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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
The Semipalatinsk Nuclear Test Site (SNTS) was a major source 

of radiation exposure for the population of East Kazakhstan 
between 1949 and 1989. Ionizing radiation is known to have 
significant mutagenic effects on thyroid tissue, increasing the 
incidence of benign and malignant thyroid neoplasms. This 
study analyzes the cytological features of thyroid nodules 
among native residents of radiation-affected areas and evaluates 
intergenerational differences in disease prevalence.

Objectives: To assess the diagnostic value of fine-needle 
aspiration biopsy (FNAB) in identifying benign and malignant 
thyroid lesions among populations exposed to chronic radiation 
and to investigate the cytomorphological patterns associated 
with each generation of residents.

Methods: A retrospective cross-sectional analysis was 
conducted on 134 native patients from high-radiation-risk areas 
of East Kazakhstan who underwent ultrasound-guided FNAB 
between 2013 and 2023. Clinical, ultrasound, and cytological 
data were evaluated, with generational stratification based on 
birth year in relation to periods of nuclear testing.

Results: A total of 134 patients were included in the study, with 
92.5% females (n = 124) and 7.5% males (n = 10). The majority 
of patients were of Kazakh ethnicity (60.4%, n = 81), with the 
remainder belonging to other ethnic minorities, predominantly 
of Slavic origin (38.8%, n = 52). The mean age was 63.98 ± 
12.6 years. Based on fine-needle aspiration biopsy (FNAB), the 
diagnoses were as follows: papillary thyroid carcinoma (PTC) 
– 42 cases (31.3%), suspicion of PTC – 40 cases (30.1%), 
follicular adenoma – 45 cases (33.8%), follicular variant of PTC 
(FVPTC) – 6 cases (4.5%), and medullary carcinoma – 1 case 
(0.8%). The highest incidence of malignant lesions was observed 
in the first generation (born 1949–1962), which correlates with 
higher radiation exposure during atmospheric nuclear testing. 
The second generation (born 1963–1983) showed a moderate 
decline in malignancy rates, though the risk remained elevated. 
The third generation (post-1983) exhibited minimal incidence 
of malignancy, but a notable increase in benign lesions, such 
as follicular adenomas, potentially due to residual radiation 
exposure.

Conclusion: The findings underscore the long-term impact of 
radiation exposure on thyroid pathology in affected populations. 
FNAB remains a highly effective diagnostic tool, especially 
when combined with ultrasound criteria. Intergenerational 
analysis supports a radiation dose-dependent relationship in 
the development of thyroid malignancies, with implications for 
screening and preventive strategies in high-risk regions.

Key words. Thyroid cancer, fine-needle aspiration biopsy, 
radiation exposure, cytology, papillary thyroid carcinoma, 
follicular adenoma, Bethesda classification.
Introduction.

Nodular thyroid disease is a prevalent condition, with a 
reported clinical incidence of 6% in women and 1% in men [1-
7]. The majority of nodules detected through ultrasonography 
are benign; however, approximately 5% are malignant. 
Ultrasonography, in conjunction with fine-needle aspiration 
biopsy (FNAB), plays a pivotal role in the characterization of 
thyroid nodules and in guiding further clinical management. In 
recent decades, the incidence of thyroid cancer has been rising, 
particularly the papillary thyroid carcinoma (PTC), which now 
accounts for nearly 84% of all malignant thyroid tumors [1,8]. 

Papillary thyroid carcinoma is a malignant epithelial tumor 
characterized by the proliferation of follicular cells exhibiting 
distinctive nuclear features such as nuclear clearing, grooves, 
and pseudoinclusions [1]. Histologically, PTC encompasses 
several subtypes, including the classical papillary, follicular 
variant (FVPTC), and solid variants. 

The growing recognition of the histological variants of PTC 
has led to refinements in pathological classifications. Notably, 
in 2016, Nikiforov et al. proposed renaming the “non-invasive 
encapsulated follicular variant of papillary thyroid carcinoma” 
(nEFVPTC) as “non-invasive follicular thyroid neoplasm with 
papillary-like nuclear features” (NIFTP), based on evidence 
indicating its indolent behavior and favorable prognosis [9-
11]. Consequently, NIFTP was excluded from the carcinoma 
category, leading to significant changes in preoperative 
malignancy risk assessment [3,12-19] and influencing surgical 
and postoperative treatment strategies. The introduction of 
the NIFTP concept has impacted the cytological evaluation of 
thyroid nodules, particularly in diagnostic categories such as 
“Atypia of undetermined significance” or “Follicular lesion of 
undetermined significance” (AUS/FLUS), “Follicular neoplasm 
or suspicious for a follicular neoplasm” (FN), and “Suspicious 
for malignancy” (SusM). These adjustments were incorporated 
into the revised Bethesda System for Reporting Thyroid 
Cytopathology (BSRTC) in 2017 [9]. 

Accurate determination of the benign or malignant nature of 
a thyroid nodule remains the central diagnostic objective, as 
it directly influences treatment decisions. The most common 
thyroid neoplasms include follicular adenoma (FA), papillary 
carcinoma (PC), and its follicular variant (FVPTC). FA is a 
benign epithelial neoplasm with a generally favorable clinical 
course. However, due to its morphological resemblance 
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to FVPTC, it often presents diagnostic challenges during 
cytological evaluation [20,21]. PC is the most frequently 
diagnosed thyroid malignancy, constituting over 80% of all 
thyroid cancers. FVPTC shares cytological characteristics with 
both classical PTC and follicular tumors, further complicating 
diagnostic interpretation. 

Nodular thyroid disease is a widespread endocrine disorder 
affecting a significant portion of the population. Although most 
nodules are benign, the increasing incidence of PTC over recent 
decades underscores the importance of reliable diagnostic 
methods. FNAB remains the gold standard for preoperative 
assessment, yet differentiating between FA, PC, and FVPTC—
especially in the context of indeterminate categories such as 
AUS/FLUS and SusM—remains a clinical challenge. Recent 
publications in databases such as PubMed emphasize the need 
for refined diagnostic criteria and the identification of novel 
morphological and molecular markers to improve diagnostic 
accuracy.

The Semipalatinsk Nuclear Test Site (SNTS), active between 
1949 and 1989, represents one of the world’s most significant 
sources of environmental radioactive contamination [14,6]. 
During the period of atmospheric nuclear testing (1949–1962), 
local populations were exposed to considerable external and 
internal radiation, primarily due to radioactive iodine deposition 
from fallout, which entered the body through contaminated 
food and water sources. Following the site's closure in 1991, 
scientific attention has largely focused on evaluating the long-
term health consequences of radiation exposure, particularly the 
elevated incidence of thyroid pathologies, including nodular 
and malignant conditions [2,18].

Epidemiological studies have established a strong correlation 
between radiation exposure and increased rates of thyroid 
nodular disease and differentiated thyroid carcinoma. Prior 
research has confirmed that individuals residing in areas of 
high radiation risk exhibit a significantly higher frequency 
of thyroid nodules compared to those in minimally exposed 
zones [4,5,13,20,21]. Of particular interest are individuals born 
during the atmospheric testing era (1949–1962), who received 
the highest radiation doses during childhood—a period of 
heightened thyroid sensitivity to radiation.

More than three decades have passed since the SNTS was 
decommissioned. As the number of first-generation individuals 
exposed during this period gradually declines, the cohort born 
between 1949 and 1962 remains a high-priority population for 
study due to their cumulative radiation exposure and the critical 
developmental timing of their exposure.

According to the Law of the Republic of Kazakhstan “On 
the social protection of citizens affected by nuclear tests at the 
Semipalatinsk nuclear test site” (№ 1787-XII, December 18, 
1992), the studied territories are officially classified as zones 
of extreme radiation risk (>100 ber) and maximum radiation 
risk (35–100 ber). This legal classification served as the basis 
for defining the exposure categories of the included patients. 
Between 1949 and 1989, a total of 456 nuclear explosions 
were conducted at the Semipalatinsk Nuclear Test Site (SNTS), 
with the greatest radiation exposure occurring during the early 
atmospheric tests (1949, 1951, 1953) [5]. Ionizing radiation, 

particularly during childhood, is a well-recognized risk factor 
for thyroid cancer.

This study aims to analyze the cytological profiles of thyroid 
nodular lesions in individuals residing in extreme and maximum 
radiation risk areas, with the goal of identifying patterns 
indicative of increased susceptibility to thyroid pathologies.

Objective. The aim of this study is to analyze the cytological 
characteristics of benign and malignant thyroid neoplasms 
through ultrasound-guided fine-needle aspiration biopsy 
(FNAB) and to evaluate their diagnostic relevance for improving 
the accuracy and efficiency of differential diagnosis in patients 
residing in extreme and maximum radiation risk areas of the 
former Semipalatinsk Nuclear Test Site (SNTS). Particular 
attention is given to identifying potential patterns of radiogenic 
influence on thyroid tissue among individuals exposed to 
ionizing radiation during early life.
Materials and Methods.

This retrospective cross-sectional study included 134 
indigenous patients who underwent FNAB of thyroid nodules 
between 2013–2023 years. All participants were permanent 
residents of extreme and maximum risk regions affected by 
SNTS nuclear fallout and were stratified by generation, with 
special focus on those presumed to have received the highest 
cumulative radiation doses during childhood—a developmental 
period of increased thyroid radiosensitivity.

Clinical data were collected from patient records and included 
demographic information (age and sex), family history of 
thyroid cancer, presence of clinical symptoms suggestive 
of local compression (e.g., dysphagia, hoarseness), and 
functional thyroid status (euthyroidism, hypothyroidism, or 
hyperthyroidism). Ultrasound characteristics of the nodules 
were also documented, including nodule size, echogenicity 
(hyperechoic, isoechoic, hypoechoic, markedly hypoechoic), 
vascular patterns assessed via Doppler ultrasound (perinodular, 
intranodular, or mixed), presence of microcalcifications, 
structural composition (solid or complex), definition of margins, 
and classification based on the American College of Radiology 
TI-RADS system [16]. 

Cytological evaluation was performed according to the Bethesda 
System for Reporting Thyroid Cytopathology (BSRTC), with 
each case classified into one of six categories: non-diagnostic 
(I), benign (II), atypia of undetermined significance or follicular 
lesion of undetermined significance (III: AUS/FLUS), follicular 
neoplasm or suspicious for follicular neoplasm (IV: FN/SFN), 
suspicious for malignancy (V: SusM), or malignant (VI). In 
addition to standard categorization, individual cytological 
features were analyzed in detail [1]. These included nuclear 
enlargement, irregular nuclear contours, chromatin clearing, 
presence of nuclear grooves and intranuclear pseudoinclusions, 
nuclear overlapping and crowding, and qualitative assessment 
of the cellular material (abundant, moderate, or scant). All 
cytological data were retrieved from documented pathology 
reports verified by licensed cytopathologists.

By examining morphological and cytological features of 
thyroid nodules in a population with documented radiation 
exposure, this study aims to assess the degree of radiogenic 
impact on thyroid tissue and to explore the potential 
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predisposition to malignant transformation. The results will be 
compared with existing literature to identify diagnostic trends 
and pathological markers that may assist in early detection, 
risk stratification, and the development of targeted preventive 
strategies in radiation-affected regions. The identification of 
specific cytological patterns in this unique population could 
offer valuable insights into radiation-induced thyroid pathology 
and help refine diagnostic criteria used in clinical practice.
Results.

A total of 134 patients with thyroid nodular formations 
residing in extreme and maximum radiation risk areas of the 
former Semipalatinsk Nuclear Test Site (SNTS) were included 
in the study. The majority of participants were female (92.5%, 
n = 124), while males accounted for only 7.5% (n = 10). Most 
patients were of Kazakh ethnicity (60.4%, n = 81), followed 
by individuals from other ethnic minorities, predominantly of 
Slavic origin (38.8%, n = 52). The mean age was 63.98 ± 12.6 
years, ranging from 37 to 91 years (Figure 1).

Figure 1. Socio-demographic characteristics of the study population.

According to the results of fine-needle aspiration byopsy 
(FNAB), the distribution of diagnoses was as follows: papillary 
thyroid carcinoma (PTC) – 42 cases (31.3%), suspicious for 
papillary carcinoma – 40 cases (30.1%), follicular adenoma – 45 
cases (33.8%), follicular variant of papillary thyroid carcinoma 
(FVPTC) – 6 cases (4.5%), and medullary carcinoma – 1 case 
(0.8%) (Tab.1). According to the results of the Pearson χ² test, 
the differences in the distribution of tumor types across the 
three generations were statistically significant (χ² = 24.88; p = 
0.0016). Thus, malignant and suspicious lesions represented 
over 65% of the total sample. Among the 134 patients, thyroid 
function tests revealed that the majority were euthyroid, while 
a smaller percentage were diagnosed with hypothyroidism or 
hyperthyroidism. The functional status was correlated with 
the cytological findings, including an increased incidence of 
hypothyroidism in patients with follicular adenomas.

When analyzed across generations exposed to different levels 
of radiation, the highest number of malignant and suspicious 
cases was observed in the first generation (individuals born 
between 1949 and 1962 during active atmospheric nuclear 
testing), with 22 confirmed PTC cases and 23 suspicious 
nodules [2,6,13,18,21]. The second generation (born 1963–
1983) demonstrated a moderate decline in malignancy rates 
(20 PTC, 15 suspicious), while the third generation (post-1983) 
had no confirmed PTC but exhibited cases of FVPTC and an 

increase in benign follicular adenomas [5,15,20].
The highest number of papillary thyroid carcinoma cases was 

recorded among individuals of the first generation, born during 
the period of active atmospheric nuclear testing. These findings 
support a strong link between high cumulative radiation doses in 
childhood and the development of malignant thyroid neoplasms, 
particularly papillary carcinoma. In addition, cases of the 
follicular variant of papillary carcinoma (FVPTC) were also 
noted, indicating the mutagenic impact of ionizing radiation on 
thyroid tissue. Among representatives of the second generation, 
whose childhood occurred during the period of underground 
testing, the incidence of thyroid cancer, including follicular 
tumors, remained high but was somewhat lower compared to the 
first generation. This may be attributed to the reduced intensity 
of radiation exposure, although environmental contamination 
with long-lived radionuclides persisted. In the third generation, 
the rate of malignant pathology was minimal (Figure 2). 
However, there was an increased frequency of benign tumors, 
such as follicular adenoma, likely linked to chronic exposure to 
residual radiation through contaminated soil, water, and food, 
as well as possible transgenerational genetic mutations inherited 
from parents.

Figure 2. Thyroid disease prevalence by generation.

Cytological evaluation revealed distinct patterns correlating 
with the type of lesion. PTC was characterized by large oval 
nuclei with irregular membranes, chromatin clearing, nuclear 
grooves, and pseudoinclusions. Suspicious lesions presented 
similar features but to a lesser degree. FVPTC cases combined 
follicular architecture with nuclear atypia typical of papillary 
carcinoma. Follicular adenomas exhibited monolayered 
follicular cells with round, clearly contoured nuclei and no signs 
of vascular invasion or nuclear atypia.

Ultrasound analysis indicated that hypoechoic nodules with 
irregular margins, microcalcifications, and mixed vascularization 
were more commonly associated with high Bethesda categories 
(V–VI). Isoechoic nodules with well-defined borders and 
peripheral flow patterns were predominantly benign. These 
findings emphasize the diagnostic value of combining 
ultrasound and cytological features in populations exposed to 
chronic radiation.

Cytological diagnosis of papillary thyroid carcinoma (PTC) is 
primarily based on a set of nuclear features that include nuclear 
enlargement, chromatin clearing, irregular nuclear contours, 
nuclear grooves, molding, intranuclear pseudoinclusions, 
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and papillary architectural formations with clearly defined 
anatomical boundaries. In cases where these features are 
only focally present, a definitive malignant diagnosis cannot 
be established, and such samples are generally classified as 
"suspicious for malignancy".

Among the morphological variants, the follicular variant of 
papillary thyroid carcinoma (FVPTC) is the most commonly 
reported and accounts for up to 30% of all PTCs in some 
series [14]. In our study, cases of FVPTC demonstrated 
moderate nuclear hyperplasia, a follicular growth pattern 
with the presence of colloid, and occasionally subtle nuclear 
grooves and pseudoinclusions—features which require careful 
differentiation from benign follicular neoplasms. The presence 
of dense or viscous colloid and uniform follicular architecture 
further complicates cytological distinction. In doubtful cases, 
molecular testing may be required.

Follicular adenoma, a benign epithelial tumor, was frequently 
encountered in our radiation-exposed cohort. Cytologically, 
these lesions were characterized by monolayered follicular 
cells with round, smooth nuclear contours and an absence of 
pseudoinclusions. The orderly architecture and presence of dense, 
homogeneous colloid further supported their benign nature.
Discussion.

The analysis of thyroid nodular lesions among residents of 
eastern Kazakhstan, who were exposed to radiation from the 
Semipalatinsk Nuclear Test Site (SNTS), remains a highly 
relevant field of scientific inquiry. Given the pronounced 
radiosensitivity of thyroid tissue, early detection of precancerous 
conditions and consistent monitoring of morphofunctional 
changes are critical for minimizing oncological risks in this 
population. The results of this study may serve as a foundation 
for the development of targeted screening programs and 
ongoing medical support for individuals living in radiation-
affected areas.

A comparative generational analysis revealed that individuals 
from the first generation (born 1949–1962, during active 
atmospheric nuclear testing) showed the highest incidence 
of malignant thyroid lesions. The second generation (1963–
1983) continued to demonstrate elevated risk, albeit to a lesser 
extent. The third generation (post-1983), who experienced 
lower radiation exposure, exhibited the lowest incidence of 
malignancy, which may be attributed to the gradual reduction in 
environmental radiation levels [2,18].

Cytological examination confirmed that the majority of 
papillary thyroid carcinoma (PTC) cases were diagnosed in 
the first generation, highlighting the role of ionizing radiation 
as a key etiological factor. Follicular tumors, including benign 
follicular adenomas, were also frequently observed in this 
cohort, warranting further investigation into their radiation-
induced pathogenesis.

The introduction of the NIFTP (non-invasive follicular thyroid 
neoplasm with papillary-like nuclear features) concept has 
helped reduce diagnostic ambiguity and improved the clinical 
management of indeterminate thyroid lesions. Nonetheless, 
the identification of refined diagnostic criteria and additional 
morpho-molecular markers remains essential for improving 
accuracy and clinical outcomes.

The predominance of PTC and the presence of FVPTC in 
exposed cohorts are consistent with observations after other 
nuclear accidents, such as Chernobyl and Fukushima, as well as 
previous studies from Semipalatinsk [13].

Overall, the study of thyroid nodular lesions in radiation-
exposed populations continues to be a priority for thyroid 
pathology research. The current findings offer valuable insights 
into radiation-induced thyroid abnormalities and contribute to 
the development of early diagnostic and preventive strategies 
for populations residing in former nuclear testing zones.

FNAB remains the most effective screening tool for evaluating 
thyroid nodules, particularly in extreme and maximum radiation 
risk populations. Its ability to accurately distinguish malignant 
from benign nodules reduces the need for unnecessary surgical 
interventions and improves patient outcomes. Based on 
the cytological findings and existing diagnostic criteria, we 
synthesized practical diagnostic algorithms for differentiating 
benign and malignant thyroid nodules. These are presented 
in Figures 2–4 and are discussed in the context of previously 
published classifications and our clinical observations.

Morphological characteristics play an important role in the 
differential diagnosis of nodular thyroid diseases, especially in 
populations exposed to radiation. Taken together, the algorithms 
for diagnosing malignant and benign tumors illustrate the 
comprehensive importance of morphological assessment in 
thyroid pathology. Their implementation in clinical practice not 
only increases the accuracy of cytological examination by fine-
needle aspiration biopsy, but also optimizes patient treatment 
outcomes by providing a balanced approach between surgical 
intervention and conservative therapy.

The algorithm for malignant thyroid lesions emphasizes the 
cytological features that define each nosological unit, clearly 
describing the diagnostic criteria, which helps to make the 
correct diagnosis, ensuring timely and correct treatment 
decisions for high-risk patients.

Equally important is a systematic approach to benign thyroid 
nodules, where morphological assessment prevents unnecessary 
surgical interventions. Diagnostic criteria allow benign, 
inflammatory and autoimmune diseases to be distinguished from 
malignant ones. The link between these cytological patterns and 
conservative treatment strategies highlights the practical value of 
morphological diagnosis in reducing the frequency of overtreatment 
and determining appropriate treatment tactics for patients.

Generation Suspicious 
neoplasms

Follicular 
adenoma

Papillary thyroid 
carcinoma

Follicular 
variant of PTC

Medullary 
carcinoma  Total number    χ², p

First generation 23 21 22 2 1 69
24.88
0.0016

Second generation 15 24 20 2 0 61
Third generation 2 0 0 2 0 4

Table 1. Distribution of thyroid diagnoses by generation.



205

Figure 3. Distribution of cytomorphological features by thyroid diagnosis.

Figure 4. Main cytological features of benign and malignant thyroid diseases.

Figure 5. Algorithm for cytological diagnosis of malignant thyroid diseases.
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Figure 6. Algorithm for cytological diagnosis of benign thyroid diseases.

Advantages.
The study addresses the long-term effects of radiation exposure 

from the Semipalatinsk Nuclear Test Site (SNTS) on thyroid 
pathology, which represents a significant public health issue 
with both scientific and clinical implications. A comparative 
evaluation of cytological features across three generations 
of residents provides novel insights into dose-dependent 
patterns of thyroid pathology associated with different periods 
of radiation exposure. The integration of clinical, ultrasound, 
and cytological data strengthens the robustness of the results 
and ensures a multidimensional assessment of thyroid nodular 
disease.
Disadvantages.

The predominance of female and Kazakh participants may 
limit the generalizability of the findings to more diverse 
populations. Individual radiation doses were not directly 
quantified and were estimated based on birth period and place 
of residence, in accordance with the official classification of the 
studied territories as extreme and maximum radiation risk zones 
under the Law of the Republic of Kazakhstan. All patients were 
indigenous and permanent residents of these territories, which 
minimizes the risk of exposure misclassification. Selection bias 
may also be present, as the study included only individuals who 
attended medical facilities and underwent FNAB, however, it 
should be noted that annual medical check-ups for patients with 
thyroid nodules are routinely conducted in these regions, which 
provides broader coverage of the affected population.
Conclusion.

The Semipalatinsk Nuclear Test Site has had a significant 
impact on the prevalence of thyroid cancer among residents of 
surrounding territories, especially within the first and second 
generations. The effects of radiation are reflected in distinctive 
cytological features, particularly in cases of papillary thyroid 

carcinoma and its follicular variant. Modern screening 
techniques enable the detection of these tumors at early stages, 
which is essential for the prevention and management of 
radiation-induced malignancies.

Cytological features remain a critical tool in the differential 
diagnosis of thyroid tumors. Among radiation-exposed 
individuals, PTC and FVPTC are characterized by nuclear 
grooves and pseudoinclusions, whereas follicular adenomas 
retain benign nuclear contours and lack pseudoinclusions. 
Fine-needle aspiration biopsy (FNAB) facilitates accurate 
tumor characterization and helps prevent unnecessary surgical 
interventions in benign cases.
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