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Aim. Demonstration of a clinical case of radioiodine resistance highly differentiated thyroid cancer and discussion of
current diagnostic methods: the role of PET-CT with 18F-FDG.

Materials and methods. The study design is a retrospective study. A database of patients who underwent treatment in
the radionuclide therapy department of the Centre for Nuclear Medicine and Oncology of the Abay Regional Healthcare
Institution was formed. This clinical case was taken from this database.

Results and discussion. The clinical case we reviewed confirms the presence of a flip-flop phenomenon in the
radioiodine resistance course of thyroid cancer. PET-CT with 18F-FDG is an important component in the diagnostic
algorithm of patients with highly differentiated thyroid cancer, suspected or confirmed radioiodine resistance. The method
provides visualization of metabolically active tumor foci due to the accumulation of fluorodeoxyglucose in tissues with
increased glycolysis.

Conclusions. PET-CT using 18F-FDG occupies an important place in the diagnosis of radioiodine resistance
differentiated thyroid cancer. The method makes it possible to identify metabolically active tumors and metastases that
do not accumulate radioactive iodine and indicates the aggressiveness of the process. Despite the existing limitations,
PET-CT with 18F-FDG remains an effective tool for making decisions about the expediency of radioiodine therapy and

the choice of further treatment tactics.
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INTRODUCTION

The incidence of thyroid cancer is increasing every
year both in the world and in Kazakhstan. According to
the indicators of the oncological service of the Republic of
Kazakhstan, an increase in this disease was detected in
2023. It is one of the 10 most common cancers in women,
accounting for 4.4% (4.2%) [3]. In most cases, the course
of well-differentiated thyroid cancer (WDTC) is character-
ized by a favorable prognosis. Moreover, this disease has
a good sensitivity to radioiodine therapy.

After performing organ-preserving operations on the
thyroid gland, in cases where, according to the results of
the stratification of the risk of recurrence, the patient be-
longs to the intermediate or high-risk group, total thyroid-
ectomy is indicated for the subsequent use of radioactive
iodine [8].

Radioiodine therapy (RIT) allows you to destroy the
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remnants of thyroid tissue and accumulating radioactive
iodine tumor foci. It has a positive effect on overall and
disease-free survival in patients with highly differentiated
thyroid cancer.

However, it should be noted that a certain group of
patients develops resistance to radioiodine therapy during
treatment. Cases with one or more of the following signs
should be considered as resistance cases of WDTC: the
presence of one or more foci of WDTC, visualized on pos-
itron emission tomography (PET), but not accumulating
I-131 on post-treatment scintigraphy of the whole body;
progression of the tumor process after < 12 months against
the background of cancer activity of at least 3.7 GBq un-
der the condition of successfully ablated thyroid residue;
absence of regression of tumor foci with a total therapeutic
activity of radioactive iodine of more than 22 GBq (600 mCi)
[4]. Other predictors of radioiodine resistance are: the pres-
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ence of BRAF, TERT mutations; an increase in thyroglob-
ulin levels without visible structural progression; significant
uptake of 18F-fluorodeoxyglucose (18F-FDG) in PET/CT by
metastatic foci; lack of accumulation of 1-131 according to
SPECT/CT scan during the introduction of therapeutic or
diagnostic activity [1].

Radioiodine-refractory differentiated thyroid cancer
(RAI-R DTC) is an aggressive form of this disease charac-
terized by limited therapeutic options. In this regard, timely
and accurate diagnosis becomes important for determining
the optimal treatment strategy. Modern imaging methods
play an essential role in the diagnosis, choice of treatment
strategy and monitoring of the condition of patients with
this pathology. Single-photon emission computed tomog-
raphy (SPECT) and positron emission tomography (PET),
when combined with computed tomography (CT), not only
allow for the visualization of tumor lesions but also enable
their quantitative assessment, which significantly improves
the diagnostic accuracy of radioiodine-refractory differenti-
ated thyroid cancer (RAI-R DTC).

For a correct assessment of tumor dynamics in pa-
tients with radioiodine resistance, it is advisable to use
the RECIST 1.1 system [6]. It should be noted that for a
comprehensive assessment and diagnosis of radioiodine
resistance in patients, it is necessary to take into account:
the level of thyroglobulin, antibodies to thyroglobulin in the
blood serum, the result of post-therapeutic scintigraphy of
the whole body, the conclusion of PET-CT with 18F-FDG.
Whole-body scintigraphy performed after radioiodine ther-
apy can detect thyroid cancer metastases. PET-CT of the
whole body provides an opportunity to detect a discrepan-
cy between the distribution of radiopharmaceuticals 1-131
and 18F-FDG. In particular, in the absence of accumula-
tion of 1131 for SPECT/CT with radioactive iodine and the
presence of increased uptake of 18F-FDG during PET-CT
of the whole body, the so-called "flip-flop” phenomenon is
observed, reflecting the inverse relationship between the
iodine storage capacity of tumor cells and their metabolic
activity.

The aim of the study was to demonstrate a clinical
case of radioiodine resistance highly differentiated thyroid
cancer and to discuss current diagnostic methods - the role
of PET-CT with 18F-FDG.

MATERIALS AND METHODS
The study design is a retrospective study. A database
of patients who underwent treatment in the radionuclide
therapy department of the Centre for Nuclear Medicine and
Oncology of the Abay Regional Healthcare Institution was
formed. This clinical case was taken from this database.

RESULTS

Patient Zh., 43 years old, has been ill since 2018,
when he complained of weakness and the appearance of
an formation in the cervical region. He was examined at
his place of residence, and surgical treatment was recom-
mended. In 2018, a volume operation was performed - a
hemithyroidectomy on the left. Postoperative histological
conclusion: follicular cancer. Thyroglobulin is more than
600 ng/ml. In January 2019 and February 2019, 2 repeated
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surgeries were performed for the progression of the dis-
ease in volume: lymphadenectomy of the neck on the left
and hemithyroidectomy on the right. In September 2019,
he completed 1 course of radioiodine therapy with 3 GBq
activity. On the 3rd day after radioiodine therapy, on the
background of the physiological distribution of I-131 in the
projection of the gastrointestinal tract and salivary glands,
focal hyperfixation of the drug in the projection of the thy-
roid gland bed is determined by 26% of the total body scin-
tigraphy (SVT). No other foci of pathological hyperfixation
of the indicator have been identified.

In dynamics, in June 2020, a second volume operation
was performed - cervical lymphodissection on both sides.
In March 2021, he completed the 2nd course of radioiodine
therapy with 3 GBq activity. Scintigraphy of the whole body
on the third day after radioiodine therapy against the back-
ground of the physiological distribution of I-131 in the pro-
jection of the gastrointestinal tract and salivary glands did
not reveal data for the presence of foci of hyperfixation of
the indicator. In May 2021, a second volume operation was
performed — removal of a recurrent thyroid tumor on the left.
Postoperative histological conclusion: The morphological
picture corresponds to follicular carcinoma of the thyroid
gland with invasion of the tumor capsule. In December 2021,
he received the 3rd course of radioiodine therapy with an
activity of 5610 MBq. Conclusion of whole body post-thera-
peutic scintigraphy: signs of a focus of weak isotope accu-
mulation in the area of the thyroid isthmus. Recommended:
Full body SPECT with 1-131 in dynamics. Consultation with
a radionuclide therapy doctor. Ultrasound of the neck lymph
nodes (level V). Analyzes dated December 2021: antibodies
to thyroglobulin - 13.84 IU/ml, thyroglobulin-230 mg/ml.

In dynamics, on November 23, the patient underwent
a diagnostic CT scan (fig. 1). Conclusion: The focus of iso-
tope accumulation in the area of the thyroid gland bed has
not been revealed (figure 1). Cancer markers from Decem-
ber 2023: thyroglobulin — 528 ng/ml, thyroglobulin antibod-
ies — 19.06 IU/ml. She is consulted by doctors of nuclear
medicine. Recommended: follow-up with an oncologist,
endocrinologist at the place of residence. A course of radi-
oiodine therapy is currently not indicated.

Further, in dynamics, in March 2025, the patient under-
went a full-body PEC-CT scan. Conclusion: The PET-CT
picture of a metabolically active nodule formation in the thy-
roid gland bed with hyperfixation of the thyroid gland corre-
sponds to a recurrence of the underlying disease (figure 2),
and consultation with an oncologist is recommended. The
metabolically active nodular seals of both lungs are of a
secondary nature. Metabolically weakly active subclavian
lymph node on the left is reactive, ultrasound monitoring is
recommended.

The patient is currently under the supervision of an on-
cologist at his place of residence.

Ethical issues. The conduct of this study was ap-
proved by the Local Ethics Commission of the NCJSC "Se-
mey Medical University" (Extract from the minutes of the
meeting Ne1b dated November 02, 2023). Also, before ad-
mission to the hospital, patients signed a written "Informed
consent of the patient" for the impersonal dissemination of
his medical information.
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Figure 1 — Conclusion of the SPECT: The focus of isotope accumulation in the area of the thyroid gland bed was not

revealed

DISCUSSION

Positron emission tomography combined with com-
puted tomography (PET-CT) using 18F-fluorodeoxyglu-
cose (18F-FDG) is included in the diagnostic algorithm
for the examination and follow-up of patients with highly
differentiated thyroid cancer in the presence of confirmed
or suspected radioiodine resistance.

Once inside the cell, fluorodeoxyglucose (FDG) is
phosphorylated by the enzyme hexokinase to FDG-6-
phosphate. FDG-6-phosphate, in turn, is not a suitable
substrate for the enzyme glucose-6-phosphate isomer-
ase and does not undergo a further stage of metabolism.
This process leads to its intracellular accumulation, which
will be recorded by PET-CT of the whole body. The rate
of elimination of phosphorylated FDG is very low. There-
fore, in tumor cells with an increased need for glucose,
it accumulates to a greater extent than in healthy ones.
This makes it possible to differentiate metabolically active
metastases or tumors from healthy tissues.

The discrepancy between the accumulation of fluo-
rodeoxyglucose and radioactive iodine was called the
flip-flop phenomenon. Thus, PET-CT with 18F-fluorode-
oxyglucose has been recognized as an effective diagnos-
tic method for thyroid cancer in patients with radioiodine
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resistance [5] and is the basis for abandoning radioiodine
therapy and searching for other methods of antitumor
treatment [10].

In April 2024, a master class was held in the Russian
Federation called «Differentiated thyroid cancer. Patient
management». The purpose and objectives of this master
class were to assess the difficulties associated with the
interaction between radiologists of radioiodine therapy
centers and clinical oncologists in the field, as well as to
develop a unified approach to understanding the stages
of treatment of progressive radioiodine resistance differ-
entiated thyroid cancer. Based on the results of this event,
limitations of positron emission tomography combined with
computed tomography were announced, such as: lack of
clear recommendations on the time of re-evaluation; false
negative results with a small tumor size; false positive re-
sults in inflammatory processes, iatrogenism and foci with
high physiological glucose accumulation. However, this
diagnostic method has a number of positive qualities in
determining radioiodine resistance. It should be taken into
account that with PET/CT is advisable to evaluate SUL
(standardized uptake lean body mass) — the standardized
level of glucose uptake by muscle mass. This indicator has
a greater diagnostic value than the SUV. The advantages
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Figure 2 — Conclusion of PET-CT scan. A (1, 2) is a pattern of metabolically active nodular formation in the thyroid
gland bed with hyperfixation of the thyroid gland, which corresponds to a recurrence of the underlying disease. B (1, 2),
Metabolically active nodular seals of both lungs are of a secondary nature

of using SUL in the assessment of foci are a more uni-
form distribution of 18F-FDG in muscle mass; SUL does
not take into account white fat and correctly assumes the
distribution of 18F-FDG, which reaches equilibrium in low-
fat tissues. PET/CT results should also be supplemented
with an assessment of all the clinical data of patients as a
whole [1].

Doctors from Finland published about the successful
use of PET-CT with FDG in prostate cancer in their prac-
tice in 1987. They described a number of clinical cases of
patients with thyroid cancer with multiple distant metas-
tases. The authors concluded that metastases can accu-
mulate only FDG, only 1-131, and both FDG and 1-131;
the accumulation of FDG in metastases increases in par-
allel with their progression; metastases that accumulate
FDG but do not accumulate I-131 may behave more ag-
gressively than metastases that accumulate 1-131rather
than FDG [9].

Along with this, the benefits of FDG accumulation in
thyroid cancer have been studied by other authors in their
works. In his work, U.Feine demonstrated the discrepan-
cy between the accumulation of 18F-FDG and radioactive
iodine. He called this phenomenon the flip-flop phenom-
enon. The essence of the phenomenon boils down to the
fact that thyroid cancer with low iodine avidity is prone
to higher glucose metabolism. Thus, the probability of a
positive PET scan increases, which means that this case
is probably radioiodine resistance [2, 7].

CONCLUSIONS
Positron emission tomography, combined with com-
puted tomography with 18F-FDG, is an important com-
ponent in the diagnostic algorithm of patients with high-
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ly differentiated thyroid cancer who have suspected or
confirmed radio resistance. The method provides vis-
ualization of metabolically active tumor foci due to the
accumulation of fluorodeoxyglucose in tissues with in-
creased glycolysis. The flip-flop phenomenon, expressed
in the inverse dependence of the accumulation of 1-131
and 18F-FDG, emphasizes the need to integrate PET-CT
in assessing the biological behavior of a tumor in cas-
es where there is no accumulation of radioactive iodine.
Despite its high sensitivity, PET-CT has some limita-
tions: false positive results are possible for inflammatory
changes, as well as false negative results for small foci.
This requires a comprehensive approach to interpreting
the results, taking into account the patient's clinical and
laboratory data. The clinical data accumulated to date
show that FDG-positive, but iodine-negative metastases
are characterized by a more aggressive course. As a re-
sult, it can be concluded that the results of PET-CT may
serve as a basis for abandoning radioactive iodine and
choosing alternative therapies, such as targeted or sys-
temic treatment.
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Lenb. eMoHCTpaumsi KITMHUYECKOTO Criyyasi paguonogpesncTeHTHOMO BbicokoanddepeHUMpPOBaHHOMO paka LWuTo-
BUAHOW Xenesbl M 06CyXaeHne COBPEMEHHbIX METOA0B AnarHoctuku: ponb MAT-KT ¢ 18F-FDG.

Mamepuarnbi u MemoObI. u3aiH nccrnefoBaHns — peTpocrnekTuBHoe nccnegosaHue. CcopmupoBaHa 6a3a AaHHbIX
NauMeHTOB, NPOLLEALLNX KYpC NIeYeHNs B OTAENEHUN paanoHyKnuaHow Tepanuu LieHTpa AgepHon meguuuHbel 1 OHKOIO-
rmn Y3 Obnactu AGaw. NpenctaBneHHbIn KMMHUYECKUA criydan bbin B3AT 3 JaHHo! 6asbl.

Pesynsmamei u obcyx0eHue. PacCMOTPEHHbIN KNMHWYECKUI Criyqan nogTeepaaeT Hanuume dpeHomeHa «flip-flop»
B TEYEHUM Paanonoape3nCTEHTHOIO paka wutoeuaHom xenesbl. MAT-KT ¢ 18F-FDG aBnseTcs BakHbIM KOMMOHEHTOM B
ONarHoCTUYECKOM anropMTMe NaumMeHToB C BbicokoanddepeHUMPOBaHHBIM PakoM LLMTOBMAHOW Xernesbl, Nogo3peBae-
MOW WM NOATBEPXOEHHOWN pagMonoape3ncTeEHTHOCTBIO. MeTog obecnevmBaeTt Busyanm3aumio MeTabonmyeckm akTme-
HbIX O4aroB OMyXOmnu 3a CYET HAKOMMEHNS (PTOPAE30KCUITIIOKO3bl B TKAHSIX C MOBbILLIEHHbLIM TIMKONTN30M.

Bbigodbi. MAT-KT ¢ 18F-FDG 3aHMMaeT BaxHoe MeCTO B AMArHOCTUKE paamonioapesncTeHTHoro anddepeHumnpo-
BaHHOIO paka LMTOBUAHON xene3bl. MeToa no3BonsieT BbIBNATE META00ONNYECKN aKTUBHbBIE OMYXONy U MeTacTasbl, He
HakannueawLLme pagnoakTUBHBIN NOA U yKa3biBaloLLMe Ha arpecCcMBHOCTb npouecca. HecmoTpsi Ha umetowwmecs orpa-
Huyenus, MAT-KT ¢ 18F-FDG ocTaetca acpheKTUBHLIM MHCTPYMEHTOM A NPUHSATUS PELLEHUSI O LienecoobpasHoCTu
NpoBeAeHUs paguoriogTepanuy 1 Belbopa fanbHENLEN TakTUKN NIEYEHMS.

Knrouessie criosa: BbicokogmddepeHUMPOBaHHBIN pak LUTOBUOHONM Xenesbl; paanonogpe3ncTeEHTHOCTb; KIMHNYe-
ckun cnydan; NMIT-KT

A. M. Paxmatrkynoea”, /1. A. MNak?, XK. b. MycaxaHosa®>*, A. C. bakmusp’, . M. CelimxaHosea’,
K. K. KydalibepduHos', M. A. Mycynbmarosa’, XK. K. bypkumbaeg?

PAOVWOWUOOKA TO3IMAI KANKAHLLA BE3I KATEPSI ICITIHIH AUATHOCTUKACBIHOAFbI 3SAMAHAYU
OOICTEP: 18F-FDG N3T-KT MAHbI3bI

"Mpodeccop O. P. MycuHOB aTbiHOafFbl KNMHUKambIK OHKOMOMS XXaHe A4ponblk MeauumHa kadegpacel, KeAK «Cemeit
meguumHa yHusepcuteTi» (071400, KasakctaH Pecnybnukackl, Cemen k., Aban keweci 103; e-mail: smu@smu.edu.kz)
2¥NTTIK FbINbIMM OHKonoruns optansifbl (010000, Kasakctan Pecnybnukackl, ActaHa K., Kepelt xeHe YXoHibek xaHaap
Keweci 3/2; e-mail: nntsot@mail.ru)

’On-dapabu atbiHaarbl Kasak ¥nTTblk yHuBepcuteti 050040, KasakctaH Pecny6nukacbl, Anmatbl k., ©n-®apabu
AaHfbinel, 71; e-mail: info@kaznu.edu.kz)

4MaTonorus xeHe icik anarHoctTukacbl 6enimi, ATomablK KapbinbiC aypynapbl MHCTUTYTbI, Haracaku YHuBepcuteti (XKa-
noHus, Haracaku k. 852-8523, Cakamoto 1-12-4; e-mail: genkenbyori@ml.nagasaki-u.ac.jp

*AnpaHa ManHapoBHa PaxmaHkynoBa— npodeccop . P. MycnHoB aTbiHAafbl KITMHWUKAmbIK OHKONOMUS XXaHe SiAPONbIK
meguumHa kadegpachkl, KeAK «Cemen MeanumHa YunsepcuteTin; 071400, KasakctaH Pecnybnukackl, Cement k., Aban
keweci 103; e-mail: dana77792@mail.ru

3epmmeydiH makcamebl. Pagnonogka Tesimai )ofapbl capanaHfaH kankaHwa 6e3iHiH katepni iciriHiH KnMHUKanbIK
XafalblH KepCeTy XaHe 3amaHayu AuarHocTukanblk agictepai Tankbinay: 187-FDG 6ap NIAT-KT peni.
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HabnrogeHnsa U3 npakTUku

Mamepuandap meH adicmep. 3epTTey Ou3aliHbl peTpocnekTMBTi 6onbin Tabbinagbl. Abar obnbICThIK AeHcaynbIK
cakTaygbl 6ackapy Agoponbik MeguumHa XXeHe OHKOMOrus opTanbifbiHbIH PaanoHYKNUATI Tepanus 6eniMiHae emaenreH
HayKacTapAblH AepeKTep Kopbl Kypbinabl. Byn KnuHukanelk )arfgan ocbl 4epeKKopaaH anblHFaH.

Hemuxenep meH marikbinay. bepinreH KnuHWKanbIK Xargan pagvonoaka TesiMai kankaHwa 6esiHiH katepni iciri
kesinae «flip-flop» KyGbINbICbIHBIK 6onybIH pacTaabl. 187-FDG 6ap MAT-KT paguorioaka Tesimainikke kyaik 6ap Hemece
pacTanfaH, Xofapbl capanaHfaH KankaHwa 6esiHiH kaTepni iciri 6ap HaykacTapgpbl XXypridygeri AuarHocTukarnblk anro-
PUTMHIH MaHbI3abl kKypamaac 6eniri 6onbin Tabbinaabl. ©a4ic rMMKONKU3i XKofFapblnaraH Tinaepae MTOpAEOKCUTTIIOKO3aHbIH
XvHanyblHa 6arnaHbICTbl MeTabonukanblk 6enceHai icik owakTapblH BU3yanusauusanayabl kamTamachi3 eTesi.

KopbimbiHObI. 18F-FDG Gap MAOT-KT paguoioaka Tesimai capanaHfaH kankaHwa 6esiHiH obblpblH AvarHocTukanay-
Aa MaHpbl3abl OpbIH anagpbl. 94ic paanoakTUBTI MOATHI XXMHAKTaMaWTbIH XXoHe YPAICTiH arpeccuBTiNiriH kKepceTeTiH MeTa-
bonukanblk 6enceHgi icikTepai xaHe meTacTasgapabl aHblkTayFa MyMKiHAIK 6epegi. Kasipri keage kenbip wekteynepain
6onybiHa kapamactaH, 18F-FDG 6ap MOT-KT pagnonoaTsl TepanusHbl xarnFacTblpy Hemece ofaH 6acka emaey TakTu-
KacblH TaHAay YLWiH TMiMai kypan 6onbin kana 6epegi.

Kinm ces3dep: KankaHwa ©Oe3iHiH »ofapbl capanaHfaH 0Oblpbl; paauoMoAThl TepanusFa TesiMAiniK; KNMHUKanbIK
»arnan; MOT-KT
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