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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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.

© GMN

Key words. Thyroid cancer, fine-needle aspiration biopsy,
radiation exposure, cytology, papillary thyroid carcinoma,
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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” (Ne 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]. lonizing radiation,
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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 tothe Bethesda
System for Reporting Thyroid Cytopathology (BSRTC), with
each case classified into one of six categories: non-diagnostic
(D), benign (II), atypia of undetermined significance or follicular
lesion of undetermined significance (II1: 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



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).

Socio-demographic distribution: sex, age, ethnicity
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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 y? test,
the differences in the distribution of tumor types across the
three generations were statistically significant (y*> = 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
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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.

Thyroid disease prevalence by generation
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o Papillary thyroid carcinoma ® Suspicion of PTC Follicular adenoma

Follicular variant of PTC  ®Medullary carcinoma ® Suspicious neoplasms

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,



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.

Table 1. Distribution of thyroid diagnoses by generation.

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 Follicular Papi.llary thyroid Foll.icular Med.ullary Total number 2P
neoplasms adenoma carcinoma variant of PTC |carcinoma

First generation 23 21 22 2 1 69

Second generation |15 24 20 2 0 61 24.88

Third generation |2 0 0 2 0 4 0.0016
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Morphological Features by Diagnosis
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Figure 3. Distribution of cytomorphological features by thyroid diagnosis.

Main Cytological Features of Benign and Malignant Thyroid Processes

‘ Nodular goiter ‘

| FNAB is performed for nodules > 1 cm.

Main cytological features
of benign processes:

1) Uniform large tumor cells
with a standard arrangement
between the cells;

2) Nucleocytoplasmic shift
towards the cytoplasm:

3) Smooth contours of the
nuclear membrane:

4) Small nucleolus within the
nucleus.

Main cytological features
of malignant processes:

1) Tumor cells of varying
sizes. with irregular distances
between nuclei:

2) Nucleocytoplasmic ratio
shifted toward the nucleus:

3) Irregular contours of the
nuclear membrane:

4) Large nucleoli within the
nucleus

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

Algorithm for Cytological Diagnosis of Malignant Thyroid Diseases
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Figure 5. Algorithm for cytological diagnosis of malignant thyroid diseases.
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Algorithm for Cytological Diagnosis of Benign 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
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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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