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THYROID CANCER: ASPECTS OF MORPHOLOGICAL DIAGNOSTICS
AND NANOTECHNOLOGIES

Abstract. Thyroid cancer (TC) shows a steady upward trend in incidence
worldwide and in Ukraine, which makes it important to improve approaches to its
diagnosis and treatment. The aim of this study was to analyze current literature on the
morphological features of TC and the potential use of molecular biomarkers and
nanotechnologies in its diagnosis. The main histological types of tumors, their
prognostic significance, and problematic aspects of morphological verification,
particularly in follicular neoplasms, are highlighted. The role of molecular markers
(RET, BRAF, RAS) in differential diagnosis, prognosis, and the selection of
personalized therapy is demonstrated. The prospects for the use of nanoparticles,
nanosensors, drug delivery nanosystems, and nanoimaging technologies for early

detection and improved biopsy accuracy are discussed. The use of innovative
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molecular and nanotechnological approaches expands the possibilities for early
diagnosis and improves treatment outcomes for patients with TC.
Keywords: thyroid cancer, incidence, morphological diagnosis, biomarkers,

nanotechnology

Over the past decades, thyroid cancer (TC) has shown a consistent increase in
incidence worldwide, making it one of the most dynamic forms of oncological
pathology. Current concepts of carcinogenesis indicate that a significant proportion of
malignant neoplasms are associated with the influence of anthropogenic factors,
including chemical compounds, physical and biological agents, pharmacological
substances, occupational hazards, and complex exogenous exposures. These factors
play a crucial role in the development of the majority of clinicopathological forms of
TC[1].

Within the histological spectrum of TC, differentiated carcinomas
predominate—papillary (60—-80%) and follicular (15-30%)—which are characterized
by a relatively favorable course and high survival rates. Medullary carcinoma, arising
from parafollicular C-cells, accounts for 7-10% of cases and exhibits intermediate
prognostic features. Undifferentiated (anaplastic) tumors of uncertain histogenesis
(2-5%) demonstrate aggressive clinical behavior and are associated with unfavorable
prognosis [2].

According to global epidemiological data (GLOBOCAN 2022), in 2020,
586,000 new cases of thyroid cancer (TC) were registered worldwide, ranking it ninth
in the overall structure of oncological incidence. The crude incidence rate was 7.5,
while the age-standardized rate was 6.6 per 100,000 population. In Central and
Eastern European countries, incidence rates exceed the global average, partially
attributed to the effects of radionuclide contamination. However, high incidence
levels are also observed in several Western and Southern European countries that
were not significantly affected by radiation exposure, indicating a complex,

multifactorial etiology and the need for a broader analysis of disease determinants

13].
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In Ukraine, a pronounced upward trend in TC incidence is also evident,
particularly among women. Between 1989 and 2012, incidence more than doubled,
with an average annual increase of 5-6%. Territorial distribution shows considerable
variability: the highest rates are recorded in major urbanized regions, while the
western regions of the country demonstrate relatively lower incidence [1, 3-5].

Thyroid cancer remains a priority area in contemporary endocrinology,
endocrine surgery, oncology, and pathological anatomy. A key factor in improving
long-term prognosis is early detection of thyroid carcinomas, which allows for organ-
preserving treatment at initial tumor stages, minimizes postoperative complications,
and achieves sustained clinical outcomes. Consequently, new diagnostic algorithms
and therapeutic strategies are actively being developed to enhance treatment efficacy
and improve patients’ quality of life [4, 6, 7].

The aim of this study is to analyze current literature concerning the
morphological features of thyroid cancer (TC) and the potential applications of
nanotechnologies in its diagnosis. Most pathological changes characteristic of TC can
be verified using standard histological preparations stained with hematoxylin and
eosin. At the same time, a significant proportion of tumors exhibit ambiguous and
subjective morphological features, complicating the prediction of outcomes,
particularly in the case of follicular nodular lesions.

According to histological classification, TC is divided into well-differentiated
and undifferentiated (anaplastic) carcinomas originating from follicular epithelium,
while medullary carcinoma, arising from parafollicular C-cells, occupies an
intermediate prognostic position. Differentiated forms—papillary and follicular
adenocarcinomas—generally display a slow course and favorable prognosis. Among
all nodular lesions of the thyroid gland, differentiated TC accounts for approximately
5%, with papillary carcinoma representing about 80% of cases. Thyroid nodules are
frequently detected in population screenings (20-50% of cases), imposing a
substantial burden on endocrine healthcare services [6, 7].

Histological criteria based on mitotic count, presence of necrosis, and Ki67

index are applied to identify high-grade malignancies, as well as follicular-cell and
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medullary carcinomas. High-grade malignancy is defined by >5 mitoses per 2 mm? or
the presence of necrotic areas [7, 8].

Molecular biomarkers play a key role in the diagnosis, prognosis, and
monitoring of TC by detecting specific genetic or molecular alterations in thyroid
cells. The most significant markers include mutations in RET, BRAF, and RAS
genes, which assist in treatment planning, predicting disease progression, and guiding
surgical interventions. The use of molecular techniques such as polymerase chain
reaction, genome sequencing, and mass spectrometry supports therapy
personalization and enhances the accuracy of clinical decision-making [9, 10].

Nanotechnologies hold significant potential in the diagnosis and treatment of
malignant tumors, including thyroid cancer (TC), as they can enhance diagnostic
accuracy, facilitate early detection, and improve disease monitoring. The main
research directions include:

* Nanoparticles for tumor imaging (nanoimaging). Magneto-responsive
nanoparticles can accumulate in tumor tissues due to passive effects associated with
microcirculation characteristics. Once accumulated, they can be utilized for magnetic
resonance imaging, enhancing contrast and allowing more precise determination of
tumor size and localization. Some nanoparticles also emit light, which can be used for
fluorescent imaging during surgical resection or for monitoring tumor progression.
Currently, these technologies are in clinical research stages but show promising
prospects for broader implementation in the near future [11].

* Nanorobots. Microscopic machines introduced into the body that interact with
cells can be applied for targeted drug delivery or removal of pathological tissues,
offering potential for both therapeutic intervention and more precise diagnosis of TC
[12].

* Nanosensors. Sensors based on nanomaterials can detect specific tumor
biomarkers, circulating tumor cells, and extracellular vesicles, enabling early
detection of TC and improving treatment monitoring. One example is the targeted

Affi body-Au-Tripod nanosensor, which allows photoacoustic imaging of EGFR-
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positive cells with minimal cytotoxicity and high chemical and physical stability [11,
13].

* Nanotechnologies in biopsy. The use of nanorobots, nanosensors, and micro-
and nanoneedles allows tissue samples to be obtained with high precision and
minimal trauma. Nanocoatings on instruments enhance durability and
maneuverability. Additionally, nanotechnologies can be employed to label cells
within samples, increasing the accuracy of histological verification [14].

* Nanosystems for drug delivery. Organic (liposomes, polymer-based
nanoparticles, dendrimers) and inorganic (gold, carbon, mesoporous silica, magnetic,
and quantum dots) nanoparticles and their hybrids provide targeted delivery of
antitumor agents to TC cells. This approach reduces side effects, increases therapeutic
efficacy, and allows integration of screening, diagnosis, and treatment into a unified
system [15].

Thus, nanotechnologies significantly expand the capabilities for early diagnosis,
biopsy accuracy, and personalized treatment of thyroid cancer (TC). Although most
of these methods are still at the research stage, their integration into clinical practice
promises substantial improvements in treatment outcomes and patients’ quality of
life.

Early diagnosis and determination of the histological type of TC remain crucial
for predicting disease progression and selecting the optimal therapeutic strategy. The
use of molecular biomarkers in combination with contemporary techniques, such as
polymerase chain reaction, genome sequencing, and mass spectrometry, enables
precise verification of tumor cells, assessment of their aggressiveness, and
formulation of personalized treatment approaches [11, 16].

The application of nanotechnologies in TC diagnostics opens new avenues for
early detection and disease monitoring. Nanoparticles, nanosensors, nanorobots, and
nanoscale drug delivery systems not only enhance the accuracy of examinations and
biopsies but also enable effective targeted therapy with minimal side effects. The
implementation of such technologies in clinical practice has the potential to

significantly improve patient survival and post-treatment quality of life.
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Although many of these approaches are still under clinical investigation, current
evidence indicates their promise for integration into modern diagnostic and
therapeutic protocols for TC. Continued development of nanotechnologies and
molecular methods is expected to create highly effective strategies for screening,
early detection, and personalized therapy, offering patients a more favorable
prognosis and improved long-term clinical outcomes.

In conclusion, the contemporary approach to TC combines traditional
morphological methods, molecular diagnostics, and innovative nanotechnologies,
enhancing the precision of early tumor verification, optimizing treatment, and
improving patient quality of life. Ongoing research in this field remains critically
important for developing effective clinical protocols and integrating innovative

technologies into routine medical practice.

REFERENCES:

1. Kindrativ, E., Huryk, Z., & Chuiko, N. Thyroid cancer: Current classification,
aspects of morphological diagnostics, and nanotechnologies. Prykarpattian
Bulletin of the Shevchenko Scientific Society. 2024; 21(72), 17-28.
doi.org/10.21802/2304-7437-2024-21(71)-17-28.

2. Jung CK, Bychkov A, Kakudo K. Update from the 2022 World Health
Organization Classifi cation of Thyroid Tumors: A Standardized Diagnostic
Approach.  Endocrinol  Metab  (Seoul).  2022;37(5):703-718.  doi:
10.3803/EnM.2022.1553.

3. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries / H. Sung, J. Ferlay, R. L. Siegel et al.
CA Cancer J. Clin. 2021. Vol. 71, no. 3. P. 209-249. doi: 10.3322/caac.21660.

4. Lortet Tieulent J, Franceschi S, Dal Maso L, Vaccarella S. Thyroid cancer
«epidemic» also occurs in low and middle income countries. Int J Cancer.
2019;144(9):2082"2087. doi: 10.1002/ijc.31884.

5. Sydorenko OM, Sydorenko MO, Tymoshev MP. The epidemiology of thyroid

251



10.

11.

12.

13.

cancer in the twentieth and early twenty-first century in Ukraine and
Zaporizhzhia region. Current Issues in Pharmacy and Medicine: Science and
Practice. 2018; 3:322-325. doi: https://doi.org/10.14739/2409-
2932.2018.3.144485

Miranda-Filho A, Lortet-Tieulent J, Bray F, Cao B, Franceschi S, Vaccarella S,
Dal Maso L. Thyroid cancer incidence trends by histology in 25 countries: a
population-based study. Lancet Diabetes Endocrinol. 2021 Apr;9(4):225-234.
doi: 10.1016/52213-8587(21)00027-9. Epub 2021 Mar 1. PMID: 33662333.
Boucai L, Zafereo M, Cabanillas ME. Thyroid Cancer: A Review. JAMA. 2024
Feb 6;331(5):425-435. doi: 10.1001/jama.2023.26348. PMID: 38319329.

Tang L, Angell TE. Thyroid cancer. Semin Perinatol. 2025 Mar;49(2):152042.
doi: 10.1016/j.semperi.2025.152042. Epub 2025 Mar 13. PMID: 40089326.
Cancer Genome Atlas Research Network. Integrated genomic characterization
of papillary thyroid carcinoma. Cell. 2014; 159(3):676-90. doi:
10.1016/j.cell.2014.09.050.

Frohlich E, Wahl R. Nanoparticles: Promising Auxiliary Agents for Diagnosis
and Therapy of Thyroid Cancers. Cancers (Basel). 2021;13(16):4063. doi:
10.3390/cancers13164063.

Ezzat D, Amin SS, Shedeed HA, Tolba MA. New Nanorobots Movement
Control Strategy for Treating Cancer. International Journal of Service Science,
Management, Engineering & Technology. 2021; 12(4):1-15. doi:
10.4018/1JSSMET.2021070109

Esraa G, Arun K, Mahmood B, Ishnoor K, Abbas R, Tapan B. Scrutinizing the
therapeutic and diagnostic potential of nanotechnology in thyroid cancer:
Edifying drug targeting by nano-oncotherapeutics. Journal of Drug Delivery
Science and Technology. 2021; 61:1773-2247. doi:
https://doi.org/10.1016/j.jddst.2020.102221.

Faiz K, Lam FC, Chen J, Kasper EM, Salehi F. The Emerging Applications of
Nanotechnology in Neuroimaging: A Comprehensive Review. Front Bioeng
Biotechnol. 2022; 6(10):855195. doi: 10.3389/fbioe.2022.855195.

252



14.

15.

16.

Gopal S, Chiappini C, Penders J, Leonardo V, Seong H, Rothery S, Korchev Y,
Shevchuk A, Stevens MM. Porous Silicon Nanoneedles Modulate Endocytosis
to Deliver Biological Payloads. Adv Mater. 2019;31(12):e1806788. doi:
10.1002/adma.201806788.

Gui Y, Cheng K, Wang R, Liu S, Zhao C, Zhang R, Wang M, Cheng Z, Yang
M. Photoacoustic detection of follicular thyroid carcinoma using targeted Nano-
Au-Tripods(Review). Chinese Journal of Chemical Engineering. 2022; 44:1-7.
doi: https://doi.org/10.1016/j.cjche.2021.06.013.

Lam FC. Editorial: Nano-Imaging in Translational Cancer Medicine. Front
Bioeng Biotechnol. 2022; 10:969430. doi: 10.3389/fhioe.2022.96943012.
Masoud K, Marzieh SH, Ali MH, Majid M. Nanosensors and their applications
in early diagnosis of cancer, Sensing and Bio-Sensing Research. 2023;
41:100569. doi: https://doi.org/10.1016/j.sbsr.2023.100569.

253



