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Abstract 
Background. This review examines recent advances in the identification of molecular markers using next-generation 

sequencing and microarrays. The potential for using these tumor markers to differentiate the most common sporadic forms of 
thyroid cancer is presented and compared. Public databases with datasets obtained from high-throughput experiments are a 
valuable source of information that helps tumor marker research in general, including the identification of molecular 
signatures of thyroid tumors. 

The aim of this review is to analyze well-established tests with a special emphasis on the effective role of new potential 
thyroid tumor markers based on modern data on the molecular genetic mechanisms involved in the tumor process. 

Search strategy. To conduct the study, articles in the public domain were analyzed using the following databases and 
specialized search engines for scientific publications: PubMed, Web of Science, Scopus, Google Scholar, Cochrane Library. 
Inclusion criteria: publications with a high level of evidence (level A and B), including meta-analyses, systematic reviews and 
cross-sectional studies. Short reports and advertising articles were excluded. 

Results and conclusions. The literature review is devoted to the problem of prognostic significance of genetic tumor 
markers of thyroid gland tumors. Various types of tumor markers of thyroid gland tumors are presented, including tumor 
markers of benign neoplasms. The significance of tumor markers of thyroid gland tumors is substantiated. 
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Актуальность. Настоящий обзор рассматривает последние достижения в области идентификации 
молекулярных маркеров посредством секвенирования нового поколения и использования микрочипов. 
Представлены и сопоставлены возможности применения данных онкомаркеров для дифференциации наиболее 
распространённых спорадических форм рака щитовидной железы.  Публичные базы данных с наборами данных, 
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полученными в результате высокопроизводительных экспериментов, являются ценным источником информации, 
которая помогает исследованиям онкомаркеров в целом, включая выявление молекулярных признаков опухолей 
щитовидной железы. 

Целью обзора является анализ хорошо зарекомендовавших себя тестов с особым акцентом на эффективную 
роль новых потенциальных онкомаркеров щитовидной железы, основанных на современных данных о молекулярно-
генетических механизмах, вовлечённых в опухолевый процесс. 

Стратегия поиска. Для проведения исследования были проанализированы статьи, находящиеся в открытом 
доступе, с использованием следующих баз данных и специализированных поисковых систем научных публикаций: 
PubMed, Web of Science, Scopus, Google Scholar, Cochrane Library. Критерии включения: публикации с высоким 
уровнем доказательности (уровень A и B), включающие мета-анализы, систематические обзоры и поперечные 
исследования. Исключены короткие отчёты, рекламные статьи. 

Результаты и выводы. Литературный обзор посвящен проблеме прогностической значимости генетических 
онкомаркеров опухолей щитовидной железы. Представлены различные виды онкомаркеров опухолей щитовидной 
железы, в том числе и онкомаркеры доброкачественных новообразований. Обоснована значимость онкомаркеров 
опухолей щитовидной железы. 

Ключевые слова: маркеры опухолей щитовидной железы, маркеры, опухоль щитовидной железы, 
диагностическая ценность маркеров щитовидной железы  
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Сәйкестік. Сәйкестік. Бұл шолуда келесі ұрпақ секвенциясы мен микромассивтерді пайдалана отырып, 

молекулалық маркерлерді анықтаудағы соңғы жетістіктер талқыланады. Қалқанша безінің ең жиі кездесетін 

спорадикалық ісіктерін ажырату үшін осы биомаркерлерді пайдалану мүмкіндігі ұсынылған және салыстырылған. 

Жоғары өнімді эксперименттерден алынған деректер жиыны бар жалпыға қолжетімді дерекқорлар жалпы 

биомаркерді зерттеуге, соның ішінде қалқанша безінің ісіктерінің молекулалық белгілерін анықтауға көмектесетін 

құнды ақпарат көзі болып табылады. 

Мақсат. Бұл шолудың мақсаты қалқанша безінің ісіктерінің пайда болуына ықпал ететін молекулалық-

генетикалық оқиғалар туралы соңғы білімге негізделген жаңа әлеуетті қалқанша безінің биомаркерлерінің тиімді 

рөліне ерекше назар аудара отырып, жақсы қалыптасқан сынақтарды қарастыру болып табылады. 

Іздеу стратегиясы. Зерттеуді жүргізу үшін ашық қолжетімді мақалалар PubMed, Web of Science, Scopus, Google 

Scholar, Cochrane Library сияқты дерекқорлар мен ғылыми жарияланымдарды іздеуге арналған мамандандырылған 

іздеу жүйелерін пайдалана отырып талданды. Іріктеу критерийлері: жоғары дәлелдеме деңгейіндегі (A және B 

деңгейі) жарияланымдар, соның ішінде мета-талдаулар, жүйелі шолулар және көлденең зерттеулер. Қысқаша 

есептер мен жарнамалық мақалалар алынып тасталды. 

Нәтижелер мен қорытындылар. Әдебиеттерге шолу қалқанша безі ісіктерінің генетикалық ісік маркерлерінің 

болжамдық маңыздылығы мәселесіне арналған. Қалқанша безінің ісіктері үшін ісік маркерлерінің әртүрлі түрлері 

ұсынылған, соның ішінде қатерсіз ісіктердің ісік маркерлері. Қалқанша безінің ісіктері үшін ісік маркерлерінің 

маңыздылығы дәлелденді. 

Түйінді сөздер: қалқанша безі ісіктерінің маркерлері, маркерлер, қалқанша безінің ісігі, қалқанша безінің 

маркерлерінің диагностикалық мәні. 
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Introduction 
Thyroid tumors are a heterogeneous group of diseases 

that include both well-differentiated and benign neoplasms, 
such as goiter nodules, and malignant neoplasms, including 
differentiated cancers of follicular origin, as well as poorly 
differentiated, undifferentiated, medullary and anaplastic 
forms of cancer, all of which arise as thyroid nodules. 
Thyroid malignancies account for approximately 2% of all 
cancer cases worldwide [12]. 

Radiation is an environmental factor that increases the 
risk of developing thyroid cancer. There are many actual 
and potential situations involving exposure to both external 
and internal radiation. [50]. The Chernobyl nuclear power 
plant accident on April 26, 1986, resulted in significant 
radioactive contamination of Belarus, Ukraine, and western 
Russia. As a result of the release of large amounts of 
radionuclides from the damaged reactor, there was an 
increase in the incidence of thyroid cancer among people 
exposed to radiation in childhood and adolescence. This 
phenomenon was first recorded in Belarus, then in Ukraine 
and Russia. Studies have confirmed an increased risk of 
thyroid disease caused by exposure to iodine-131. The 
main medical consequence of the accident was an increase 
in the incidence of thyroid cancer among the affected 
population [13] 

Territory of Semipalatinsk Nuclear Test Site (NTS) is 
one of the most well-known locations associated with a 
sharp increase in radiation-induced diseases, primarily 
related to exposure to radioactive iodine isotopes [32]. The 
interaction of factors leads to a significant increase in the 
frequency of thyroid neoplasms, the risk of which continues 
to exceed the national average and is observed to this day 
[1]. 

Given that thyroid cancer includes a wide spectrum of 
neoplasms that differ in molecular and histological 
characteristics, as well as in clinical course, there is a need 
to develop reliable tumor markers for accurate diagnosis 
and treatment. Such tumor markers are also important for 
preoperative classification of thyroid nodules, about 15–
30% of which remain diagnostically indeterminate based on 
fine-needle aspiration (FNA) biopsy results [45,22]. 

biomarkers may include genetic materials, proteins, 
chemical modifications, and other molecular characteristics 
that can be measured based on clinical, pathological, 
radiological, and other data. In recent years, the rapid 
development of high-throughput technologies has facilitated 
the identification of many new thyroid cancer tumor 
markers. These markers not only facilitate accurate 
diagnosis and, in some cases, early detection of the 
disease, but also provide important information for clinical 

decision-making in patients with thyroid cancer. This review 
provides a comprehensive analysis of current advances in 
the study of genetic and epigenetic changes, as well as 
protein expression, considered as thyroid tumor tumor 
markers. 

The aim of this review is to analyze well-established 
tests with a special emphasis on the effective role of new 
potential thyroid tumor markers based on modern data on 
the molecular genetic mechanisms involved in the tumor 
process. 

Search strategy. The study analyzed full-text 
publications in English and Russian devoted to the 
prognostic significance of genetic tumor markers of thyroid 
tumors. The search was conducted in the following 
databases: PubMed, Web of Science, CyberLeninka, 
Google Scholar, using relevant keywords. Publications for 
the period from 2013 to 2023, mainly foreign and in English. 
In the process of analysis, sources from more recent years, 
such as 2009, 2011 and 2012, were used, as they contain 
key information necessary for the study. These works 
provide the basic theoretical framework, conceptual 
approaches, comparative data and evidence that contribute 
to a comprehensive understanding of the topic under 
consideration. The search identified over 114 publications, 
of which 62 met the inclusion criteria: level A and B 
evidence publications, including meta-analyses, systematic 
reviews, cohort and cross-sectional studies. Short reports, 
publications of low methodological quality, and conference 
proceedings were excluded. 

Results and conclusions: Thyroid cancers account for 
approximately 2% of all cancer cases worldwide. In 2016, 
there were an estimated 238,000 new cases of thyroid 
cancer and 43,000 deaths. The standardized incidence 
rates were 2.2 per 100,000 in men and 4.4 per 100,000 in 
women [12]. 

Over the past decades, there has been a steady 
increase in the incidence of thyroid cancer worldwide. 
According to the European Network of Cancer Registries, 
incidence rates in women were approximately three times 
higher than in men (9.3 and 3.1 cases per 100,000 person-
years, respectively). These rates vary by country, with the 
highest values reported in Lithuania, Italy, Austria, Croatia, 
and Luxembourg per 100,000 people. At the same time, the 
estimated mortality rates from thyroid cancer remain low 
(0.7 and 0.5 cases per 100,000 person-years for women 
and men, respectively), and show smaller regional and 
temporal variations [16]. 

The increase in incidence is almost entirely due to the 
increase in differentiated thyroid cancer (DTC), particularly 
papillary thyroid cancer (PTC), while the incidence of 
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follicular (FT), anaplastic (APTC), and medullary thyroid 
cancer (MTC) has remained relatively stable over the past 
30 years. Increased use of imaging techniques, biopsy 
procedures (eg, fine-needle aspiration), and improved 
access to health care have facilitated the detection of small, 
subclinical forms of PTC. There is growing support for more 
conservative, risk-based thyroid cancer management 
strategies, including active surveillance [4,5]. 

The use of molecular diagnostics has advanced 
significantly over the past 10-15 years: a number of 
previous generation tests remain relevant, but many of 
them are being replaced by next generation sequencing 
(NGS) platforms. generation Recent studies have shown 
that detection of mutations in BRAF, RAS, RET/PTC, and 
PAX8/ PPARγ genes in clinical fine needle aspiration (FNA) 
specimens improves the diagnostic accuracy of FNA 
cytology. However, current diagnostic tests still show 
insufficient sensitivity and specificity [58]. 

RAS mutations play a significant role in thyroid 
tumorigenesis, but their diagnostic value remains limited 
when used alone. New studies suggest that when combined 
with other markers, they may improve prognostic value and 
stability of clinical management, especially in the non-
surgical approach to benign nodules and cancers with an 
excellent prognosis. [57] RAS mutation testing has been 
proposed to clarify such cases, but the presence of non-
invasive follicular thyroid tumors, which often contain RAS 
mutations and have a benign course, reduces their 
specificity [41]. The presence of RAS mutation in benign 
nodules suggests conservative treatment, and RAS 
mutations should be considered in combination with other 
genetic alterations for clinical significance [33]. 

The diagnostic and prognostic significance of RAS 
mutations remains uncertain because they are found not 
only in thyroid cancer but also in benign follicular adenomas 
(FA). RAS mutations are predominantly found in tumors of 
follicular cell origin, such as FA, follicular thyroid cancer 
(FTC), and follicular variant of papillary thyroid cancer 
(FVPTC), which are difficult to differentiate as benign or 
malignant based on cytology alone. Therefore, preoperative 
FNAB of these tumors often yields an indeterminate 
cytological diagnosis [42].  

Molecular diagnostics using FNA with somatic mutation 
analysis improves diagnostic accuracy in follicular thyroid 
lesions, increasing sensitivity to 80% compared to FNA. 
Although BRAF mutations indicate malignancy in all cases, 
RAS mutations are associated with cancer in only 19–57% 
of cases [15, 29,48]. 

The identification of the BRAF V600E mutation in 
papillary thyroid carcinoma (PTC) in 2003 was one of the 
first molecular discoveries linking a specific genetic variant 
to the histological picture of the disease. The BRAF V600E 
mutation is a highly specific but insensitive marker for 
thyroid cancer, especially in the case of indeterminate 
thyroid nodules (ITNs). thyroid nodules), where the 
presence of BRAF V600E is detected in less than 10% of 
molecularly tested aspirates [26]. This has stimulated 
research into the development of mutation panels that could 
improve the sensitivity of tests (SN - test sensitivity) for 
more efficient detection of malignant nodes. One of the first 
such studies was a prospective multi-institutional study that 
assessed BRAF V600E, BRAF K601E mutations, NRAS, 

KRAS, HRAS gene codons, as well as RET/PTC 1/3 
rearrangements and PAX/ PPARγ fusions [39]. This panel 
demonstrated high specificity: 97% of mutation-positive 
nodes were histologically malignant, but the sensitivity was 
only 62%, since not all malignant neoplasms contained 
variants or fusions detected by this panel [14]. 

Currently, various molecular markers are used to 
improve diagnostic accuracy in cases of indeterminate or 
suspicious cytology tests and to detect mutations in clinical 
fine-needle aspiration specimens of thyroid nodules. In 
addition to BRAF mutation, detection of mutations in the 
RAS, RET/PTC, and PAX8/ PPARγ genes also facilitates 
the diagnosis of thyroid cancer [51]. However, nodules with 
non-atypical indeterminate cytology are considered to have 
a 20% to 30% risk of malignancy, whereas only 5%–15% of 
nodules with follicular lesion of indeterminate significance 
are found to be malignant in the postoperative period. 
Moreover, 70%–85% of cytologically indeterminate nodules 
that are resected are found to be benign, which 
retrospectively imposes an undue burden of risk and cost 
on the patient. In this regard, the search for reliable 
preoperative molecular tumor markers has become a 
priority task [44,45]. Up to 70% of thyroid cancer cases 
contain at least one known genetic mutation. 

Ideally, detection of genomic mutations can be used to 
characterize indeterminate nodules and prevent or minimize 
unnecessary surgery. Point mutations in one of three genes 
- NRAS, KRAS, and HRAS - are currently the second most 
common genetic alterations in thyroid cancer, second only 
to mutations in the BRAF gene [36, 31]. 

Another molecular marker is the chimeric oncogene 
PAX8-PPARγ, which is formed as a result of a balanced 
translocation between chromosome 2 (exons 7, 8 or 9) and 
chromosome 3 (exon 1), in which PAX8 (paired-box 
transcription factor 8, 2q13) and the PPARγ gene 
(peroxisome proliferator -activated receptor, 3p25) are 
combined. PAX8-PPARγ gene rearrangements are found in 
30–35% of follicular thyroid carcinomas (FTC). Tumors with 
such rearrangements are characterized by a solid growth 
pattern and are associated with vascular invasion. 
However, PAX8-PPARγ rearrangements are also found in 
2–10% of follicular adenomas, which limits their differential 
diagnostic value as independent markers [2]. 

The role of molecular diagnostics in determining 
benign and malignant diagnosis 

Molecular testing has become an important clinical tool 
for assessing the risk of malignancy in patients with 
indeterminate thyroid nodules. It has the potential to bias 
the risk of malignancy by providing clinicians with accurate 
data to guide decisions on conservative observation or 
surgical intervention [46]. In the United States, three 
molecular tests are most commonly used: Afirma GSC, 
ThyGeNEXT / ThyraMIR, and Thyroseq v3 (TSv3). These 
platforms use different approaches to gene mutation and 
fusion analysis, providing clinicians with information on the 
likelihood of malignancy. 

Afirma GSC uses next-generation RNA sequencing to 
analyze the transcriptome and uses machine learning 
algorithms to assess risk. The multi-platform ThyGeNEXT / 
ThyraMIR test combines targeted mutation sequencing and 
microRNA classification for more accurate risk stratification. 
TSv3 examines mutations, gene fusions, and expression 
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changes, assessing changes in 112 genes associated with 
thyroid cancer. Each of these tests provides accurate data 
to help physicians make informed decisions about the 
management of thyroid nodules [54]. 

The multiplatform test underwent analytical validation 
and clinical evaluation in a retrospective, blinded, 
multicenter study. In 19% of the cases in this study, 
unanimous histopathological conclusions could not be 
reached, and these cases were excluded from the analysis. 
In a sample of patients with indeterminate thyroid nodules 
(n=197) with a disease prevalence of 30%, test results were 
categorized by malignancy risk as positive, moderate, or 
negative. Moderate risk was identified in 28% of patients, 
and the malignancy rate in this group matched the baseline 
cancer prevalence (30%). Patients with confirmed 
malignant histology were classified as true positive, and 
those with benign histology as true negative. This supported 
the overall sensitivity and specificity of the test. However, 
data from patients with moderate risk were not included in 
the calculations of positive and negative predictive values 
[54,22]. 

Adjusted for histological subtypes, the assay demonstrated 
95% sensitivity and 90% specificity. Negative results excluded 
disease with a 97% negative predictive value, and positive 
results excluded high-risk malignancies with a 75% positive 
predictive value. The updated next-generation sequencing 
panel improved the detection of strong driver mutations by 8%, 
including the most common BRAF V600E and telomerase 
reverse transcriptase mutations. Paired microRNA analysis for 
the diagnosis of medullary thyroid cancer demonstrated 100% 
accuracy [10, 17]. 

An update to the test including miR-21 and microRNA 
expression related interplay (MPTXv2) showed a significant 
reduction in the proportion of patients with intermediate risk 
and an improvement in positive predictive value to 96% and 
negative predictive value to 99%. Independent studies of 
the test's performance have not yet been conducted, but an 
analysis of pediatric tumors showed a sensitivity of 70% 
and a specificity of 96% [17,18]. 

According to recent studies and clinical data, the BRAF 
mutation serves not only as a diagnostic marker but also as 
a prognostic indicator. The MAPK/ERK (mitogen-activated 
protein kinase/extracellular signal-regulated kinase) and 
PI3K/Akt (phosphatidylinositol 3-kinase/protein kinase Akt) 
signaling pathways play an essential role in transduction 
systems involving ligands, transmembrane receptors, and 
cytoplasmic second messengers, which act on the cell 
nucleus to regulate gene expression associated with critical 
cellular processes such as growth, proliferation, and 
apoptosis. Mutations or aberrant expression of genes 
encoding proteins in these pathways (RET, RAS, BRAF, 
PI3K, PTEN, AKT) are observed in thyroid cancer 
originating from follicular cells [30, 23]. 

In follicular cell-derived tumors, RAS mutations are 
most commonly detected in follicular adenomas, follicular 
thyroid carcinoma (FTC), and follicular variant papillary 
thyroid cancer (FVPPC), which are challenging to classify 
as benign or malignant based on cytology alone. Detection 
of RAS mutations is particularly clinically relevant for this 
group: in a recent study of 67 nodules with RAS mutations, 
cytology showed malignancy in 3% of cases, benignity in 
3%, and indeterminate results in 94% [21]. 

In a study by Nikiforov et al., an analysis of biopsy 
samples with indeterminate cytology showed that RAS 
mutation was the most frequent (72%), followed by BRAF 
(21%), PAX8-PPAR (6%), and RET/PTC (1%) mutations 
[43]. The likelihood of malignancy in cases with RAS 
mutation was 85%, consistent with other studies reporting 
rates between 74% and 88% [36, 40, 61]. 

RET/PTC mutations are found in around 20% of adult 
patients with sporadic papillary thyroid carcinoma. Although 
these mutations can be identified using reverse 
transcription-quantitative polymerase chain reaction (RT-
qPCR), this technique is seldom applied in clinical practice 
due to challenges in standardization. The reported 
prevalence of RET/PTC mutations varies widely across 
studies, which can be attributed to differences in detection 
sensitivity, as well as geographic diversity and genetic 
heterogeneity [59, 34]. Thus, radiation-induced RET and 
NTRK1 rearrangements in post-Chernobyl papillary thyroid 
carcinomas have important phenotypic and clinical 
implications [34,37]. 

The distribution of RET/PTC rearrangements within a 
tumor can also be heterogeneous, ranging from clonal 
RET/PTC mutations present in only a small fraction of 
tumor cells to non-clonal RET/PTC mutations. This 
heterogeneity complicates the diagnosis and 
characterization of papillary thyroid carcinomas [34,39]. 
RET/PTC can be detected in cytological specimens using 
RT- qPCR, which is uncommon in clinical practice and 
difficult to standardize. Clinical studies have shown the 
presence of RET/PTC in 30-50% of papillary carcinomas 
detected in fine-needle aspiration cytological specimens, 
but this assay is complex and effective only in combination 
with other markers [44,45]. 

The role of molecular genetic testing in predicting 
the prognosis of thyroid cancer 

Molecular genetic testing serves as an important tool for 
assessing patient prognosis by identifying specific 
mutations present in thyroid cancer. Certain genetic 
mutations are linked to increased tumor aggressiveness, 
lymph node metastasis, dedifferentiation, and a diminished 
response to radioactive iodine treatment. The primary 
mutational mechanisms involved in thyroid cancer 
development include point mutations in the BRAF, RAS, 
TERT, RET, and TP53 genes, along with gene fusions such 
as RET/PTC, PAX8/PPARγ, and NTRK. [24]. The 
importance of molecular genetic testing for thyroid tissues, 
performed both preoperatively and postoperatively, is 
steadily increasing. By classifying genetic mutations in 
thyroid cancer into types like BRAF-like, RAS-like, and non-
BRAF-non-RAS-like, it becomes possible to better evaluate 
the risk of complications, such as the spread beyond the 
thyroid or lymph node involvement [39, 4]. For example, a 
retrospective analysis by Tang et al found a statistically 
significantly higher frequency of T4 tumors and N1b lymph 
node metastasis in tumors with BRAF-like mutations (22%) 
compared with other classes (≤6%) among other 
aggressive tumor characteristics [55]. 

In 2020, the panel was expanded to 593 genes, 
enabling XA to detect 905 variants and 235 gene fusions. 
The results of the Afirma XA classifier provide significant 
prognostic information; for instance, nodules with a 
molecular profile distinct from RAS and BRAF mutations 
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have a lower risk of lymph node metastasis and spread 
beyond the thyroid [27]. A large retrospective study 
conducted by Hu and colleagues showed that 44% of 
Bethesda III/IV nodules and the majority of Bethesda V/VI 
nodules (87%) contained at least one genomic variant or 
fusion, which may help improve individualized therapeutic 
decisions [25,5, 4]. 

A study by Korean scientists determines the relationship 
between age and the risk of recurrence in patients with 
papillary thyroid cancer (PTC) who have been identified as 
having the BRAFV600E mutation. The study indicated that 
younger patients (under 35 years) with a positive 
BRAFV600E result face a considerably higher risk of 
recurrence than older patients (over 55 years). At the same 
time, in patients with BRAFV600E-negative PTC, age did 
not significantly affect the risk of recurrence. These results 
highlight the importance of considering both age and 
BRAFV600E mutation status when developing 
individualized treatment strategies and surveillance plans 
for patients with PTC [ 47]. 

Research indicates that genetic alterations, notably 
BRAF V600E and TERT mutations, are commonly found in 
thyroid nodules with suspicious cytology (Bethesda VI) and 
are linked to aggressive disease progression [30, 38]. In a 
study conducted by Labourier and colleagues, the BRAF 
V600E mutation was identified in 70-75% of such cases, 
while TERT mutations were present in 11% [30]. Patients 
with these mutations tend to have a higher likelihood of 
extrathyroidal tumor spread, lymph node metastasis, and a 
greater risk of recurrence [38]. 

Molecular tests, such as TSv3, provide a more accurate 
evaluation of thyroid cancer risk in patients with 
indeterminate cytology. Skaugen et al., for example, 
demonstrated that TSv3 has high sensitivity and specificity 
in detecting malignant nodules categorized as Bethesda V 
[52]. Moreover, TSv3 results allow for stratifying patients 
according to molecular risk, improving disease prognosis 
and aiding in optimal treatment planning. 

The study by Hescot and colleagues highlighted that the 
molecular profile identified through TSv3 can effectively 
predict disease outcomes in patients with poorly 
differentiated thyroid cancer [23]. Patients with high-risk 
molecular profiles, such as TERT and TP53 mutations, 
were more prone to distant metastasis and had worse 
survival rates. 

Molecular genetic markers play a key role in the 
development of diagnostic panels aimed at improving 
sensitivity, specificity, and positive and negative predictive 
values [19]. The positive predictive value (PPV) shows how 
many patients actually have the disease if the test detects 
it, and the negative predictive value (NPV) indicates how 
many patients have benign changes with a negative test 
result [53]. Panels that include mutations of genes such as 
BRAF, KRAS, HRAS, and others show high PPV and 
specificity, which can reduce the need for surgical 
interventions in cases of low risk of malignancy [43, 60]. 

The use of panels based on genetic mutations and 
rearrangements, such as ThyroSeq, increases the accuracy 
of diagnosis of malignant and benign lesions [35,8]. These 
panels are particularly effective in the case of indeterminate 
cytological test results, such as changes of undetermined 
significance (CUS) and follicular indeterminate changes 

(FUC). For example, the use of a 7-gene panel can 
significantly reduce the risk of malignancy and recommend 
less aggressive surgical interventions [21,49]. 

In addition, panels based on microRNA analysis are 
promising, which allow differentiation between benign and 
malignant tumors with high accuracy [28,7]. Commercial 
products such as RosettaGX Reveal ™ and ThyraMIR ™ 
offer high NPV and sensitivity rates, making them important 
tools in clinical practice, especially in pediatrics and when 
cytology results are inconclusive [3]. 

It is important to note that there are currently no 
standardized guidelines for making management decisions 
based on the detection of most genetic alterations found in 
thyroid nodules, regardless of cytological category. In case 
of indeterminate nodules, the main focus is on diagnosing 
their benign or malignant nature [6]. The prognostic value of 
molecular alterations in thyroid nodules and their impact on 
cytological diagnosis still requires further study in 
prospective multicenter studies [62]. In addition, the 
performance of molecular tests is usually assessed without 
taking into account other clinically relevant factors, such as 
family history of thyroid cancer, hereditary syndromes, 
radiation exposure, and ultrasound data. One promising 
area of research is the identification of aggressive forms of 
thyroid cancer that may be candidates for systemic targeted 
therapy, including in the neoadjuvant setting [14]. 

Conclusions 
In summary, In the modern era of molecular analysis, 

genetic markers have emerged as effective tools for assessing 
the growth and progression of thyroid tumors. Molecular 
biomarkers not only aid in classifying tumor subtypes and 
predicting disease outcomes but also hold promise for the 
development of molecular therapies targeting cancers resistant 
to conventional treatments. The identification of specific genetic 
alterations and mechanisms underlying thyroid cancer 
development is anticipated to lead to more personalized 
treatment approaches for patients with advanced and recurrent 
forms of the disease. Utilizing molecular testing to identify 
therapeutic targets could carry significant clinical implications. 
Understanding molecular mutations, gene fusions, and 
expression profiles, especially in the most aggressive forms of 
thyroid cancer, is likely to further drive the discovery and 
development of new drugs globally. Despite the molecular 
changes identified, the precise role of molecular biomarkers in 
the formation of different thyroid tumor subtypes remains 
incompletely understood. 
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