CLINICAL PRACTICE

ISSN 2304-8336. pobnemn paniauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2022. Bun. 27.

YIK 616. 441-006.6-089.87/-073.916:615.849.1

. O. JIxxyxkars

Haujionanvuuit incmumym paky, eya. Jlomonocosa, 33/43, m. Kuie, 03022, Ykpaina

TO30BI 3BAKOHOMIPHOCTI ITPU PAJIOABJALIT 3ATUIIIKOBO1
TUPEOITHOI TKAHUHHU Y XBOPUX HA JINM®GEPEHIIIMIOBAHU
PAK IIUTONOJAIBHOI 3AJ1I03U

MeTa: BUBYMTM 3aN€XKHOCTI MiX ocepefiKoBUMMU NomuHyTUMK fo3amu (OMJ) y 3annwkoBiil TkKaHUHI wuTonoaibHoi 3a-
nosu (3TLL3) npu nposepenHi pagioitogotepanii (PWT) y xBopux Ha andepeHuiiloBaHmii pak wWuTonogibHoT 3an03u
(OPLW3) Ta edekTUBHiCTIO pagioabnsauii.
Marepianu T1a metopu. MpoaHanizoBaHo pesynbtatn BusHavyeHHs ONJ B 3TLL3 y 221 xBoporo vy Biui 25-74 pokis.
CumHTMrpadiyuHi [OCNILKEHHA BUKOHYBANNUCh Ha raMMa-kamepi «MB 9200» i emiciiiHomy Komn'toTepHOMY ToMOrpadi
«E. CAM 180». 0NJ, 8 3TLU3 BU3HaYanuch BignoBiAHO A0 pekomeHaauin KomiTeTy 3 MeAMUYHMX BHYTPIWHIX pagiauin-
HUX [03.
Pe3ynbratu. CepepHs ONJ B ginaHkax 3TLW3 cknapana (125,9 + 8,6) Ip 3 konuBaHHaMK Big 1,8 no 1373,4 Ip. Mo3uTus-
Huit edbekT nicna nepwoi PUT 6ys oTpuMaHuii y 77,4 % xBopux, JOCATHYTa NoBHa abnalia 78 % pinaxok 3TLL3. Cepen-
Ha OMJ B cnocTepexeHHsx 3 NOBHOW pagioabnauieto cknapana (147,0 + 13,3) Ip 3 gianasoHom Big 1,8 go 13734 Ip.
EdektusHicts PUT nocTiitno 36inbuysanacs 3 68,2 1o 93,7 % npu 3pocTanHi cepennix OMNJL 3 30 4o 370 p. Mogans-
we 36inbwenHs OMNJ He npu3BOAMAO [0 CKiNbKWU-HEOYAb 3HAYHOTO MiABULLEHHA eEKTUBHOCTI: Npu 36iNbLWEHHT ce-
peatboi ONJM 3 370 go 776 p yacToTa NOBHOT paaioabnauii migeuiwmnack Tinbku Ha 0,4 %. Mpu npoBeaeHHi noBTOP-
Anux PAT ONJ 8 pinankax 3TLI3, Ak npaBuno, 3HUXyBanUChL NicAA KOXHOTO KypCy. 3a AONOMOrOI0 perpecuBHoOro
aHani3y BCTAHOBNEHO XapaKTep 3aNexHOoCTi eeKTUBHOCTI nepwoi pagioabnauii 3TL3 sig ONJ, sakuit mas BuA cTe-
neHeBoi dyHKUii. BignoBigHo no HeT edeKTUBHICTb Neplioi pagioabnauii cknagae npu 40 p — 72,8 %, 150 Ip — 84,9 %,
300 p — 91,2 %, 400 Ip — 93,7 %, 500 Ip — 95,7 %.
BucHosku. Bennunnm ONJ 8 3TLLU3 npu PAT xapakTepu3syioTbCa 3HaYHUMM KONMBAHHAMM i MOXKYTb Bipi3HATMCA Ha
TPV NOPALKMY, LLLO MOXKE NOACHIOBATUCH Pi3HUM aHATOMO-(YHKLiOHaNbHUM CTaHOM NOAOMO3UTUBHOT TUPEOTAHOT TKAHK-
HUW Micns XipypriyHux BTpyYaHb Ta ii pagiope3ncTeHTHicTio. EdekTMBHICTb pagioabnauii 36inbUyeTbCA 3 NiABUILEHHAM
ONJA, ua 3anexHicTb Mae HeNiHiNHUI xapakTep. s edekTuBHOCTI pagioabnauii 3TL3 icHye BepxHiit 4o30Bwit nopir
y AianasoHi 350-400 p. YacToTa TMpeoifgHOT TKAaHUMHK 3 BUCOKOIO pafiope3ncTeHTHICTIO cknagae 6ins 6 %.
KnioueBi cnoBa: pudepeHuiiioBaHuit pak WMUTONOAIOHOT 3an03M, 3aNMWKOBA TKAHWHA LWWTONOLIOHOT 3ano3u,
papioiiofoTepanis, pafioabnsuis, ocepeaKoBa NorMuHyTa [03a, Moa-131.
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DOSE RELATIONSHIP DURING RADIOABLATION OF THYROID
RESIDUAL IN PATIENTS WITH THYROID DIFFERENTIATED
CANCER

Objective: to study relationship between the focal adsorbed doses (FAD) in the residual thyroid tissue (RTT) at
radioiodine therapy (RIT) in patients with differentiated thyroid cancer (DTC) and efficacy of radioablation (RA).
Materials and methods. FAD in RTT in 221 patients aged 25-74 years were analyzed. Scintigraphic investigations
were executed using gamma-camera «MB 9200» and single photon emission tomograph «E. CAM 180». FAD in RTT
were determined according to recommendation of the Committee on Medical Internal Radiation Dose.

Results. Mean FAD in RTT was consisted (125.9 + 8.6) Gy with range 1.8-1373.4 Gy. Positive effect after first course
of RIT was in 77.4 % of patients complete RA of 78 % of RTT was achieved. Mean FAD in cases with complete RA was
(147.0 £ 13.3) Gy with range 1.8-1373.4 Gy. Efficacy of RIT constantly increased from 68.2 to 93.7 % with increas-
ing mean FAD from 30 to 370 Gy. Feather enlarging of FAD did not lead to any significant increasing of efficacy of RIT:
enlarging mean FAD from 370 to 776 Gy increased efficacy of RA on 0.4 % only. Repeated RIT decreased FAD in RTT
after each course. Using regression analysis was established type of relationship between efficacy of RA and FAD in
RTT, according it efficacy of first RA consists at 40 Gy 72.8 %, 150 Gy — 84.9 %, 300 Gy — 91.2 %, 400 Gy — 93.7 %,
500 Gy - 95.7 %.

Conclusions. FAD in RTT at RIT differ in large range, it can be explained different anatomical and functional condi-
tion of iodine accumulate thyroid tissue after surgical treatment and its radioresistance. Efficacy of RA increases with
enlarging of FAD, this relationship is nonlinear. Efficacy of RA has the upper dose threshold in range 350-400 Gy. The
frequency of thyroid tissue with high radioresistance is approximately 6 %.

Key words: differentiated thyroid cancer, thyroid residual tissue, radioiodine therapy, radioablation, focal adsorbed

dose, iodine-131.
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BCTYII

3araJpHOMPUITHATA TAKTUKA JIiIKyBaHHS AudepeHLiiioBa-
Horo paky mutononioHoi 3ano3u (JAPIL3) Bkiouae Tpu
OCHOBHUX KOMMOHeHTU — TupeoigekTomito (TE), pamio-
itonorepamitio (PYT) i cympecuBHY ropMOHOTEpAITilo.
Mepumii kype PUT cripsiMoBaHMii Ha pagioabisiiiio 3a-
JIMIIKOBOI TKAHWHU 1IMTOMNOoAiIOHOI 3ai103u (3TIL3) micns
OITEPaTUBHOTO JIIKYBaHHSI Ta OILIIHKY PO3MOBCIOMKEHOCTI
OyxXJIMHHOTO mpouecy. PamioaGnsiiist MpoBOAUTHLCS 3 Me-
Toro 3HMIIeHHd autgHok JAPII3, mio 3aaumaroTbest, i
CTBOPEHHSI YMOB UISI TTOAJIBIIIOTO MOHITOPUHIY XBOPHX.
EdexTuBHIiCTb pagioabisiii B mepiry yepry 3yMOBIIOEThCS
BeIMYMHAMM ocepenkoBux mormuHytnx mo03 (OI1/I), 1o
ctBopiotoThes B 3TIL3. OIN/, 1110 npu3BoAsATH A0 MOBHOI
panioabslLii, 1al0Th YSBY IPO Aiana3oH pagiope3rCTeHT-
HOCTiI HOpMaJIbHUX TKAHWH JIOOWHM, OCKIJIbKH, SIK IIPaBH-
JIO, OCHOBHA Maca THUPEOITHOIO 3aJMIIKY IIpeAcTaBlIcHa
HOPMAaJIbHOIO TKAHMHOIO, a IX OLiHKa IIpU MPOBEACHHI
PUT moxe GyTH MpOCTOIO i epeKTUBHOI MOIEIUTIO s

Pd Dmytro O. Dzhuzha, e-mail: dadzhukrn@ukr.net

INTRODUCTION

The usual strategy of treatment of differentiated
thyroid cancer (DTC) consists from tree basic
components — thyroidectomy, radioiodine ther-
apy (RIT) and suppression hormone therapy.
The first course of RIT is directed on radioabla-
tion (RA) of the residual thyroid tissue (RTT)
after thyroidectomy and evaluation of spreading
of the tumour process. The aim of radioablation
is the elimination of potential foci of DTC and
creating conditions for monitoring of the
patients. Efficacy of radioablation is determined
mainly by the values of created focal adsorbed
doses (FAD) in RTT. FAD, which creates com-
plete radioablation, may give the information
about the radioresistance of normal human tis-
sue, because, as rule, the basic mass of RTT is a
normal tissue, and evaluation of FAD may be a
simple and effective model for study in this
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JOCJiIKEeHb B LIbOMY HaMpsIMKY. BeanynHu aGiasTUBHUX
OIId MOXyTb COPUSITH OibLI TOYHOMY MPOTHO3YBAHHIO
pe3ysbTatiB HacTyrmHuX Kypceis PUT nipu MetactatnaHo-
MY MPOILIECi, OCKIIBKY MyXJIMHHA TKAHWHA MOXe HaCJTiIy-
BaTU pagiope3UCTEHTHICTh HOPMAJIBHOI.

B gxocTi 1030BOr0 mopory Ajisi MOBHOI pamgioa0siiii
3TLI3 3anmpornonoBana BeanmamHa OIT B 300 Ip [1, 2].
Lle 3HaueHHS IIMPOKO 3aCTOCOBYBAIOCH JJISI PO3PaXyH-
Ky abJIITUBHUX aKTUBHOCTeH ioay-131 Ha ocHoBi OIT/,
110 CTBOPIOIOTHCS TMPU AiarHOCTUYHIN cHUHTUTpadii,
sika mpoBoauThes nepen PUT. Omnak OIT 300 Ip ne
3aBXIM 3a0e3nedye MmoBHY pamioadnsnito 3TIHI3, yact-
KoBUIi epeKT Moxe crioctepiratucs HaBiTh ipu OIT B
700—1300 Ip [2, 3]. BomHOYaC HU3KOIO JOCTiIKEHb MOKA-
3aHO, 1110 JOCTaTHbO BUCOKA YaCTOTA MOBHOI paaioadJisiiii
3TIL3 Moxe croctepiratucs i MpU 3HAYHO MEHIIMX
OINd — 40—150 Ip [4—6]. Y 3B’I3KYy 3 HEOMHO3HAYHICTIO
ouiHok BenmunH OIT/I, HeoOXigHUX 111 TOBHOI AeBiTaJTi3a-
mii 3THI3, B poboTi MpUBeNeHO CTUCINIA BUKJIAMI PE3YiIb-
TaTiB 0araTopiyHMUX AOCTiIKEeHb, TPUCBIYEHUX TO30BUM
3aKOHOMIPHOCTSIM MPU pafioadIsiiii TUpEOiqHOI TKAHUHU.

META

Busnauuntu xapakrep 3anexHocreit mixk OIT/, 110 cTBO-
prototbest B 3TIL3 mpu mposeneni PUT, i edexTuBHICTIO
panioabidlii, sIKka € BiZOOpaKeHHSIM pPaaiope3UCTeHT-
HOCTi TUPEOIIHOI TKAHUHMU.

MATEPIAJIM I METOJIN

IIpoananizoBaHo pe3yabraTud BuszHadeHHsa OIIJl B
3THLI3y 221 xBoporo Ha JAPILL3 y Bitti 25—74 pokis (181
KiHka, 40 4osoBiKiB). YciM malieHTaM MOpPOBOAUIU
KOMIIJIEKCHE JIIKyBaHHS, IO BKJIIOYAO TUPEOINEKTO-
mito, PYT i cynpecusHy ropmoHoTepamio. 3a 4—6 Tix-
HiB ITiCJIsSI TUPEOiAeKTOMil XBOPUM BUKOHYBAJIM iarHOC-
TMYHy cuuHTurpadiio 3 70—80 Mbk #togy-131, Ha oc-
HOBI JaHUX K01 poBoauau paaioadnsuio 3TII3 pos-
PaxXyHKOBUMM a00 eMITipUIYHUMU aKTUBHOCTSIMU B Me-
xax 1,8—4,8 I'bk.

Ha yetBepty no0Oy miciasg mpuiiomy JiKyBaJIbHUX aK-
TUBHOCTE! IpU3HAYAIN CYIIPECUBHY TOPMOHOTEpAITiio
L-TupokcuHoM, e(heKTUBHICTb 11 KOHTPOIIOBAIU BU3HA-
YEeHHSIM piBHSI TUpeoTpornHoro ropmoHy (TTT) y kpogi.
CynpecuBHY TOPMOHOTEpaIlilo BBaXKajlud aAecKBaTHOIO,
ko piBeHb TTT 3a 3 Micsi micas movyaTKy npuiiomMy
L-tupoxcuny He nepesuinysas 0,1 Hr/mi.

KonTtponbay cumHTUTpadifo i BU3BHAYCHHS PiBHIB TH-
peorsiooyniny (TI) kpoBi mpoBoauiau 4yepe3 KOXHi 6
Mics1iB TIpoTsaroM mepmux 1,5—2 pokis. Pagioabisiito
BBaxkaau €(GEKTUBHOK MNPMU BiACYTHOCTI CLIMHTHUI-
padiunmnx o3Hak 3TLL3 3a Bech 11eit TIepio.

direction. Values of FAD can give possibility to
predicative of results of the following RIT of
metastases, because tumour may inherit the
radioresistance of the normal tissue.

The FAD 300 Gy was proposed as the dose
threshold for complete RTT radioablation [1, 2].
This value was used widely for calculation the
ablative activities of iodine-131 on base the FAD
occurring at the diagnostic scintigraphy before
RIT administration. But FAD 300 Gy did not
always give the complete RTT radioablation, as
partial effect can be registered even at FAD
700—1300 Gy [2, 3]. At the same time it was
showed that the high frequency of complete RTT
radioablation may be registered at significantly
lower FAD, namely 40—150 Gy [4—6]. With the
indefinites of values of FAD which are necessary
for complete devitalization of RTT, in this work
the short account of the results of prolonged stud-
ies devoted dose relationship during radioablation
of RTT was given.

OBJECTIVE

To study relationship between the FAD in RTT at
RIT in patients with DTC and efficacy of the
radioablation reflected the radioresistance of thy-
roid tissue.

MATERIALS AND METHODS

Results of determinations of FAD in RTT after
RIT in 221 patients with DTC aged 25—74 years
(40 males, 181 females) were analyzed. All patients
had complex treatment including thyroidectomy,
RIT, and suppressive hormone therapy. Diagnostic
scintigraphy with 70—80 MBq was made patients
following 4—6 weeks after thyroidectomy. Based
on the results of scintigraphy the radioablations of
RTT with calculated or empirical activities ranged
1.8—4.8 GBq were executed.

On forth day after administration of therapeutic
radioiodine the suppressive hormone therapy with
L-thyroxin was prescribed, the efficacy of which
was assayed according to the serum thyroid-stimu-
lating hormone (TSH) levels. It was considered
adequate if TSH level after 3 months was not more
than 0.1 ng/ml.

Control scintigraphies and determinations of
level of the thyroglobulin (TG) were made after
each 6 month during first 1.5—2 years. RA was con-
sidered effective when the scintigraphic features of
RTT were not determined at this time.
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CumHturpadiyHi OCTIIKEHHS BUKOHYBaJIM Ha raM-
ma-kamepi «MB 9200» («Gamma», YropuuHa),
MOETHAHIN 3 KOMIT I0TEPHO-CIIMHTUTPA]PIYHOIO CUCTEe-
Moto «Microsegams 9201», i 1BOIETEKTOPHOMY OJTHO(DO-
TOHHOMY eMiciifHOMy KoMIT'toTepHOMY ToMorpadi «E.
CAM 180» 3 mporpaMmHuM 3abe3nedeHHsIM «Syngo 2.0»
(«Siemens Medical Solutions, Inc.», CIIIA).

OITJ B 3TIL3 BM3HAYaIM 3TiZHO 3 PEKOMEHIALlISIMU
Komitety 3 MeIMUYHUX BHYTPIIIHIX pafiallifHUX 103 3a
dopmynoro (1) [7,8]:

Scintigraphic investigations were executed on
gamma camera «MB 9200» («Gamma», Hungary)
combined with a computer scintigraphic system
«Microsegams 9201», and a two-detector single-
photon emission computer tomograph unit «E.
SAM 180» with software «Syngo 2.0» («Siemens
Medical Solutions, Inc.», USA).

FAD in RTT were determined according to rec-
ommendations of Committee of Medical Internal
Radiation Doses using formula (1) [7, 8]:

0,1187 | At 1

ther =

e Dyer — OIJI micnss PUT, Ip;
jA(,)dt — i”Terpan aktuBHOCTI B misHui 3TIL3,
MBbx x ron.;
m — Maca 3TII3, .

IHTerpan akTMBHOCTI PO3paXOBYBAIM SIK TUIOLLY ITi[T
KpUBOIO aKTUBHICTh-4ac. CMHTUTpadIl 1)1 BUBHAYCHHS
BEJIMYMH aKTMBHOCTEH B NUITHKAX rinepdikcarlii iomy-
131 mpoBOAMIY LIOAHS, MTOYMHAKOYHU 3 APYTOi OO TTiC/Ist
npuiiomy P®II, npotsrom 6—7 mi6. st ekcrpamossiii
JJaHUX BU3HAYaJIW Mepiod HamiBBUBEIECHHSI Ha JiISHII
KPHWBOI aKTUBHICTh-4ac MiXK BUMipIOBaHHIMM 3a 31 6 11i0
MicJs TpUIiOMY JIIKyBaJIbHUX aKTUBHOCTeH. IToOymoBy
KPUBHUX i pO3paxyHOK iHTerpajly akTUBHOCTi BUKOHYBAJIU
3a TOIoMororo nakety rporpam «CurveExpert 1.34».

s BuU3HAUEGHHSI BEJIWYMH aKTUBHOCTI B IIISTHKAX
MiABUILIEHOI0 HAKOMMYEHHS ioay-131 BuMiproBaiu pa-
XYHOK iMITyJIbCiB 3a 1 XBUJIMHY, 110 cTBOpIoBaBcs 37 Kbk
omy-131 y daHTOMI IIUTOMOAIOHOT 3271031 Ha (PiKCO-
BaHilt Bimctani (17,5 cM) mpum TUX Xe TapaMmeTpax
peecTpallii, 10 ¥ MpyU BUKOHAHHI CLIUHTUTpadii y XBO-
pux (mapajieJIbHUIA KojJiMaTop, HAcTpoiika Ha (hOTOMiK
364 keB, mupuHa BikHa guckpuminauii £15 %).

Macy TkaHuHM ocepeakiB rinepdikcarii POIT BuzHa-
yaJii BUXOASIUM 3 00’eMy PO3IOIiNy pamaioilony, BU3HA-
YEHOro 3a JaHUMU cuuHTUrpadii. [luTtoMy Macy TKaHu-
HU IIpY LIbOMY IIpuiiManu piBHow0 1 r/cMm?. Jljist po3pa-
XYHKY 00’eMy Oysia TIpUIAHSTA eJIICcoigHa MOJEb:

ne V—o6’em 3THI3, cm?;
a, b, c — niameTpu enimncoina.

JIiHiiiHi po3Mipu AiaMeTpiB ejincoifiB BU3HAYaAIM 3a
JIOTIOMOTOI0 Binciuku (oHy. BeanumHy piBHS Bimciuku
¢oHy y BiIcOTKAaX BiJl MAKCUMAaJIbHOTO paxXyHKY B HiIsTH-
ui 3TII3 Bu3Hava M NUIsIXOM (haHTOMHUX BUMipIOBaHb,
BOHa ckjaajgaja npu MakcumyMi go 100 iMIysib-
ci/mikcenb 35 %, suiie 100 immynbciB/mikcenb — 40 %.

where Duer is FAD after RIT, Gy;
JA(,)dt — integral of activity in the RTT
portion, MBq x h;
m — mass of RTT, g.

The integral of activity was calculated as square
under the activity-time curve. Scintigraphies for
determination activity in the RTT were executed
daily, beginning at second day after administration of
radioiodine during 6—7 days. For extrapolation of
data the time of half excretion was determined in the
segment of curve activity-time between third and
sixth days. Building of the activity-time curve and
calculation of the integral of activity were made with
using of packet of programs «CurveExpert 1.34».

For determination of the RTT activities in the
portions of increased iodine-131 accumulation the
phantom of thyroid gland was used. The count
from 37 kBq of iodine-131 for I minute was meas-
ured on fixed distance (17.5 cm) and at the same
parameters of acquisition as at the scintigraphy
(parallel collimator, photopeak 364 keV, window
of discrimination + 15 %).

The mass of RTT was determined proceed from
the value of radioiodine distribution determined at
the scintigraphy. Specific weight of thyroid tissue
was accepted 1 g/cm?. For calculation of the value
of RTT was used ellipsoid mode (2):

6

where Vis the RTT volume, cm?;
a, b, c are the diameters of ellipsoid.

Linear sizes of diameters were determined using
of cutting background. The value of cutting in per-
cents from maximal count in RTT was determined
using phantom measuring. It consisted 35 % at
maximum till 100 counts/pixel, 40 % at 100
counts/pixel and more.
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CratucTuuHy 00pOOKY JaHUX TTPOBOIMIIN 32 JOITOMOTOIO
MmakeTiB mporpaM «Statistica 6.0», «SPSS 8.0 for Windows».

PE3VIJIBTATU TA OBTOBOPEHHA

Cepenna OITJI y minsukax 3TI3 cknagana (125,9 * 8,6)
Ip, BeMMIMHM CTBOPIOBAHMX IOINIMHYTHX 103 KOJBAJIUChH
Bix 1,8 mo 1373,4 Ip. IlosutuBHMIT e(EeKT ITiCIs TIePIIoTo
kypcy PUT 6yB otpumanuii y 77,4 % XBOpHIX, HOCSTHYTA
noBHa aoysuis 78 % yeix ainsgHok 3TIL3.

Cepennga OIIJl B cnocTepekeHHSX 3 MOBHOIO paaioad-
nguiero cknagana (147,0 + 13,3) Ip. Y Bumagkax HETTOBHOL
pamioa6usiuii micnst nepuoro kypey PUT cepennst OTT/L
cknagana (66,5 = 11,4) Ip. Pisuuuga mix cepennimu OIT/
MpH MOBHIK pangioadsuii i mpu Hee(eKTUBHOMY MeEpIIO-
My Kypci PUT 6yna nocrosipHoo (p < 0,001). TakuM um-
HoM, BeanunHau OI1/] B mingukax 3TII3 npu pagioiiono-
Teparii XapaKTepH3yloTbCcsl 3HAYHMMU KOJMBAHHSIMU i
MOXKYTb BiIpi3HATHCS HA TPU IOPSIKU, 110 MOXKE ITOSIC-
HIOBAaTUCh Pi3HMM aHATOMO-(YHKIIOHAJbHUM CTaHOM
TKAaHWUHM IIUTONOAIOHOI 3aJ103M, sKa HaKOMUUYyeE Mo,
IiCJIS XipypTiYHUX BTpy4YaHb Ta il pagiope3uCTEHTHICTIO.

Hns BusHayeHHs1 BruiuBy OITJI Ha epeKTUBHICTb NepIol
pamioa6sii Bei mistaku 3TII3 3anexxHo Bin OIN B Hux
Oynu po3nonineHi Ha BicimM rpyt (Tabmuus 1). Mix cepenHi-
mu OIN/I B rpynax i yactororo rmoBHoi pamioad:suii 3TI3
BUSIBJIEHA CUJIbHA JOCTOBipHa Kopensauis (r = 0,822,
p < 0,01). icraBmenns OIN B minstnkax 3TLL3 3 pe3ynbra-
TaMU TIEPILIOro Kypcy paaioadisiiiii mokasajo, 110 e(heKTUB-
Hicte PUT nocriiiHo 36inbiryBanack 3 68,2 10 93,7 % npu
3poctanHi cepeaHix OITI ¢ 30 no 370 Ip. [Moganbiie 30i1b-
mreHHs OI1/] He TIpUBOIMIIO OO CKiTBKM-HEOYIbh 3HAYHOTO
MiABUIIEHHST €(PeKTUBHOCTI pamioaldisiiii: Mpu 3pocTaHHi
cepennboi OITJI 3 370 mo 776 Ip yacrora MOBHOI paaioad-
JIsLil 30ibLMIach Tiibky Ha 0,4 %. OtprMani JaHHiI BKasy-
I0Th Ha iCHYBaHHSI BEpXHBOI'O JO30BOIO ITOPOry s eheK-
TuBHOCTI pagioadsawii 3TII3 B giarmazoni 350—400 Ip.

Statistic data analysis was executed using software
packages «Statistica 6.0», «SPSS 8.0 for Windows».

RESULTS AND DISCUSSION

Mean FAD in RTT portions was consisted
(125.9 = 8.6) Gy with 1.8—1373.4 Gy range of
the absorbed doses. Positive effect after first RIT
was achieved in 77.4 % of patients and complete
radioablation was achieved in 78 % of RTT.

Mean FAD in cases with complete radioabla-
tion was (147.0 = 13.3) Gy. In cases with the par-
tial radioablation mean FAD in RTT was consist-
ed (66.5 £ 11.4) Gy. The difference between mean
FAD in cases with complete and ineffective radio-
ablation after first RIT was significant (p < 0.001).
Thus, the values of RTT are characterized with
great range and may differ in three orders. This
can be explained by different anatomical and
functional condition of the iodine positive thy-
roid tissue after surgical operation and its high
radioresistance.

For determination relationship between FAD
and efficacy of first radioablation all RTT were
divided on 8 groups depending on FAD (Table 1).
Between the mean FAD in groups and efficacy of
radioablation the significant strong positive cor-
relation was found (r = 0.822, p < 0.01). The effi-
cacy of RIT increased constantly from 68.2 to
93.7 % with increasing mean FAD from 30 to 370
Gy. Feather enlarging of FAD did not lead to any
significant increasing of efficacy of RIT: enlarging
mean FAD from 370 to 776 Gy increased fre-
quency of complete radioablation on 0.4 % only.
These data show on the existence of the upper
dose threshold for efficacy of radioablation of
RTT in range 350—400 Gy.

Ta6bnuuysa 1

EdbexTuBHicTb nepworo kypcy PUT 3anexHo Big Bennuunn ONJ 8 3TLU3

Table 1

Efficacy of first radioablation depending from FAD in RTT

MokasHuku Fpyna / Groups

Groups 1 2 3 4 5 6 7 8
ong, rp 0-19,9 20-39,9 40-59,9 60-99,9  100-199,9 200-299,9 300-499,9 >500
FAD, Gy

Kinbkictb ginsHok 3TLL3 7 44 35 52 59 27 32 17
Amount of parts of RTT

Cepenns ONA, Mp (M £ m) 10,1 £0,5 29,707 498+09 79515 1428+4,0 2465+58 370,3+8,3 776,2+67,3
Mean FAD, Gy (M + m)

Yacrota nosHoi pagioabnsuii 3TLL3, % 73,7 68,2 A 78,8 83,0 88,0 93,7 94,1

Frequency of complete radioablation, %
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B Toi1 ke yac BUsiBJIeHa BiZHOCHO BUCOKA €(heKTUBHICThb
pamioabsii 3TII3 B rpymi 3 HUBbKUMU CEPEAHIMU Be-
mmamHamu OIT/1 — (10,1 £0,5) Ip. B wiit rpymi piBeHb Ha-
KonuyeHHs ony-131 3a 24 ronynu nicist npuitomy POIT
B cepenHbomy ckiagas (0,1 £ 0,02) %, 06’emy po3moainy
3THI3 — (2,5 £ 0,2) cM?, muTOMAa aKTUBHICTh B TiSHIIL
3TII3 3a 24 roqunu — (1,25 £ 0,1) Mbk/c™m?, 110 BKa3ye
Ha HeBeJMKi 00’eMU 3aJIMIIIKOBOI TKAHWHMU, ii HEBUCOKY
IJTbHICTh Ta HU3BKY (DYHKITIOHAIBHY aKTUBHICTh. OCKilb-
KM B OiIBLIOCTI BUMAAKIB MiCJISl paAuKalbHOI TUPEOIAEK-
tomii mingakm 3TILL3 mpencraBieHi HOpMaJIbHOIO TH-
peoiTHOI0 TKAHMHOIO, BUCOKY YacTOTy MOBHMX pazioad-
JISILiHA MOXKHA MOSICHUTHU alloNTO30M TUPOLIMTIB B yMOBaX
NOPYLICHHSI HOPMaJbHUX aHaToOMO-(i3i0N0riyHuX Bif-
HOILIEHb TTiC/Is1 XipypriYyHOro BTPYYaHHS Ta CYIPECUBHOI
ropMoHoTeparnii. BHyTpillHbOKJTITUHHE ONPOMiHEHHS B
JI03i JIeKilibKa Tpeil Moxe OyTH JOJaTKOBUM (haKTOpPOM,
110 CTUMYJI0€ anonto3. OTpuMaHi JaHi MiAKpPeCI0l0Th
HeOoOXiIHICTh BU3HAYCHHS KiTbKiICHUX CHUHTUTPApITHIX
KpUTEPiiB U1 TIpU3HAYEHHS JIiIKYBaJIbHUX aKTUBHOCTEM
npu 3THI3 Manoro 06’eMy 3 HU3bKUM piBHEM HAKOITM-
YeHHSI pafioiiony.

IMpu npoBeneHHi MoBTOpHUX KypciB PUT mormuHyTi
no3u B ginsgHkax 3TII3, gk mpaBuio, 3HUXKYBAJINUCh Bil
Kypcy K Kypcy. B rpymi 3 24 xBopux, siKi OTpUMYBaJIA ITOB-
TopHi kypci PUT, cepennst OITJ] micast meprioro Kypcy
ckagana (134,2 & 33,6) Ip, micis npyroro — (17,1 = 3,9) Ip,
nicast TpeThoro Kypey v 13 manientis — (11,6 £ 3,6) Ip.
Piznuis 6yna ngoctoBipHowo Mixx OIT micist mepiioro i
npyroro kypciB (p < 0,01) i He Oyna cyrreBoo Mixk OTT
micist gpyroro Ta Tpetboro KypciB. OIN micis apyroro i
TPeThOTO KypciB no BigHomeHHo 1o OI/I micas nepiio-
ro Kypcy Oy 3HMKeHi B cepeanbomy Ha (78,0 £ 6,7) % i
(93,1 £ 2,4) %, BignmoBigHo. TakuM YMHOM, IIPU MPOBE-
nenHi npyroro kypcy PUT BiaMiuanoch pi3ke 3MEHILEHHS
BeMuMH cTBoptoBaHux OI1/l, 1110 3yMOBIIOBaJIOCH 3HAY-
HUM 3HIVDKEHHSIM MOKAa3HUKIB (hapMaKOKiHETUKU pajio-
omy: 3MeHIIIeHHsIM piBHIB HakonmyeHHsT PPII i ckopo-
YEeHHSIM TIepioy HaITiBBUBeACHHS. 3MiHM KiHETUKM, OUe-
BUJIHO, CIPUUMHSUIMCH SIK 3HMKEHHAM (DYyHKIIOHAJIbHOI
AKTUBHOCTI TUPOLIMTIB, TaK i PO3BUTKOM CKJIEPO3Y, OPY-
IIeHHIM MikpouupKyasauii B mapenximi 3TIIL3. Bipo-
TiTHO, YaCcTKOBA a0JIALis MOXe TPU3BOIUTH 10 (HOpMY-
BaHHS KJIOHIB OiIbII pagiope3ucTeHTHUX KJIITUH, SKi 3y-
MOBJIIOIOTh HUKUY e(DeKTUBHICTh HACTYTHUX KypciB PUT,

Ipu Bizyanizawii 3TI3 micis 2—3 xypcis PUT Baxko
IndepeHIiioBaTh pamgiope3ncTeHTHY HOPMaTbHY TKaHU-
HY, 1110 30epiraeTbcs, i MPOAOBXKEeHUI picT myxJIMHU. OT-
Ke, ONTUMAaJIbHUM € AOCSTHEHHSI MOBHOI pamioadisiii
TUPEOITHOTO 3aJIMILKY 3a Tepiuit Kypc PUT.

At the same time it was registered relatively
high efficacy of radioablation in group of patients
with low mean value of FAD — (10.1 = 0.5) Gy.
In this group the mean accumulation of iodine-
131 after 24 hours was (0.1 £ 0.02) %, volume of
RTT — (2.5 £ 0.2) cm’, specific activity in RTT
after 24 hours — (1.25 £ 0.1) MBg/cm?, which
showed on small volumes of thyroid remnants, its
low density and functional activity. As in most
cases after thyroidectomy RTT is represented by
the normal thyroid tissue, the high frequency of
complete radioablation may be explained by the
apoptosis of thyrocytes in condition of breaking
normal anatomical and functional relations after
surgical and suppressive hormonal treatment.
Intracellular radiation by doses in several greys
may be the additional factor that stimulates the
apoptosis. These data show the necessity of deter-
mination of quantitative scintigraphic criteria for
administration of treatment activity for radioab-
lation of RTT with the small volume and low
radioiodine accumulation.

At repeated RIT the FAD in RTT decreased after
each course, as rule. In group of 24 patients, who
had received the repeated courses of RIT, mean
FAD after first RIT consisted (134.2 £ 33.6) Gy,
after second — (17.1 = 3.9) Gy, after third in 13
patients — (11.6 £ 3.6) Gy. The difference was
significant between FAD after first and second
RIT (p < 0.01) and was not significant between
FAD after second and third RIT. FAD after sec-
ond and third RIT were decreased relative the
first one on (78.0 £ 6.7) % and (93.1 + 2.4) %,
respectively. The decreasing of FAD after second
RIT was determined by significant decreasing of
indices of radioiodine pharmacokinetics: de-
creasing of the radioiodine accumulation and
shortening of the excretion time. Obviously, these
changes were conditioned by both decreasing of
functional activity of thyrocytes and sclerosis,
changes of microcirculation in thyroid pa-
renchyma. Possibly, that partial radioablation can
lead to forming of clones of more radioresistance
cells, which cause reduced efficacy of repeated
RIT.

If RTT is registered at scintigraphy after 2—3
RIT, it is difficult to differentiate the residual
radioresistant normal thyroid tissue and the pro-
longation of tumor process. Thus, complete
radioablation must be achieved at the first RIT.
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3acTocyBaHHS PO3PaXyHKOBUX aKTUBHOCTEM TS pafio-
a6nauii 3THI3 103BoJsIE MiABUIIUATUA €(PEKTUBHICTD Iep-
tmoro Kypey PYT i yHUKHYTH HEBUIPABIAHOTO TPOMEHE-
BOTO HaBaHTaXkKeHHs Ha mauieHTiB. [1pu 3acTocyBaHHi aK-
TUBHOCTEM, po3paxoBaHux 3a MeTogoM H.R. Maxon, ros-
Ha pamioaossuist 3TLI3 crioctepiranace y 81,0—82,4 %
xBopux iy 86,0 % miSTHOK 3aJIMIIKOBOI TKaHUHMU [1, 2].
Heedektusricts nepioro kypcy PUT 3ymosmoBanach
SIK HEJOCTaTHbOIO KOMIIEHCalli€lo e(eKTiB TUPEOiTHOIO
CTaHiHTy i ceyiCTaHiHry, TaK i BHUCOKOIO paaiope3uc-
TEHTHICTIO THUPOIMTIB. 3aCTOCYBAaHHS METOAWKU pO3pa-
XyYHKY aOJISTUBHUX aKTUBHOCTEM, 1[0 BpPaxOBYE SIBUIIA
TUPEOITHOTO CTAHIHTY i ceCTaHiHTYy, JO3BOJIWIIO ITiIBU-
WUTH edeKTUBHICTh Tepioro kypey no 94,2 % [9].
BigcyTHicTh MOBHOI a0JsILil B LIMX BUIAAKaX, OUeBUIHO,
3yMOBJIIOBajach, TOJOBHUM YMHOM, BUCOKOpPaIiope3uc-
TEHTHUMHU (DOpMaMM TUPEOIAHOI TKAaHWHMU, SIKi CKJIagain
puoIn3HO 6 % .

s Bu3HaueHHs 3B°s3Ky MixX OIIJI i edpekTUBHICTIO
pamioalusuii mpoaHajizoBaHi maHi 161 XxBoporo Ha
JPHIXK y Bitti 25—74 pokiB (132 xiHku, 29 4OJIOBIKiB) 3
249 ningnkamu 3THI3 (rpynu 2—7 B TaOAMLLi).

Mix cepemnimu OITJI B rpymax xBopux 2—7 i edek-
TUBHicTIO pamioadmsuii 3TIL3 BctaHOBIeHAa HAsIBHICTD
JOCTOBIpHOI CUJIbHOI MO3UTUBHOI Kopesauii (r = 0,94,
p<0,01).

3a J0ImoMOTroI0 perpeciitHoro aHai3y (ImakeT mporpam
«CurveExpert 1.34») BU3HAUEGHO XapakTep 3aJeXXHOCTI
epexTuBHOCTI panmioadnasuii 3TII3 Bin OIT (3), sakuii
MaB BUJ crenieHeBoi PyHKiii (r = 0,9989):

The using calculated activities could to increase
the efficacy of the first RIT and avoid unjustified
radiation doses for patients. When therapeutic
activities were calculated according method pro-
posed by H.R. Maxon complete radioablation was
registered in 81.0—82.4 % of patients and in 86.0 %
of parts of RTT [1, 2]. Both insufficient compen-
sation of the effects of thyroid stunning and selfs-
tunning and the high radioresistance of thyroid tis-
sue may explain the failure of first RIT. Using for
calculation of ablative activities the method, which
take into account the thyroid stunning and selfstun-
ning, permitted to increase the efficacy of the first
radioablation till 94.2 % [9]. Obviously, at first the
failure of RIT in these cases was caused by the high
radioresistant types of the thyroid tissue, which
consist near 6 %.

For determination relationship between FAD
and efficacy of radioablation data of investigation
of 161 patients aged 25—74 years (132 female, 29
male) with 249 parts of RTT were analyzed
(groups 2—7 in the Table).

Between the mean FAD and efficacy of radioab-
lation in groups 2—7 the significant strong positive
correlation was found (r = 0.94, p < 0.01).

Using regression analysis (packet of programs
«CurveExpert 1.34») it was determined the charac-
ter of relationship between efficacy of the first
radioablation and FAD in RTT, which had a form
of the power function (r = 0.9989):

154,9 DO.257

ne FE — edextuBHicTh nepinoi pagioabmsauii 3TLI3, %;
D — OINJ B minsguui 3TIL3, Ip.

BignosigHo 10 1i€i opmMynn e(eKTUBHICTh MEPIIOTO
Kypcey pamioa6nsanii 3THI3 ckmamae nipu 40 Ip 72,8 %,
150 Tp — 84,9 %, 300 Ip — 91,2 %, 400 Ip — 93,7 %,
500 Ip — 95,7 %, 800 Ip — 99,7 %. Takum YMHOM, OTpU-
MaHi JaHi MeBHOIO MipOI0 MOSICHSIOTh TOCTaTHHO BUCO-
Ky edekTuBHicTh pamioadmsauii 3THI3 mpu OIT Huzkye
150 Ip [4—6]. HeobOximHO BigMiTUTH, IO Ha edeK-
TuBHICTL pamioadmanii 3TLL3, ska BU3HAYaETHCSI TIPU
KOHTPOJbHUX cHUHTUrpadisix, okpim BeauunHu OIIJ
BIUIMBAIOTh PaliOpPe3UCTEHTHICTh TUPEOIAHOI TKAHUHU,
il Maca Ta aIeKBaTHICTb CYIPECHMBHOI TOpMOHOTEpanii.
ITpu maniit Maci i HU3bKiii (PYHKILIOHAJIbHili aKTMBHOCTI
TUPEOIAHOT TKAHWHU BiMOBigHA CyTTpeCMBHA TOPMOHO-
Teparrisi MOXe MIPU3BECTH OO0 3HUKHEHHS CLIMHTUIpA-
¢ivHO1 Bizyasizallii 3aJIMIIKOBOI TKAHUHU 0€3 MpoBe-
JIeHHs pamioadmaii [10].

27 + D0.237 3)

where F is the efficacy of first RA of RTT, %;
D — FAD in the part of RTT, Gy.

In accordance with this formula the efficacy of fist
RA of RTT consists at 40 Gy 72.8 %, 150 Gy —
84.9 %, 300 Gy — 91.2 %, 400 Gy — 93.7 %,
500 Gy — 95.7 %, 800 Gy — 99.7 %. Thus, these
data in certain measure, explains sufficiently high
efficacy of RA at the FAD significantly lower than
300 Gy, which was described in some works [4—6].
However, it is necessarily to note that the efficacy
of radioablation, which determined at control
scintigraphy, beside FAD, depend on the mass and
the radioresistance of thyroid tissue and the cor-
rect suppressive hormone therapy. If the RTT has
a small mass and low functional activity, adequate
suppressive hormone therapy can lead to disap-
pearance of scintigraphic visualization of RTT
without RA [10].
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CrocTepekeHHsI 3 HEIMOBHOIO DPaaioalsielo Mpu
OIN 6inbie 300 Ip BKazyoTh HA iCHyBaHHS paaiope-
3UCTEHTHOI TUPEOIIHOI TKAHUHU, TPU LIbOMY BUMAAKHU 3
HeedeKTUBHOIO Tiepiol pagioadsnsuiero npu OII
oinbiie 400 Ip ckinamaioth 61au3bKO 6 %. B rpymi 3 14
xBopux 3 OINJI 6inbure 500 I'p 3apeecTpoBaHO OAUH BU-
nanox (0,45 % Bix 3arajJbHOI KiJIbKOCTI ITALIiEHTIB) 3 He-
MOBHOIO Iepliolo panaioadsiieto mpu OI 819,2 Ip.

Peectpauis cnocrepexeHs 3 OIT 6inbiie 500 Ip omo-
CepeKOBAaHO BKa3ye€ Ha BHUCOKY pPaliOpe3MCTEHTHICTh
3THI3, ockiabkn e(eKT TUPEOITHOTO ceXMCTaHIHTY —
3HMKEHHST (DYHKIIOHAJIBbHOI aKTUBHOCTI TUPOLIUTIB 3a
paxyHok OII/, 1110 CTBOPIOIOThCS B IEPILi TOAVHMU i 10-
Ou micyast npuitoMy JiKyBaJIbHUX aKTUBHOCTEN paaioito-
Iy — MOKe CYTTEBO 00MexuTu HakonndeHHs PDOII. Bu-
COKi piBHi HaKOIMYeHHs panioiioay i, BiAMOBiIHO,
OIlJ, MOXMWBiI TUTBKM MpU MiHiIMadbHOMY BILIWBI
eeKTy TUPEOiAHOTO CeA(PCTaHIHTY Y 3B’ 13Ky 3 BUCOKOIO
pamiope3nctenTHicTio 3TIHI3 [11].

BUCHOBKHA

Besmunnn OT1/] B 3TI3 npu PUT xapakTepu3yloThes
3HAYHUMMU KOJUBAHHSIMU 1 MOXKYTb BiIpi3HSITUCS HA TPU
MOPSIAKKU, 110 MOXE ITOSICHIOBAaTUCh Pi3HUMM aHaTOMO-
(byHKIIOHATBHUM CTAaHOM THUPEOITHOI TKAHWUHM MiCIs
XipypriyuHMX BTpy4YaHb Ta il padioOpe3UCTEHTHICTIO.
EdexTuBHICTS pamioadmsiii 30iIbIIYETHCS 3 MiTBUIICH-
HaMm OITJI. 1lg 3anexkHicTh € HeJliHIAHOIO i Ma€ BUIJIS,
creneHeBol GyHKii. s eeKTMBHOCTI pamioadsiil
3THI3 icHye BepxHiii M030BUII MOpir y aiana3oHi
350—400 Ip. YacToTra TMpeOigHOI TKAHWUHU 3 BHCOKOIO
Pamiope3UCTEHTHICTIO CKJIana€e npuoan3Ho 6 %.
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Cases with incomplete radioablation of RTT at
FAD more than 300 Gy point out the existence the
radioresistant thyroid tissue; the cases with the
incomplete first radioablation consist approxi-
mately 6 % of patients. In the group from 14
patients with FAD more than 500 Gy one case
(0.45 % from all patients) with partial first radioab-
lation at FAD 819.2 Gy was registered.

Registration of the cases with FAD more than 500
Gy indicates indirectly on the high radioresistance
of RTT, as the effect of thyroid selfstunning (the
decreasing of the functional activity of thyrocytes as
results of FAD, occurring in first hours and days
after an administration of the therapeutic activity)
can reduce significantly the accumulation of iodine-
131. High levels of the accumulation of radioiodine
and high FAD, respectively, are possible only when
the effect of thyroid selfstunning is minimal as result
of the high radioresistance of RTT [11].

CONCLUSIONS

FAD in RTT at RIT differ in the large range, this
can be explained by different anatomical and func-
tional condition of the iodine accumulate thyroid
tissue after surgical treatment and its radioresis-
tance. Efficacy of RA increases with enlarging of
FAD, this relationship is non-linear and has a
form of power function. FAD more than 300 Gy
lead to the efficacy of RA in more than 90 % cases.
Efficacy of RA has the upper dose threshold in
range 350—400 Gy. The frequency of thyroid tissue
with high radioresistance is approximately 6 %.
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