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Abstract

Introduction. Thyroid cancer is one of the most common endocrine malignancies. Radioactive iodine 13! is the baseline
drug in the therapy of patients with differentiated thyroid cancer (DTC); however, 5% to 15% of DTC and 50% of metastatic
DTC are not amenable to radioactive iodine I'3' therapy. Some patients suffer from recurrent disease after complex
treatment. Recurrent disease is often resistant to radioiodine and shows a poor response to radioactive iodine therapy.

The aim. To analyze the publications devoted to the problems of radioiodine-resistant thyroid cancer and
their clinicopathological and molecular-genetic characteristics.

Search strategy. The literature search was performed in the electronic databases Web of Science Core Collection,
Scopus, Google Scholar over the past 5 years: from 2018 to 2023. Inclusion criteria were systematic reviews, original
articles. Exclusion criteria were articles of poor methodological quality, duplication, missing or incomplete data in articles,
case reports, letters, editorials, and expert opinions. 135 articles were found, of which 88 were selected for analysis.

Results of the research. According to the material studied, special attention is now paid to the presence of driver
mutations, such as telomerase reverse transcriptase promoter mutations TERT, BRAF V600E, NRAS, which show an
aggressive genetic pattern; they can also be used for patient risk stratification when determining radioiodine resistance in
patients. In addition, histological examination of the tumor is also one of the most important predictors of DTC prognosis.

Conclusion. Based on the analysis of publications, we can conclude that significant progress has been made over the
past decades in understanding the molecular mechanisms that cause the malignant evolution of DTC and the development
of radioiodine resistance. Given the relationship between molecular and histological heterogeneity, the selection of tumor
samples for molecular genetic analysis should be based on the results of histological evaluation of the entire tumor.
Comprehensive molecular genetic analysis, as well as histological characteristics of the tumor, will subsequently play an
important role in stratifying patients and determining further patient management tactics.

Keywords: Well-differentiated thyroid cancer, Radioactive iodine therapy, Radioiodine resistance, BRAF V600E, TERTp,
NRAS.
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BeepeHne. Pak LUMTOBMOHOM Xenesbl SBASETCS OOHUM U3 Hambornee pacnpoOCTPaHEHHbIX 3MOKAYECTBEHHbIX
HOBOODPA30BaHW SHAOKPUHHOM cucTeMbl. PagumoaktuHbi iog |31 asnsietcs Gas3ucHbiM npenapatom B Tepanuu
nauueHToB ¢  AuddepeHUMpoBaHHbIM  pakom  uuTtoBuaHOM xenesbl  (OPLWDK); ogHako ot 5% po 15%
AudepeHLMPOBaHHbIX PakoB  LUMTOBMAHOM xenesbl M 50% metactatmueckux [PLDK He noppaioTca neveHuio
pagMoaKTUBHbIM MogoM 1131, HekoTopble MauMeHTbl CTPaaalT OT peuuanBoB 3aboneBaHuin Mocne KOMMIEKCHOTO NEYeHNs.
PeuuaneupytolLiee 3aboneBaHne 4acTo OKa3blBAETCS YCTONYMBLIM K PAAMOAKTUBHOMY MOAY M MOKa3biBaET HU3KWIA OTBET Ha
paavoroaTepanmio.

Llenb. [poaHanuaupoBatb nybnukaumu, noCBALEHHble npobnemam paguoNoapesnCTEHTHOrO paka LWWUTOBWUAHON
XEnesbl U UX KIMHUKO-NATONOrMYECKUM 1 MOMEKYNSAPHO-TEHETUYECKUM XapaKTEPUCTUKAM.

Crparerus noucka. Mouck nutepatypbl Obin OcyLlecTBNeH B anekTpoHHbIX Basax Web of Science Core Collection,
Scopus, Google Scholar 3a nocnegHue 5 net: ¢ 2018 no 2023 rogbl. KpumepusiMu 8KM0YeHUS SBNSNUCH CUCTEMATUYECKNE
0030pbl, OpuUrMHanbHble CTaTbi. KpumepusmMu UCKMIOYeHUsi SBRSMUCL CTaTbi HU3KOrO METORONOTYECKOro KauvecTBa,
cnyyau [OybnupoBaHus, OTCYTCTBWSI UM HEMOMHble AaHHble B CTaTbsX, OTYETbl O KMAMHUYECKUX CRyyasX, Nucbma,
PeAaKLMOHHbIE CTaTbU U MHEHWS 3KCNepToB. bbinv HanaeHsl 135 ctaten, 3 Hux 88 Gbinu BbibpaHbl Ans aHanusa.

PesynbTatbl uccnepoBaHuA. CormacHO W3y4eHHOMY MaTepuany, Ha CeropHsillHuiA feHb ocoboe BHUMaHWe
YOEnseTcs HanuuMio ApanBepHbIX MyTaLyK, TakuxX kak MyTaLuu npoMoTopa 0bpaTHOM TpaHckpunTassl Tenomepassl TERT,
BRAF V600E, NRAS, koTOpble AEMOHCTPUPYIOT arpECCUBHYH FEHETUYECKYI0 KAPTUHY, OHU TaKke MOryT BbITb BKMHOYEHb! Ans
cTpaTMdmKaLmn pucka nauueHToB B ONpedenieHy pagnopesnCTEHTHOCTU Y nauueHToB. bornee Toro, rMctonormyeckoe
uccnegoBaHue OMyXonu Takke SBMSETCA OOHWM W3 KoYeBbIX NpeankTopos nporHosa [PLLPK.

BeiBogbl. Vicxoas w3 aHannsa nyGnvkauuii, MOXHO CAenaTb BbIBOL, YTO 3a NOCMEAHME HECKOMbKO AEeCATUNEeTUN
BOCTUrHYT 3HAUMTENbHBIM MPOrpecc B MOHUMAHUM MOMEKYNSPHBIX MEXaHW3MOB, BbI3bIBAIOLLMX 3MOKAYECTBEHHYIO
asontoumio APLPK v pa3suTuio pagronogpesncTeHTHOCTU. YUnTbIBas CBA3b MEXY MOSEKYNSpHOM U rMCTONOrMYECKon
reTeporeHHoCTblo, 0T60p 00pasLoB OMyxonu Ans MOMEKYNSPHO-TEHETUYECKOTO aHann3a LOMKEH OCHOBBIBATLCS Ha
pesynbTaTax [MCTONOMMYECKON OLEHKM BCEM Onyxonu. KOMMMEKCHbIA MONMEKYNSPHO-TEHETUYECKUA aHanmu3, a Takke
MMCTONOrMYeckast XapakTepucTuka onyxonu B nocnegyroLiem 6yaeT urpatb BaxHY posib B CTpaTMMKaLMKM NaLMEHTOB U
OonpeaeneHns fanbHenLwe TakTUkM BEAEHUS NaLWeHTa.

Knroyesble  cnoea:  BbicokodugbghepeHyuposanHbili  pak  wumosudHol  xenesbl,  Paduoliodmepanus,
PaduotiodpesucmermHocms, BRAF V600E, TERT, NRAS.

Tyningeme
PAOAUOUOOKA TO3IMAOI KANKAHLUA BE3IHIH CAPAJNAHFAH OBbIPbI:
KIIMHUKO-MATOJNMOIMNANbIK CUNATTAMAIJAPDLI, MONEKYNAPJbIK-
FEHETUKANDBIK ANbTEPALUUAJIAPDLIL. SQOEBU LLOJTY.
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Kipicne. KankaHwa 6e3iHiH, KaTepni iciri - 3HOOKPWHAIK XyJeHIH €H Ken TapanfaH KaTepni icikTepiHiH, Oipi.
PagunoaktuBTi og 1131 kankaHwwa 6esiHiH capananFaH obbipbl (KBCO) 6ap HaykacTapabl emaeyAeri Herisri npenapat 60mbin
Tabbinagbl, ananga, Kankadwa 6esiHiH, capanaxFaH 0ObipbIHbIH 5%-15% peniH xaHe 50% meTactasgelk KBCO (13
pagnoakTUBTi roaneH emaeyre Te3imai Gonbin kenedi. Kenbip Haykactap KelleHAi emaeyaeH KemiHri peuuansTepreH
3appan weregi. KantananatbiH aypy xui paguoiiogka tesimai 60nbin keneai xeHe paguonoaThl Tepanusra Hallap xayan
Gepeni.

Makcatbl. Paguorogka Tesimai kankaHLa 6esiHiH, katepni iciri MacenenepiHe xaHe onapablH KNMHUKO-NaToNormsnbIK
XOHe MoneKynanblK-reHeTHKarblK cunaTTamanapblHa apHanfFaH xapusanaHbiMaapabl Tangay.

Isgey ctpatermacbl. Onebuettepai isgey Web of Science Core Collection, Scopus, Google Scholar anekTpoHabl
OasanmapbiHOa COHFbl 5 XbingblH iwiHgeri: 2018 xbin meH 2023 xbingap apanbiFbiHga Xyprisingi. Koceuty
KpumepulnepiHe Xyneni wonynap, TYNHyCKa Makananap eHrisingi. Asiein macmay kpumeputinepiHe agicTeMenik canachl
TeMeH Makarnanap, Makananapgarbl AepeKTepiH, KanuTanaHybl, XETICNENTiH HEMeCe TONbIK eMeC AepeKTepi, XarFganmnbik
€CenTep, xaTTap, pefakumsarblK Makananap xoeHe capantamanblk KOpbITbiHAbINGP Kipai. 135 Makana Tabbinbin, OHbIH 88-i
Tangayfa ipiktenin ansiHzbl.

3epTTey HaTMXenepi. 3epTTey HATUXKECI rucTonoruanbik, Ki-67 LI akcnpeccuscbiHbiH, uMMyHorucToxummuanbik (AMX)
3epTTeynepiH Xypridy pagnonoaka TesiMai kankaHwa GesiHiH, capanaHFaH katepni iciriHae MaHbi3gbl 6omkambl 60MbIn
TabbinatbiHbiH - kepceTTi. Conpaii-ak BRAFVG00E/TERTp, BRAFVG00E/NRAS pgpaiisepnik MyTauusnapblHbiH, - Katap
Ke3decyi arpeccwBTi KIMHWUKO-NATONOMMAMbIK cunaTTamManapMeH XoHe pagvonogka TesiMainikTiH nanga bonybiMeH
BannaHbICTbl Bonybl MyMKiH, Byn ©3 Ke3eriHae emaey TakTUKachIH aHblKTayna MaHbiagbl 6onbin Tabbinags!.

KopbITbiHAbI. KopbIThiHAbINGIA Kene, paguodoaka TesiMai KankaHiua 6esiHiH katepni iciriHiH, KNMHUKO-NaTonorusinbIK
XOHe MoneKynanblK cunattamanapblH aHblkTay yLwiH ructonorusnbik, Ki-67 LI akcnpeccusicbiHbiH, IMMYHOTUCTOXUMMSTBIK
(WrX) septTeynepiH xypridy, congan-ak TERTp, BRAFV600E, NRAS myTauusnapbsiHa MonekynanbiK-reHeTukanblK 3epTrey
Xyprisy Kaxet. byn kepceTkilutepai opgaH api 3epTTey ©3ekTi Macene Gonbin Tabbinaabl XaHe KOoChIMILA 3epTTeynepa
KaXeT eTefi.

Tytindi ce3dep. «kofapbl capanaHraH KankaHwa 6e3iHiH Kamepni iciei», «paduolioOmbi mepanus», «paduoliodKa
meaimoinik», « BRAFV600E», « TERT», «NRAS».
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Introduction According to the figures of the Oncological Service
In recent decades, thyroid cancer (TC) has become a  of the Republic of Kazakhstan for 2022, thyroid cancer
serious public health problem [60]. In terms of growth rate, is included in the list of the ten most frequent

thyroid cancer outpaces other malignant neoplasms. This  localizations of cancer in women in 2022. Thyroid
trend is not solely attributed to a rise in the number of  cancer moved up from 11th to 9th place, which shows
patients affected by this condition, but also to  the growth of this disease among women compared to
advancements in diagnostic tools that facilitate the early ~ men. The structure of oncopathological incidence in the
identification of malignant growths and follicular ~ Republic of Kazakhstan by gender in 2022 is presented
abnormalities [6]. According to the latest global malignant  in Figure 1 (Figure 1).

neoplasm statistics from the International Agency for The increase in the incidence of malignant neoplasms
Research on Cancer (GLOBOCAN 2020), thyroid canceris  for 2022 was recorded for all nosologies in general,
the ninth most common malignancy worldwide and its  including malignant neoplasm of the thyroid gland
incidence continues to increase, with 586,000 new cases  increased from 3.4 to 4.3, that is roughly +26.5%.

reported in 2020. To date, the highest incidence rates are Well differentiated thyroid cancer (WDTC), which has
found in North America, Australia/New Zealand, East Asia  a favorable course, is usually treated surgically, i.e.
and Southern Europe in both sexes, and in  complete thyroidectomy followed by radiciodine therapy
Micronesia/Polynesia and South America are often found in ~ and thyroid hormones that suppress thyroid hormone
females [60]. levels.
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The structure of morbidity in men, in % The structure of morbidity in women, in %

Lung cancer 19,9 259  Breast cancer

Stomach cancer Cervical cancer

Prostate cancer

Cancer of the uterine body

Cancer of hematopolétic tissues and lymphomas Ovarian cancer

Colon cancer
Cancer of rectum 6,1

Colon cancer 58 Stomach cancer

Kidney cancer Cancer of hematopoietic tissues and lymphomas

Bladder cancer 4.6 Lung cancer

Cancer of esophagus 42 Thyroid cancer

Liver cancer 40 Cancer of rectum

Figure 1. Structure of oncopathological morbidity in the Republic of Kazakhstan by sex in 2022.
(Taken from the report of the Kazakh Research Institute of Oncology and Radiology: “Indicators
of the Oncology Service of the Republic of Kazakhstan for 2022” translated from Russian into English.)

Radioactive iodine I3 is the baseline drug in the Scholar over the past 5 years: from 2018 to 2023. Several
therapy of patients with differentiated thyroid cancer sources do not fall into the specified depth, but were accepted

(DTC). Nevertheless, 5% to 15% of differentiated thyroid for analysis because they contain conceptual information.
cancer and 50% of metastatic DTC are not amenable to Inclusion criteria were systematic reviews, original articles,
131 treatment. Some patients suffer from recurrent disease literature reviews of peer-reviewed publications. Exclusion
after significant treatment. This kind of disease is often criteria were articles of poor methodological quality, duplication,
resistant to radioiodine and shows a poor response to missing or incomplete data in articles, case reports, letters,
Radioactive iodine therapy. editorials, and expert opinions. From the remaining articles, a

Although most of the patients with WDTC have no plan was formed to write a literature review according to the
evidence of disease with appropriate early treatment, following sequence: «Radioactive iodine therapy», «The

recurrence develops in 20-40% of patients. During tumor problem of occurrence of radioiodine-resistant  well-
progression, Radioactive iodine therapy is the first line of differentiated ~ thyroid ~ cancer»,  «Clinicopathological

treatment. However, up to 5% of thyroid cancer characteristics of radioiodine-resistant thyroid cancer»,
metastases may lose the ability to concentrate iodine and «Molecular genetic alterations in radioiodine-resistant thyroid
this is called radioiodine resistance disease (RRD); this cancer». The search was performed by keywords like "well-
phenomenon is responsible for a large number of thyroid differentiated thyroid cancer,” "Radioactive iodine therapy," "
cancer-related deaths [3]. radioiodine resistance,” "BRAF V60OE," "TERT," and "NRAS."

The aim: To analyze publications devoted to the  According to the topic, depth of research and keywords, 135
problems of radioiodine-resistant thyroid cancer and their  articles were found, of which 88 were selected for review. The
clinicopathological and molecular-genetic characteristics. source selection algorithm is presented in Figure 2.

Search strategy. The literature search was performed in
the electronic databases PubMed, WoS, Scopus, Google

.

Systematic reviews-8

Inclusion criteria:

“ systematic reviews, :tt:::tl:'sc\)zegr:
Searchin igi i -
R 0395) ::'e?'ar;zll_:':;::m . anallyz::dand Original researches-63J
in electronic peer-reviewed T:i:eurevie'\‘:
Drawing databases publications. Literature reviews of peer-reviewed
upa yekbof publications-12
review Science
plan, Core
searching Collection,
by Scopus,
keywords Sc‘;z‘[’i’z)[ [Not relevant to the review topic - 13 ]
the last 5 J =
years: from LDuDhcate articles-10 7
2018 to 2023. L J
N—— [LSCR of access to articles-12 J
Figure 2. Article selection algorithm.
Results of the study. cells or tumor tissue of differentiated thyroid cancer.
Radioactive iodine therapy. Radioactive iodine has a damaging effect on [B-particles

Treatment with radioiodine therapy is based on the  resulting from the decay of 1131 [8,13]. In order to monitor
selective accumulation of radioactive iodine 1131 in thyroid  the localization of the isotope within the body, whole-body
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planar scintigraphy or single photon emission computed
tomography uses y-rays [10]. The radiopharmaceutical
used for RAl is an isotonic solution of Na 113!, pH about 6-7,
or as capsules with Na 13" Iyophilisate. I'3" almost 100% is
resorbed from the gastrointestinal tract, thyroid tissue is
capable of accumulating up to 80% of orally administrated
activity, depending on its functional state [49]. lodine, in the
form of various compound forms, can penetrate through the
intestine into the bloodstream, ultimately being transported
to the thyroid tissue via the blood current [5]. Radioiodine
therapy is made possible by the selective uptake of iodine
by thyroid cells, resulting in a concentration of 1'31 in the
thyroid gland that is significantly higher than in the blood
[86]. This selective uptake is facilitated by the sodium iodide
symporter. It is a membrane glycoprotein that actively
transports 1131 from the blood into the follicular epithelium
of the thyroid gland [5,37].

Radioiodine therapy allows you to destroy the remnants
of thyroid tissue and possible areas of residual tumor that
accumulate radioiodine. This treatment has a positive effect
on metastases of differentiated thyroid cancer. The use of
specialized treatment reduces the risk of relapse and
improves long-term results of therapy [6,42].

Radioiodine ablation is a postoperative course aimed
at destroying residual thyroid tissue. Use as adjuvant
therapy makes it possible to identify distant metastatic
foci in the early stages [10].

Recommendations for the use of radioiodine therapy
are based on an assessment of the postoperative risk of
relapse and persistence of the disease. Also, according to
these recommendations, patients can be constantly
monitored [32,87]. For this, oncologists are based on the
recommendations ~ of  various  world  societies.
Recommendations provided by the European Society of
Medical Oncology (ESMO; 2019), National Comprehensive
Cancer Network (NCCN; 2022), Society of Nuclear
Medicine and Molecular Imaging/European Association of
Nuclear Medicine (SNMMI/EANM; 2022). and Society of
Nuclear Medicine and Molecular Imaging/European
Association of Nuclear Medicine (SNMMI/EANM; 2022)
[33].

It is important to note that there are several options for
using radioactive iodine in the treatment of differentiated
thyroid cancer. Radioiodine ablation and radioiodine
therapy are used as treatment for residual disease. In
addition, radioiodine therapy is used to destroy distant
metastases and for persistent thyroid disease [27]. These
treatment options differ in the amount of therapeutic activity
of 131 [11].

Papillary thyroid cancer and follicular thyroid cancer
are collectively characterized as differentiated thyroid
cancer. These histological types of cancer account for
more than 90% of all malignant neoplasms of the thyroid
gland [31]. Most cases of thyroid cancer are successfully
treated with thyroidectomy, selective radioiodine therapy,
and thyroid hormone suppression therapy. When these
types of treatments are used in combination, they help
patients have a good prognosis for their disease in the
future [8].

The incidence of distant metastases at diagnosis is
known to be less than 5% in thyroid cancer. Relapses
account for approximately 15% of cases during the course
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of the disease. It should be noted that relapses or
metastases can lead to death from thyroid cancer [68]. In
these cases, radioactive iodine 1'3" (RAl) is the standard
initial therapy for recurrent or metastatic thyroid cancer.
Patients treated with radioiodine therapy and whose whole
body scintigraphy was negative after therapy showed
improved survival rates. The 10-year survival rate and
quality of life of such patients reached 92%. However, for
some patients, radioiodine therapy is not effective. It is
expressed by a decrease in iodine absorption by thyroid
cells. It should be noted that the 10-year survival rate in
patients resistant to radioiodine therapy decreases to 10—
29% [61].

The problem of radioiodine resistance in well-
differentiated thyroid cancer.

Most patients with differentiated thyroid cancer (DTC)
are successfully treated with surgery and radioactive iodine.
However, some patients with thyroid cancer may
experience less favorable treatment outcomes. In these
situations, individual treatment approaches are used
[46,11]. Postoperative radioactive iodine therapy is used to
remove residual thyroid issue [5], eliminate suspected
micrometastases or known advanced disease [75].

Radioiodine therapy is based on the expression of the
sodium iodide symporter (NIS). This transmembrane protein
is located on the plasma membrane of both normal and
tumor epithelial cells of the thyroid gland. The NIS
transports two sodium ions and one iodine ion into the
cytosol. The iodide is then processed by iodine in the
thyroid cells [34]. The above glycoprotein may affect the
effectiveness of radioiodine treatment. Thus, the sodium
iodide symporter may play a significant role in the
development of radioiodine resistance. On the one hand,
some patients experience remission after one or more
courses of radioiodine therapy; on the other hand, other
patients develop radioiodine resistance. This is because
some patients may have multiple or macrometastases,
along with less differentiated tumor status. In this situation,
the disease may have a worse prognosis [77,23].

The process of dedifferentiation involves the reduction
or disappearance of NIS expression. During the course, the
direction of the transmembrane protein changes to the
plasma membrane, where NIS functions optimally. This
change leads to a decrease in the ability of thyroid cells to
absorb iodine [16,19].

A long term study showed that the 10 and 15 year survival
rates of patients without any radioiodine administration were
much lower than those of patients receiving radioiodine. It
should be taken into account that some patients develop
radioiodine resistance even with the most appropriate
administration of RAI [73]. This significantly worsens the
prognosis: the life expectancy of patients with radioiodine
refractory differentiated thyroid cancer is 2.5-3.5 years from the
moment of diagnosis [43]. Although DTC is often curable by
surgery, with or without radioiodine therapy, approximately two-
thirds of patients with relapse or metastases develop
radioiodine-resistant DTC, which usually has a poor prognosis
[86] The most frequent forms of refractory thyroid cancer in RAI
(RAIR-DTC) are PTC, followed by low-differentiated thyroid
carcinoma [41]. Despite the fact that PTC has an indolent
character and good prognosis in some patients with PTC (5—
10%) develops aggressive metastatic disease and resistance
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to radioiodine therapy [52]. There are some aggressive
subtypes of thyroid cancer. These include tall cell, columnar
cell, diffuse sclerosing and spinous nail variants. These variants
were associated with higher rates of extrathyroidal spread,
multifocality, nodal and distant metastases. Moreover, they are
more likely to relapse and are resistant to radioiodine therapy
[53,65,66].

Currently, the following criteria are generally used to
define tumor radioiodine resistance [19,72]:

- Absence or a progressive decline in radioactive iodine
uptake during a whole-body scan after treatment;

- Absence of radioiodine uptake in primary regional
recurrence or distant metastases without radioiodine uptake
during whole body scan after treatment;

- Structural tumor progression 12-16 months after
radioactive iodine therapy despite the presence of iodine in
the post-therapy scan;

- Presence of tumor in patients who have received

radioiodine therapy with an activity of 600 millicuries
(mCi)/22.2 gigabecquerel (GBqg) or more, but without
evidence of remission;
Inconsistency  between  1131and  18F-FDG
accumulation, i.e. there is a negative result on SPECT/CT
with radioactive iodine, while a positive result on PET-CT
with 18F-FDG.

The presence of the above criteria predicts the
likelihood of a tumor being resistant to radioiodine therapy
and should be used together for tumor risk stratification in
resistance assessment [57]. However, today special
attention is paid to the presence of driver mutations, such
as pTERT, BRAF V600E, NRAS. These types of mutations
demonstrate an aggressive genetic pattern. They can also
be used in patient risk stratification to determine treatment
tactics [10, 39].

Clinicopathological characteristics of radioiodine-
resistant thyroid cancer.

The clinicopathological characteristics of thyroid cancer
are based on the international histological classification of
cancer, which is presented by the World Health
Organizaton ang updated [12,13].  Untl  now,
pathohistologists relied on the 2017 classifications when
making a thyroid diagnosis [85,87]. Still, it should be
emphasized that in 2022, the World Health Organization
(WHO) released the latest updated fifth edition of the
histological classification of thyroid neoplasms in 2022 [38].

The classification system divides thyroid cancer of
follicular origin into four categories. The main histological
variants are differentiated thyroid cancer, including
predominantly papillary thyroid cancer and follicular thyroid
cancer. There is also oncocytic cancer; high-grade
carcinomas, including poorly differentiated thyroid cancer
and anaplastic thyroid cancer [7].

Modern histological classification is developed on the
basis of clinical histopathology and molecular pathogenesis.
Most encapsulated or confined thyroid tumors with a
predominant follicular growth pattern exhibit a RAS-like
molecular profile [37]. Conversely, most thyroid tumors with
BRAF V600E-like thyroid cancer and RAS-like thyroid
cancer may acquire additional genetic alterations.
Subsequently, these histological types can progress to
high-grade malignant neoplasms [20].
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Currently, histological examination of the tumor is an
important predictor of prognosis. In cases where there are
Hurthle cells and low-grade thyroid cancer, there is a higher
likelihood of developing radioiodine resistance. It should
also be noted that histological variants of tumor cells in
patients with primary lesions and metastases may become
less differentiated during treatment with 1131 [47].

In addition, it has been discovered that the classic and
follicular variants of papillary thyroid cancer are less
aggressive histological subtypes. Conversely, high-cell
variant of papillary thyroid cancer, sclerosing diffuse
papillary thyroid cancer, hobnail variant, Hurthle cell variant
papillary thyroid cancer, and poorly differentiated thyroid
cancer are considered such as high-risk histological groups
[47]. Therefore, it can be stated that histological subtypes of
thyroid cancer are predictors in determining radioiodine
resistance [18].

Oncocytic cell tumors are a unique category of thyroid
tumors at the genetic and genomic levels. In clinical
settings, oncocytic cell carcinomas tend not to absorb
radioiodine and often spread to lymph nodes. They also
have a higher likelihood of developing into anaplastic
thyroid cancer compared to other thyroid cancer types, with
some cases showing elevated overall mortality and

morbidity rates [58].

Updated World Health  Organizaton (WHO)
classification provides a clearer comprehension of the cell
origins, pathological characteristics  (histopathology),

molecular categorization and biological behavior of thyroid
cancer [14,17].

Molecular and genetic
radioiodresistant thyroid cancer.

To date, a number of main factors for the development
of refractory thyroid cancer in RAI have been identified.
These include the presence of mutations of the BRAF,
PTEN, APC, DICER1, MNG, NRAS, KRAS, TERT family,
etc. This can also include exposure to ionizing radiation,
hereditary syndromes (Gardner), Cowden, multiple
endocrine neoplasia types 2A and 2B, etc.) [47,76].
Mutations or rearrangements of certain genes as well as
abnormal expression of molecules in certain signaling
pathways are common causes of worsening of DTC.

Over the past few decades, significant progress has
been made in understanding the molecular mechanisms
causing the malignant evolution of DTC and the transition to
resistance to RAIl lodine can accumulate specifically in
thyroid tissue under physiological conditions, which is
attributed to sodium iodide symporter (NIS)-mediated iodine
uptake localized in the basolateral cell membrane
[82,25,84]. One of the hallmarks of dedifferentiation is
impaired Na/l symporter (NIS) function [5,55,74]. RAI
penetrates the cells through the NIS and emits beta
particles that destroy the follicular cell [53].

Unfortunately, some patients experience an initial or
gradual loss of iodine uptake and even a decrease in plasma
membrane sodium iodide symporter expression. This process
indicates a dedifferentiation status known as radioiodine-
resistant differentiated thyroid cancer (RAIR-DTC) [67,46].
Radioiodine-resistant cancer cells arise from loss of thyroid
differentiation, including iodine uptake and organization. This
loss of differentiation is associated with the level of mitogen-
activated protein kinase (MAPK) activation. High levels of

alterations in
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such activation are observed in tumors with BRAF (B-raf
proto-oncogene) mutations or RAS mutations [48].

The MAPK signaling pathway is often constantly
activated across various histological subtypes. The key
proteins and major players in this pathway include RAS,
RAF, MEK, and ERK, which participate in various cellular
processes such as differentiation, proliferation, and
apoptosis [59,40]. Thyroid cancer often becomes RAI-R by
co-opting RAF and RAS signaling, thereby suppressing NIS
and RAI uptake [71]. Genetic and epigenetic changes in the
above signaling pathways due to acquired point mutations,
chromosomal rearrangements, or aberrant gene mutations
underlie decreased NIS signaling. In turn, they are a central
factor in the refractoriness of RAI [54,80].

Gene alterations in DTC include point mutations, gene
translocations, chimeric fusions, gene amplifications and
deletions [50]. In addition, a comprehensive molecular
analysis of the primary tumor under the guidance of
histological analysis may help to better stratify patients to
determine treatment tactics. Given the relationship between
molecular and histological heterogeneity, tumor sampling
for molecular analysis should be based on a thorough
histological evaluation of the entire tumor [22,24].

The clinical significance of BRAFV600E is directly
related to the fact that its presence unequivocally indicates
the malignant nature of a thyroid neoplasm [1,69]. The
BRAFV600E mutation in PTC is strictly specific, with an
incidence of 40-70% [29,79]. Also, BRAFV600E correlates
with a more aggressive phenotype and higher clinical tumor
stage [70,56].

Rumyantsev P.O., Nikiforovich P.A. and co-authors [9]
in their study indicated that BRAF V600E has prognostic
value, increasing the probability of relapse of PTC. It is
reported that the presence of BRAFV600E mutation is a
prognostically unfavorable factor increasing the probability
of tumor foci resistance to radioactive iodine therapy, which
should be taken into account when choosing the tactics of
patient management [62]. It should also be noted that in
2015 the clinical guidelines of the American Thyroid
Association (ATA) described BRAFV600E and TERT
mutations as unfavorable factors of clinical prognosis.
Mutations of the TERT promoter are involved in the
suppression of slcbad mRNA in RAIR-DTC. It is suggested
that TERTmutations, reduce NIS protein expression and its
location in cell membranes. The expression of slc5ab
mRNA has a greater association with DTC aggressiveness
and prognostic features than NIS protein expression
detected by immunohistochemical analysis [62].

Liu X., Qu S. et al. [45] conducted a study to detect the
prevalence of TERT promoter mutation (C228T and C250T)
and determined its association with BRAFV600E mutation.
The authors examined postoperative paraffin blocks of
thyroid tumors: of which 44 cases were benign tumors, 22
cases of classical follicular cancer and 408 cases of
papillary cancer from five regions in China. The result
showed that no TERT p mutation was found in any of the 44
benign tumors. C228 mutation was much more common
than C250 T mutation in both PTC and FTC. The C228T
mutation was found in 9.6% of cases (39 of 408) of PTCs
and C250T was found in 1.7% (7 of 408) of PTC. Together,
the two mutations were found in 11.3% (46 of 408) of PTC.
In follicular thyroid cancer, C228T was found in 31.8% (7 of

22) and C250T in 4.6% (1 of 22) of samples, and together
they were found in 36.4% (8 of 22) of PTC. The authors of
this study concluded that, in general, TERT p. mutations
were associated with aggressive clinicopathological
characteristics of PTC [21]. Also, the results illustrated that
the coexistence of BRAF and TERT mutations were
associated with aggressive clinical and pathological
behavior of PTC [42]. Molecular analyses provide useful
information on the role of predicting the occurrence of
radioiodine-resistant PTC [47].

Liu X, Bishop J. et al. [44] investigated the effects of
BRAF V600E or TERT promoter mutations and their
coexistence on the clinicopathological outcomes of PTC
from 421 thyroid tissue samples: of these, 85 were benign
opxcholes, 257 PTC, and 79 FTC. Two mutations were
detected in 11 of 12 (91,7%) thyroid cancer cell lines. The
C228T mutation was found in 0 of 85 (0,0%) benign thyroid
tumors, in 30 of 257 (11,7%) PTC, in 9 of 79 (11,4%) FTC,
in 3 of 8 (37,5%) PTC, and in 23 of 54 (42,6%.). The C250T
mutation was absent in the PTC sample but was detected in
two FTC cell lines, as well as two anaplastic thyroid cancer
(ATC) cell lines. Both two TERT promoter mutations found
to be exclusive of each other in both thyroid cancer cell
lines and tumor samples. Altogether, they were identified in
11 of 79 (13.9%) FTC, 25 of 54 (46,3%) ATC and 7 of 7
(100%) ATC samples. The TERT promoter mutations was
not observed in 16 MTC samples. In three cases, PTC and
ATC were located in the same thyroid gland, and in each
case both PTC and ATC contained the C228T mutation. In
their study, the authors concluded that a large proportion of
PTC samples positive for TERT promoter mutations
contained the BRAF V600E mutation. This means that it is
possible that BRAFV600E mutations, together with TERTp,
are associated with greater aggressiveness of thyroid
cancer. Possible mechanisms for the connection between
genetic mutations and the development of radioiodine
resistance were also discovered. However, it is worth noting
that a connection between these two types of mutations
could not be established [29].

The significance of BRAF, TERT p and RAS mutations
as prognostic biomarkers has been evaluated in a number
of studies [63]. BRAF mutations are associated with
markers of clinical aggressiveness (larger tumors, older
age, extra-thyroidal spread and LNM) and poor clinical
outcome, although the latter association depends on
additional clinicopathological features [70]. BRAF mutations
are also associated with decreased expression of the
sodium iodide symporter, a crucial determinant of response
to radioiodine therapy [57]. Although few data are currently
available on the clinical significance of TERT p mutations,
current publications report an association between the
presence of this mutation and clinically aggressive disease,
including resistance to radioiodine [81]. Analysis of
molecular markers including BRAFV600E and the p-TERT,
C228T and C250T mutations have been proposed as
reliable prognostic biomarkers and have been reported to
be associated with aggressive clinical and pathological
characteristics, making the study of these biomarkers a new
area of cancer research [24].

However, the coexistence of TERT promoter mutation
and BRAFV600E have a marked synergistic effect on the
aggressiveness of PTC, including increased tumor
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recurrence, high patient mortality and resistance to
radioiodine therapy, while either mutation individually has
been reported to show less significant effects. In adult
patients (>55 years), the disease tends to progress more
rapidly and the tumor behaves more aggressively than in
younger individuals [89].

Huang M, Yan C. and co-authors [35] conducted a
study in northwest China, where 483 patients were
included. Of these, 435 (90.1%) patients with PTC had
BRAF V600E mutation, 419 patients had BRAF V600E
mutation alone and 16 patients had double mutations.
Forty-eight patients had triple negative mutations. The
authors concluded that the prevalence of the BRAF V600E
mutation was higher in northwest China. The authors also
note that the coexistence of the BRAF V600E and TERT p
mutations was significantly correlated with lymph node
metastases and multifocality. Patients with these mutations
are more likely to have distant metastases and tumor
relapses. The presence of a double mutation results in
tumor spread beyond the thyroid gland and may result in
disease-related death [35].

RAS mutation is a classical activator of the MAPK
pathway and the photocatidylinositol-3-kinase (PI3K)
pathway. RAS genes including NRAS, HRAS and KRAS
are called proto-oncogenes. RAS mutation is closely
associated with distant metastasis and other clinical
adverse reactions of thyroid cancer. Among them, mutation
in NRAS codon 61 is the most common, in addition to
HRAS codon 61, KRAS codon 12/13, KRAS codon 61 and
other mutations. RAS mutation has been found to coexist
with  BRAF mutation and RET/PTC rearrangement,
especially in advanced stages of papillary TC, and it is an
important factor for unfavourable prognosis [36].

Leila  Shobab, Cristiane  Gomes-Lima et al.
retrospectively analyzed the data of patients with CRC
followed up during 2013-2017 in two centers. Patients were
considered refractory to radioiodine according to the
American Thyroid Association guidelines. The control group
was comparable in gender and age and had either
regression or stabilization of disease (according to
response evaluation criteria for solid tumors) at follow-up for
at least three years after initial therapy. The molecular
profiles of a subset of patients with radioiodine resistance
were reviewed. Molecular profiling data in the radioiodine
resistance subgroup showed that 50% of patients had
mutations in the RAS/RAF pathway. The authors also noted
that among patients with metastatic differentiated thyroid
cancer, patients with radioiodine resistance had similar
histopathological and clinical characteristics to patients with
avid thyroid cancer. The risk of radioiodine refractoriness
increases at age =46 years and decreases in Caucasian
race [30].

Conclusion. Based on the analysis of publications, we
can conclude that significant progress has been made over
the past decades in understanding the molecular
mechanisms that cause the malignant evolution of DTC and
the development of radioiodine resistance. Given the
relationship  between molecular and histological
heterogeneity, the selection of tumor samples for molecular
genetic analysis should be based on the results of
histological evaluation of the entire tumor. Comprehensive
molecular genetic analysis, as well as histological

characteristics of the tumor, will subsequently play an
important role in stratifying patients and determining further
patient management tactics.
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