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ABSTRACT

Relevance: Thyroid cancer (TC) is among the most significant malignant diseases of the head and neck, with a steadily growing
number of newly diagnosed cases throughout the world. Despite a relatively modest 17th place of TC in the structure of cancer incidence,
its treatment in recent decades has seriously worried scientists and physicians due to a very rapid increase in TC incidence among young
and middle-aged people. lodine deficiency decreases immune function, and the effects of ionizing radiation play a role in the development
of thyroid cancer. This leads to the development of a stratification system for well-differentiated thyroid cancer (WDTC) at the molecular
genetic level. This system is necessary to select patients at risk of progression and to apply aggressive radionuclide therapy and suppressive

hormone therapy only to those patients who need it.

The study aimed to systematize data from the current literature to assess the need to develop a prognostic stratification of patients with

WDTC based on molecular genetic testing.

Methods: A literature review of scientific publications was conducted from the PubMed search database from September 2017 to
December 2023. Inclusion criteria: publication date from 2017 to present for the main keywords: ‘High differentiated thyroid cancer”,
“ prognostic stratification of WDTC based on molecular tests, ‘WDTC mutation markers.” Some clinical studies of domestic and foreign

specialists were also considered.

Results: Based on a meta-review of literature data on prognostic stratification of WDTC patients, the rationale for expanding the panel
of genetic markers associated with aggressive forms of WDTC is presented, the importance of gene mutation in the occurrence of disease

recurrence, and the choice of adequate treatment is proven.

Conclusions: Research efforts are underway to find genetic and pathomorphologic predictors of the prognosis of the disease. Knowledge
of molecular and genetic mechanisms of tumorigenesis provides a wide range of opportunities for applying molecular diagnostics in
differential diagnosis, prognosis of the course of the disease, and treatment of aggressive forms of tumors.

Keywords: well-differentiated thyroid cancer (WDTC), prognostic stratification of WDTC, WDTC mutation markers.

Introduction: Thyroid cancer (TC) is among the most
significant malignant diseases of the head and neck,
with a steadily growing number of newly diagnosed
cases throughout the world. Despite a relatively modest
17th place of TC in the structure of cancer incidence, its
treatment in recent decades has seriously worried sci-
entists and physicians due to a very rapid increase in TC
incidence among young and middle-aged people [1].
According to GLOBOCAN 2021, about 500 new TC cas-
es are detected in Kazakhstan yearly, with a crude inci-
dence of 4.2 per 100,000 population. TC is three times
more common in women. A gender-standardized inci-
dence worldwide is 6.1 in women and 1.9 in men.

Most cases of TC are associated with nodular goiter.
The next most common factors for TC development in-
clude hereditary predisposition, lymphadenopathy,
voice changes, etc. The most common methods of pri-
mary diagnosis of nodular goiter are palpation of the
thyroid gland and regional lymph nodes and taking an
anamnesis to exclude risk factors for the development
of aggressive forms of TC, such as a hereditary predis-

position to thyroid cancer, a history of radiation expo-
sure to the head and neck, dysphagia, dysphonia, thy-
roid neoplasms accidentally detected during positron
emission tomography (PET), as well as a history of sur-
gery for thyroid cancer. Laboratory methods are also
used to diagnose thyroid cancer: ultrasound, fine-nee-
dle aspiration biopsy, pathomorphological examina-
tion, molecular genetic testing (MGT), and computed
tomography [2].

Well-differentiated thyroid cancer (WDTC) is the
most common histological subtype of thyroid cancer
and is characterized by a relatively favorable course
and high relapse-free and overall survival [3].

The RAI-R study involving 132 patients with malig-
nant thyroid tumors (59 papillary, 24 follicular, 35 Hurth-
le cell, and 14 anaplastic thyroid carcinomas) identi-
fied seven target fusions in samples with no known
DNA gene variants. They included commonly reported
gene fusions such as CCDC6/RET (PTC1), PRKARTA/RET
(PTC2), or ETV6/NTRK3, as well as gene fusions that are
less common in TC (TPM3/NTRK1, EML4/ALK, or EML4/
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NTRK3). Notably, most gene fusions were detected in
papillary TC (PTC), and MAPK-related changes were less
common in Hurthle cell carcinoma (2/35). In 12% of TC
carcinoma cases in the RAI-R study with no known DNA
gene variants, they detected targeted gene fusions
that can be efficiently identified in formaldehyde-fixed
tissue. Compounds of these genes can serve as a pre-
clinical justification for introducing specific inhibitors
in a personalized treatment regimen for this group of
patients to restore iodine delivery and/or take advan-
tage of direct effects on tumor cell viability during dis-
ease progression [4-5].

In the Russian clinical study on TC diagnostics and
treatment in adults, surgical treatment was most ac-
ceptable in patients with low-risk TC, with a tumor size
of 1 to 4 cm without extrathyroidal invasion [6].

Methods for molecular diagnostics of thyroid tum-
ors are currently being developed. Most studies focus
on molecular genetic research, given that this area is
understudied. Scientific research at the molecular ge-
netic level follows several main directions: differential
diagnosis of thyroid tumors, prognostic significance of
identified mutations in TC, and targeted therapy for ag-
gressive or radioactive iodine-resistant forms of TC [7].

The study aimed to systematize data from the cur-
rent literature to assess the need to develop a prognos-
tic stratification of patients with WDTC based on mo-
lecular genetic testing.

Materials and Methods: A literature review of sci-
entific publications was conducted from the PubMed
search database from September 2017 to December
2023. Inclusion criteria: publication date from 2017 to
present for the main keywords: ‘High differentiated thy-
roid cancer”, “ prognostic stratification of WDTC based
on molecular studies,” and ‘WDTC mutation markers.’
Some clinical studies of domestic and foreign special-
ists were also considered. Fifteen publications were in-
cluded in the analysis.

Results: The importance of MGT is immense. Still,
MGT findings have not yet been included in any TC
staging system. In 2015, the American Thyroid Associ-
ation (ATA) proposed identifying BRAF and TERT muta-
tions. However, a more accurate stratification of the risk
of relapse of PTC is required since most patients with
a favorable prognosis are overtreated. In contrast, the
treatment of patients with aggressive TC types is not
substantiated enough.

This disease’s clinical outcome is associated with
various mutations occurring in the thyroid gland. BRAF
V600E is the most common mutation in TC and is asso-
ciated with a higher risk of relapse. Mutational chang-
es in the TERT promoter are associated with distant me-
tastases and the greatest mortality risk in advanced TC
cases. Differentiated thyroid tumors containing RAS
mutations without any accompanying changes have

an excellent prognosis. Other genetic changes in TC
include rearrangements of the NTRK, RET, ALK, BRAF,
MET, FGFR, PPARYy, or ROS1 genes, and their relationship
with the disease outcome has not yet been sufficient-
ly studied. In children with TC, NTRK fusions are eight
times more common than in adults, with a frequency of
18.3% to 25.9% [8].

A study of thyroid tumor frequency showed that
50% of those diagnosed were at the age of 60. Seven-
ty-eight comprehensive studies revealed a significant
relationship between the presence of BRAF mutations
and metastasis to cervical lymph nodes. Out of 46 stud-
ies in Eastern Asia, 24 presented data on metastasis to
central lymph nodes, 11 - on metastasis to the later-
al lymph nodes, and 10 analyzed a classical/tradition-
al PTC. The Metacum analysis showed no significant as-
sociation between BRAF and LNM mutations until 2012.
After 2012, a significant association began to emerge
between BRAF and LNM mutations, which became con-
sistent in 2017 [9].

In Korea, they found specific WDTC variants that in-
fluence the type of PTC. Although DTC and PTC are can-
cer originating from follicular cells, differences still exist
between them. The studies show that TC development
risk analysis should consider the type of cancer and the
patient’s personal genotype. Finally, they made a GWAS
analysis to reveal DTC in the Korean population and
found new susceptibility loci for VAV3, PCNXL2, FHIT,
SEPT11, MSRB3, and INSR. Those findings were verified
by a cis-eQTL test, an analysis using RNA sequencing
data from tumor and normal thyroid tissues. The results
obtained could be used to diagnose and choose the
treatment tactics for malignant thyroid tumors, which,
in turn, will allow us to understand genetic factors in the
era of personalized cancer medicine [10].

The study by the National Cancer Institute under
the grant for the support of MSK oncological center /
main grant (P30 CA008748) and the Bayer AG research
grant collected the biggest sample of solid tumors with
positive NTRK fusion stained by Pan-Trk immunohisto-
chemistry (IHC). For the first time, this research has de-
scribed in detail the sensitivity and specificity of a tar-
geted DNA-based next-generation sequencing panel
to detect NTRK1-3 fusions. Pan-Trk IHC presented a to-
tal sensitivity of 88%; at that, NTRK3 fusions were re-
sponsible for the vast majority of false negative results.
DNA-based sequencing had a sensitivity of 81%, with
most false negative results due to NTRK2 and NTRK3
fusions. DNA-based sequencing specificity exceed-
ed 99%, while IHC specificity largely depended on the
examined tumor type. Thus, IHC could potentially ex-
clude NTRK fusion in solid tumors unless IHC sensitivity
was not less than 100%. Although, in this study, immu-
nostaining in tumors with NTRK amplification could be
attributed to other factors like neuron differentiation,
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former studies prove the contrary. Therefore, a positive
IHC in such tumors requires further examination using
other available tests [11].

There are very few studies on molecular genetic
markers. S. Lukyanov et al. assessed microRNA expres-
sionin different groups at risk of relapse. The expression
of oncogenic miR-221 was found to vary significantly: it
was high in the group with a high risk of relapse and
lower in the low-risk group. MicroRNA expression lev-
els also varied and were much lower in all risk groups.
Therefore, microRNA expression level should be deter-
mined at the preoperative stage during fine-needle as-
piration biopsy of thyroid nodes [12].

Based on the above, the use of new molecular ge-
netic testing in diagnostics and treatment of thyroid
neoplasms provides a more accurate characterization
of pathological changes, assessing the nature of patho-
logical changes in the thyroid gland based on the study
of genetic mechanisms of carcinogenesis and choosing
an optimal personified treatment tactics. Searching for
new molecular genetic markers and their combinations
is important for assessing the PTC relapse risk.

Discussion: In recent years, several cases of aggres-
sive course of DTC have been described in the literature.
Clinical studies are searching for genetic and pathomo-
rphological predictors of disease prognosis. Rapid me-
tastasis of DTC requires the introduction of molecular
and histological markers into practice to clarify the de-
gree of aggressiveness of these forms of cancer and
find new targets for the development of personalized
therapy and diagnostics. This approach will enable on-
cologists to develop an individual patient management
plan, considering the tumor’s metastatic potential and
the possibility of selecting personalized therapy [13].
This can clarify morphological criteria and increase the
likelihood of detecting a mutation, which is an impor-
tant criterion when choosing treatment methods (pre-
scribing targeted therapy).

The combination therapy with sorafenib and tem-
sirolimus has proven the activity of sorafenib in thyroid
carcinoma. The sorafenib and temsirolimus combina-
tion is most efficient in RAl-resistant thyroid carcinoma;
it delivers impressive patient response rates compared
to sorafenib alone. Patients naive VEGF-targeted treat-
ment, including sorafenib, also demonstrated positive
results and long-term disease stabilization. Sorafenib
and temsirolimus in RAl-resistant TC deserve further
study, especially compared to sorafenib monotherapy.
Finally, 1 of 2 study participants with anaplastic TC had
a significant response to therapy with sorafenib and
temsirolimus, and this particular patient requires fur-
ther evaluation in future studies [14].

Today, we witness rapid progress in studying molec-
ular mechanisms underlying thyroid gland carcinogen-
esis. One marker is clearly not enough to diagnose TC.

Several biological treatment methods and the identi-
fication of key genes shall be applied. E.g., monoclo-
nal antibodies and antibody-drug conjugates shall be
prescribed in addition to Tyrosine Kinase Inhibitors [15].

Conclusion: Molecular genetic testing is very nec-
essary today. The presented topic has not yet been suf-
ficiently studied and research on molecular genetic
markers is indeed extremely insufficient. Molecular ge-
netic testing can improve TC diagnostics. A well-struc-
tured plan will also make it possible to develop treat-
ment options for individual patients with the most
aggressive forms of TC. Unfortunately, the use of mo-
lecular genetic studies is currently limited due to their
high cost and lack of long-term experience of use in
clinical practice. Despite this, it is necessary to proceed
in this direction and consider all available cases sepa-
rately to predict treating patients with thyroid tumors.
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AHJIATIIA

MOJIEKYJISIPJIBIK-TEHETUKAJIBIK 3EPTTEYJIEP HETI3IHJIE )KOFAPBI CAPAJTAHFAH
KAJKAHIIA BE3IHIH KATEPJII ICITTHIH CTPATU®UKALUSICBI:
OJIEBUETKE LIOJIY
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1«Ka3ak OHKOMOrus XaHe paanonorus FoinbiMu-3epTTey MHCTUTYTbI» AK, AnMatsl, Kasakctan Pecnybnukacel;
lynsnaHa memnekeTTik yHuBepcuTeTi, MeauumHa mektebi, LLpesenopt, AKLL

Oszexminizi: Karxanwa Oesiniy kamepani iciei (KBKI) - Oyn Oykin onemoe anzaw pem anblKmanzaun Gopmanapobiy caHvl yHeMi ocin Keie
HCAMKAH SHOOKPUHOIK OP2AHOapObIH e Kon mapaizan Kamepii aypyvl. Kaikawwa Oe3iniy kamepnui icieiniy Kamepai iCIK KypblibLMbIHOA2bL
canvicmulpmaisl mypoe Kapanauvim opusina (17 0opesiceni opuli) Kapamacman, onbl emoey Moceieci CoHebl OHICHLIOLIKMApOd Ipmypii me-
OUYUHA CananapviHOaabl 2a16iMOap MeH 0apicepiepoi Kammol aray0amaosl. byn kebinece jxcac xHrone opma xHeacmazvl a0amMoap apacelHoazbl
aypyoviy eme me3 ocyine 6auAAHbLICIbL.

KBK icieiniy 0amyvinoa tio0 manusliviebl, UMMYHOLIK QYHKYUAHbLY MOMEHOeYI, COHOAl-aK UOHOAYulbl coynerenyoiy ocepi bencini pon
amiapaowl. Byn monexynanvik-eenemuranvik 0eyeetioe xcozapwl caparanean KbBKI OKCKBKI) cmpamugukayus sxcyiieciniy 0amyvina okeneoi.
Mynoaii ycyiie npoepeccus Kayni oap naykxacmapObl maoay JcoHe paduoHyKIuomi mepanusi MeH Cynpeccusiivl 20pMOHObIK Mepanusatbly
azpeccugmi d0icmepin Kasicem ememin HaAyKacmaped 2ana Koi0amy Yulin Kasjicem.

3epmmey maxcamut — KCKBKI Oonocamovik mapkepiepin anblKmay apKblisl KA3aKCMAHObIK NONYAAYUS YUWIH CIMPAMUpuUKayus s yuecin
93Ipaey MaKcamvlHod MONEKYAANbIK-2CHeMUKANbIK 3epmmeynep He2izinoe.

AQoicmepi: 2017 sicvLnowiy Kuipkytieei men 2023 aicoinoviy scenmorcanst apanvievinoa PubMed i30ey bazacvinoaenl eviivimu scapusiianHblm-
odapea 90edu wony sxcacanosl. Kocy kpumepuiinepi: 2017 scvinoan bacman Kaszipei yakblmga Oetiin Heeisel Kinm co30ep OOUbIHUA HCapUusIaH-
2an kyHui: «Kankanwia be3iniy sico2apel capaianaan Kamepii icieiy, «Moiekynanvlk sepmmeyiepee Hecizoencen IKCKBKI 6onacamovix cmpa-
mughuxayuscory, « KCKBKI mymayus mapkepnepi. Conoaii-ax omanowblk Jcone uiemenodix Mamanoapobly Keloip KAUHUKAIbIK 3epmmeynepi
Kapacmulpoliobl.

Homuocenepi: JKCKBKI 6ap naykacmapowly 6012camobl cmpamupukayusicoblHoly 90ebu depekmepine mema-uiony nezizinoe JKCKBKI
azpeccuemi popmanapvimen OAUIAHBLICIbL 2EHEMUKALIK, MAPKepiep NaHelin Kenelmyoiy nezizdemeci Keamipiieet, aypyobly Kaumaianybsl
Ke3iHOe 2eHOIK MyMAayusiHblH MaHbI30bLIbI2bL HCOHE A0eK8ammul emoeyoi mayoay 0onei0eHOl.

Kopoimuinowvr: Aypyoviy 6011cambiiblly eHEMUKANbIK JHCOHE NAMOMOPPOIOSUANBIK DONACAYULLIAPBIH (30€y 6a2blmblHOA 2blAbIMU JICY-
muiemap sicypeizinyoe. KBKI naiioa 601y blibiy MOIEKYAANbIK-2EHEMUKATIBIK MeXAHU3MOepin Oiy Ougdhgepenyuanovt ouazHocmuraoa, aypyovly
azvimbin bondcayoa scone KBKI acpeccusmi ¢hopmanapwin emoeyoe MoneKyianvlk OUazHOCMUKAaHbl KoI0anyaa ke MyMKiHOikmep 6epeoi.

Tyiinoi cezoep: Kankanwa 6esiniy sicozapul capanranzan Kamepii iciei, JKCKBKI 6onscamovr cmpamughuxayusicol, )KCKBKI mymayusi-
CbIHbIY MapKepepi.

ABSTRACT

CTPATU®UKAILIAA BBICOKOU®PEPEHIIMPOBAHHOT' O PAKA IIIATOBUIHOM KEJIE3bI
HA OCHOBAHUM MOJIEKYJISPHO-TEHETUUECKHX UCCJEJOBAHUM:
OB30P JIMTEPATYPbI

H.B. Cnonesa', /I.P. Kaiioaposa', M.E. Kaiiéapos', /[.I'. Aounoair*

'AO «Kasaxckuit Hay4Ho-MCCnea0BaTENbCKUA MHCTUTYT OHKOMOMM 1 paavonoruny, Anmatel, Pecnybnuka KasaxcraH;;
YuusepcuTer wrarta Jlynsnaqa, Meguumtckuit dpakyneter, Wpusnopt, CLUA

Axmyansnocmo: Pax wumosuonoi sicenesvl (PLLK) aensiemces 00num u3 naubonee 3Ha4uMolX 310KAYECMBEHHbIX 3A001e6ANHUL OPeAHO8
20J108bl U WieU, YUCLO enepsvie 6bisasieHHbIX ciyuaes PILDK exceco0no pacmém 6o ecem mupe. Hecmomps na Hegvicokoe mecmo PIIK (17e
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OB30PbI JIMTEPATYPbI

Ppaneosoe mecmo) 8 CmMpyKmype 310Ka4ecmseenHblX Onyxoietl, e2o jederue npedcmasisiem coooll cepbe3nyio npoonemy 0 YUeHvlX u epaiell 6
C653U ¢ KpatiHe ObICmpblM pOCMOM 3a00ae8aemMocmu cpedu Uy Moa00020 U CpeoHe20 803pacmd.

Onpeodenennas pois 6 pazsumuu PLLK npunadnedscum 1i0000eduyumy, CHUNCEHUIO UMMYHHOU OYHKYUU, A MAKI’CE OCUCMBUI0 UOHUSUPYIO-
wetl paduayuu. Smo eedem K pazpadomke cucmemvl cmpamugurayuu evlcokoougpepenyuposannozo PLDK (BAPILK) na monexynspno-ce-
nemuueckom yposue. Taxkas cucmema Heobxoouma, umoobvl nposecmu 0moop NAYyueHmoes 8 cpynnvl puckd nPocpeccuposanus u NPUMeHsImy
azpeccugnvie Memoosbl paOUOHYKAUOHOU MePaAnull i CyRpecCusHoll 20pMOHOMEPAnUlU MOIbKO mem DONbHbIM, KOMY 310 HeoOX00UuMo.

Llenv uccnedosanusn — cucmemamusuposams aKmyaibHvie tumepamyphvle Oannbvle 0 OYeHKU HeoOX00UMOCIU pazpadbomKu NPOSHOCMU-
yeckoti cmpamuguxayuu nayuenmog ¢ B/IPILDK na ocnosanuu MoNeKyisApHO-2eHemu4eckux uccie008anuil.

Memoosr: Bvii npogeden 0630p Hayunvlx nyoiukayutl u3z nouckosoil 6asei PubMed 3a cenmsbpes 2017 2. no oekabpv 2023 2. no karouesvim
C08AM: «BbICOKOOUPDDEepeHyuposannbvlll pax WumosuOHoU JHeenesvly, « npoehocmuyeckas cmpamuguxayus BPIIDK na ocnosanuu monexy-
JIAPHBIX UCCAEO08aHUIY, «maprepbl mymayuu BIIPLIDK».

Pesynvmamui: Ha ocrnosanuu mema-0630pa iumepamypruix OGHHbIX RpoeHoCmuyeckol cmpamuguxayuu nayuenmos ¢ BIIPIIK npuge-
0eno 0b0cHo8aHUe PACUWUPEHUS NAHENU 2eHEMUYECKUX MAPKEPOB, ACCOYUUPOBANNbIX ¢ aepeccushbimu Gpopmamu BIPLK, ookaszano 3naue-
Hue Mymayuu 2eno8 npu 603HUKHOBEHUY Peyuousa 3a601e8anus u 8b160pe A0eK8aMHO20 Ie4eHUsl.

3aknwuenue: Beoymces nayunvie pabomoi 8 HANPAGIEHUU NOUCKA 2EHEMUYECKUX U NAMOMOPPOI02UYECKUX NPEOUKMOPO8 NPO2HO3d 3a00-
nesanus. 3nanue MONeKYIAPHO-2EHEMUYECKUX MeXanu3Mos 603HukHosenus PILDK 0aem wiupoxue 603M0H#cHOCY NPUMEHEHUs MONEKYAPHOL
ouazHocmuku 8 Oup@epenyuanbol OuazHoCmuKe, NPO2HO3UPOBAHUY MeyeHus 3a001e6anus u 1eyenuu azpeccusnvlx gopm PLLIK.

Knwuesvte cnosa: Bvicokooughpepenyuposanniii pak wumosuonou xcenesvl (BAPLLIK), npoenocmuueckas cmpamugpurayus B/IPIIDK,
mapxepwvl mymayuu B/IPII[JK.
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