyroid cancer. It is called the gold standard of 
treatment in patients with differentiated thyroid cancer [9]. 
However, about two-thirds of patients with papillary thyroid 
cancer with distant metastases may be refractory to 
radioiodine therapy. Resistance to radioiodine therapy is 
one of the main causes of death in patients. The 10-year 
survival rate of patients is only 10% [7]. 

In a study by Li G., Lei J., Song L., and colleagues, the 
refractoriness rates to radioactive iodine were determined. 
The authors assessed the clinical characteristics of patients 
who did not respond to radioactive iodine therapy. The 
authors noted several factors that may influence the 
development of resistance to radioiodine therapy. These 
include smoking, tumor type, genetic changes, 
extrathyroidal extension, the number of lymph node 
metastases, the rate of lymph node metastasis, and the pN 
(N1) stage. However, no statistically significant differences 

were found between such characteristics as tumor size, 
patient gender, body mass index, and TNM stage [11]. 

The study by N.P. Denisenko, G.N. Shuev, and their co-
authors included 181 patients, among whom 37 (20.4%) 
were men and 144 (79.6%) were women. They analyzed 
the data of patients admitted to the radiology department of 
the Clinic named after Professor Y.N. Kasatkin from April to 
December 2021. In their study, they analyzed the role of 
several genes that can cause radioiodine resistance in 
patients. They studied single nucleotide polymorphisms of 
genes such as NFKB1, ATM, ATG16L2 and ATG10. 
According to the results of the study, resistance to 
radioiodine therapy was detected in 11 (6.1%) cases out of 
181 observations. Unfortunately, the authors failed to 
identify significant associations between the development of 
resistance to radioiodine therapy and the carriage of 
individual polymorphisms p>0.05 [2]. 

In recent decades, there has been a significant 
advancement in the study of molecular mechanisms 
contributing to the malignant evolution of differentiated 
thyroid cancer and the development of resistance to 
radioiodine therapy [15]. Molecular mechanisms leading to 
resistance to radioiodine therapy include gene mutations 
and gene fusions. In addition, the lack of transport of 
radioactive iodine into thyroid cancer cells and exposure of 
the tumor microenvironment also contribute to this problem. 
However, it is not clear whether the above factors are the 
key reasons why thyroid cancer patients fail to receive the 
expected benefit from radioiodine therapy [13]. 

Conclusion 
In our study, we analyzed 229 patients, among whom 

22 (9.4%) patients showed signs of resistance to 
radioiodine therapy. As a result, 4.5% of patients with 
radioiodine resistance did not show radioiodine uptake in 
areas of regional recurrence. In 81%, there was structural 
tumor progression within 12-16 months of therapy despite 
the presence of iodine detected in follow-up scans. Also, 
9% of patients demonstrated tumor activity at 600 mCi or 
higher without evidence of remission. In addition, 4.5% of 
cases showed ‘Inconsistency between I131 accumulation by 
SPECT/CT with radioactive iodine and PET-CT with 18F-
FDG’. Most of these patients were women with papillary 
carcinoma. The above data are critical for tumor risk 
stratification and assessment of the development of 
resistance to radioiodine therapy. However, to fully 
determine cases of resistance to radioiodine therapy, on the 
one hand, it is necessary to consider the clinical and 
pathological characteristics and, on the other hand, the 
molecular characteristics of the disease. It is crucial to 
continue studies aimed at investigating the resistance of 
patients to radioiodine therapy to clarify the influence of 
genetic factors on the response to I131 therapy. Follow-up 
studies on these indicators remain relevant and require in-
depth analyses. 
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