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IEPEBIT XPOHIYHOI MIEJIOITHOI JIEMKEMII Y OCIB, AKI
3A3HAJIU JII IOHI3YIOUYOT'O BUITPOMIHIOBAHHS BHACJIJIOK
YOPHOBUJIbCBLKOI ABAPII

MeTa: HagaTi xapakTepucTuKy 0cobnmBocTaM nepebiry XpoHiuHoi MienoigHoi neiikemii (XMJ1) Ta Bignosiai Ha niky-
BaHHA cepej ONpoMiHeHUX BHACNiAOK aBapii Ha YopHoOunbCbKil aTomHil enektpocTtaHuii (YAEC) nauieHTiB Ha oc-
HOBi OLiHKM KNiHiKO-1abopaToOpHUX Ta KNiHIYHUX NapaMeTpiB.
Marepianu i metopgu. O6¢cTexeHo 33 ocobu i3 XMJI, siki 3a3Hanu [ii i0Hi3y040ro BUNPOMiHIOBaHHA BHACTifOK aBapii
Ha YAEC. lpyny nopiBHsAHHA cknanu 725 nauienTis i3 XMJ1 6e3 pagialiiiHoro aHamHesy. Yci nauieHTn 3Haxoamnucs B
XPOHiYHil ha3i 3axBoptoBaHHA. BuKopucToBYBanu KNiHiKO-reMatoNoriyHi Ta MoNeKynsapHO-reHeTUYHi MeToaun Ao-
CNiIXKEHHS.
Pe3ynbratu. lauyieHTn, sKi 3a3Hanu BNAWMBY pagiauiiHOro BUMPOMiHIOBAHHS, He BifpPi3HANMCH 0COBIMBOCTAMM
maHicecTauii XMJ1, nopiBHAHO 3 nallieHTamu 6e3 paaialiliHOro aHamHesy, NpoTe AN HUX BU3HAYaNacs HU3bKa edek-
TUBHICTb [0 Tepanii iMmaTuHiOOM. Y rpyni yyacHuKiB NikBigauii Hacnigkie aBapii Ha YAEC cTaTucTMyHO 3Hauylle nepe-
Ba)XXaNu BUMALKM PO3BUTKY NEPBUHHOT PE3UCTEHTHOCTI, NOPIBHAHO 3 FPYNOI0 XUTENIB pafialinHo 3abpyAHEHNX TepU-
TOPi Ta rpynot NopiBHAHHA. BusBneHo CTaTUCTMYHO 3HAYYLLE NiABULLEHHSA YACTOTW BTPATU JOCATHYTOT NOBHOT LUTO-
reHeTUYHOT BiANoBiai Ha Tepanito iMaTMHIOOM Y NaLiEHTIB, AKi OyNKu eBaKyiioBaHi abo NPOXWBANM Ha padialiiHo KOH-
TaMiHOBAaHMX TEPUTOPisX, NOPiBHAHO 3 NalieHTamu 6e3 papiauiiiHoro aHamHe3y. Bu3HayeHo acouiaTUBHMIA 3B'A30K
MiX BNAMBOM pajiauiliHoro gakTopy Ta BiporigHicTio BTpaTW JOCATHYTOT NOBHOT LMTOTreHETUYHOT BifnoBiai Ha Te-
panito iMaTMHI6OM B il rpyni naLieHTiB.
BucHoBKuM. HasBHicTb pagiauiiiHoro onpomiHeHHs B aHaMHe3i HaBiTb 3a 6arato pokis fo AebioTy XMJ1, € HecnpuaT-
NIMBUM CepefoBULHUM PAKTOPOM, AKMI 0OYMOB/IIOE PO3BUTOK PE3UCTEHTHOCTI 40 Tepanii iMaTuHi6oM.
KniouoBi cnoBa: xpoHiyHa MienoigHa NneilkemMis, i0Hi3ytoue BUNPOMiHIOBAHHSA, iHIGITOpPM TMPO3UMHKiHA3W, BiANOBiAb
Ha NiKYBaHHSA.
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CHRONIC MYELOID LEUKEMIA COURSE IN PERSONS EXPOSED
TO IONIZING RADIATION AS A RESULT OF THE CHORNOBYL
ACCIDENT

Objective. Describe and characterize the peculiarities of the chronic myeloid leukemia (CML) course and response
to treatment in patients irradiated as a result of the Chornobyl nuclear power plant (ChNPP) accident based on the
assessment of clinical-laboratory and clinical parameters.

Materials and methods. The CML patients (n = 33) exposed to ionizing radiation as a result of the ChNPP accident
were enrolled. The comparison group consisted of CML patients (n = 725) with no history of radiation exposure. All
patients were in the chronic phase of the disease. Clinical, hematological and molecular genetic research methods
were applied.

Results. Patients exposed to ionizing radiation as a result of the ChNPP accident had no differences in CML mani-
festation, as well as in classical genetic markers at the onset of the disease compared with patients with no history
of radiation exposure. Reduction of tumor clone on imatinib therapy was significantly less effective in the patients
exposed to ionizing radiation than in cases of no history of radiation exposure. Cases of primary resistance were sta-
tistically significantly prevalent in the ChNPP accident consequences clean-up workers while in the residents of
radiologically contaminated areas a statistically significant increase in probability of loss of complete cytogenetic
response (development of secondary resistance) to imatinib therapy was found. An association was found between
the radiation exposure and probability of loss of complete cytogenetic response to imatinib therapy in this group of
patients.

Conclusion. The radiation exposure in the history even many years before the onset of CML is an unfavorable exoge-

nous factor responsible for the development of resistance to imatinib therapy.
Key words: chronic myeloid leukemia, ionizing radiation, tyrosine kinase inhibitors, response to treatment.
Problems of Radiation Medicine and Radiobiology. 2020;25:443-455. doi: 10.33145/2304-8336-2020-25-443-45

BCTYII

Y nonepeaHix poboTtax O0yJj10 MoKa3zaHO, 110 pajialiiiHi
Ta HepamialliliHi YMHHUKKW TOBKILIS BIUIMBAIOTh HA PO3-
BUTOK 3MiH B TeMOITI0€3i Ta 0COOIMBOCTI Iepediry 3axBo-
proBaHb ccTeMu KpoBi [1—3]. KirituaM remortoe3y BBa-
KAIOTbCSl KPUTUUYHUMM TIOMYISLISIMU [JIST il i0Hi3y10-
YOro BUIIPOMiHIOBaHHSI, TOMY JOCJIiIKEHHs 3aXBOpPIO-
BaHb KPOBOTBOPHOI CUCTEMHU Yy OCi0, SIKi 3a3HAJIU BILJIU-
BY 10Hi3yI0UOro BUITPOMIiHIOBaHHS, IMPeICTaBIsSIE 0CO0-
JuBUit iHTepec. JlaHi MpPOBEAEHOro CIIUJILHOIO MiXHa-
POIHOTO JOCiIKeHHs Mixk HallioHaTbHUM iHCTUTYTOM
paky (CIIA) i HauioHalbHMM HAyKOBUM LIEHTPOM
pamiamiitHoi MemunuHU (YKpaiHa) IMOKa3ajad, IO OIl-
pOMiHEHHSI YYaCHUKIB JiKBigalil HacJiakKiB aBapil y
HU3bKUX 033X, SIKi xapakTepHi 111 YopHOOUIbCHKOI
apapii, acoLilOEThCI 3 CYTTEBMM PU3UKOM 3POCTAHHS
KIUJTBKOCTI BMMAAKIB JIeliKeMiil iMdoimHoi i HeaiMpo-
imHoi puponu [4, 5]. KpiM Toro, B psmi po0iT mokasaHi

D« Iryna S. Dyagil, e-mail: leuk @ukr.net

INTRODUCTION

Previous studies have shown that radiation and
non-radiation environmental factors influence the
development of hematopoietic disorders and
peculiarities of blood system diseases [1-—3].
Hematopoietic cells are considered the critical
populations for an impact of ionizing radiation, so
the study of hematopoietic system diseases in indi-
viduals exposed to ionizing radiation is of special
interest. Data from the National Cancer Institute
(USA) and the National Research Center for
Radiation Medicine (Ukraine) joint international
study showed that low-dose radiation exposure in
the Chornobyl NPP (ChNPP) accident clean-up
workers (ACUW) is associated with a significant
risk of leukemia of lymphoid and non-lymphoid
nature [4, 5]. In addition, the specific features of
pathogenesis and course of oncohematological

b 444



ISSN 2304-8336. pobnemu paniauiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2020. Bun. 25.

CLINICAL

RESEARCH

0COOJIMBOCTI TaToreHe3y i mepediry OHKOreMarToJoriv-
HUX 3aXBOpIOBaHb y 0cib maHoi koroptu [6—8]. OgHak,
Ha JaHWI 4Yac BiICYTHS JOCTaTHS iH(OpMAallisd IIoI0
ocobauBocTel (POpMYBaHHS XPOHIYHOI Mi€JTOITHOI JIei-
Ha Teparlilo, 3arajibHa BUKMBAHICTb Y OCi0, SIKi 3a3HaIN
BIUIMBY 10Hi3yI0UOr0 BUIIPOMiHIOBAHHSI.

META

Hanmatu xapakTepuUCTMKY OCOOJIMBOCTSIM Mepediry
XPOHIYHOI Mi€JIOIAHOI JIeViKeMii Ta BiAIOBiAi Ha JIiKyBaH-
Hs cepel ONMPOMiHEHMX BHacHimok amapii Ha YopHo-
OUJIbCHKINl aTOMHIM eeKTpOCTaHIlil MalliEHTIB Ha OC-
HOBI OLIIHKM KJTiHiKO-71a00paTOpHUX Ta KJIiHIYHUX Mapa-
METpiB.

MATEPIAJIM I METOJIN

00’ekT mocaimkenHsa. s mociimKeHHsT BIUIMBY i0HI3Y-
I0YOr0 BUIIPOMIiHIOBAaHHS SIK CEpEeIOBMIITHOTO (haKkTopa
Ha OLIiHKY Tepebiry XpoHiuHoi Mi€IoinHOiI JieiikeMii Oy-
Jjo obctexxeHo 33 ocobum i3 XMIJI, gki morepmiau
BHacaigok aBapii Ha HAEC i 3Haxoauaucs B XpOHiYHil
¢azi 3axBoproBaHHs. [lamieHTiB Oy10 poO3IOIiIeHO Ha 2
rpynu 3ajiekHO Bif pamialifiHoro aHamuesy. Ipymy 1
cKJ1aganu 23 mauieHTH, sIKi OyJIu ydacHUKaMM JIiKBifgaLlii
HacmigkiB aBapii (YJIHA) na YAEC y 1986-1988 pp., a
rpyny 2 cknaganu 10 mamieHTiB, B Ky OyaM BKITIOUCHI
ocobu, eBakyiioBaHi y 1986 p. Ta Ti, 1110 NPOXMUBAIU B
30Hi ITOCWJIEHOTO PaJioeKOJOriYHOrO KOHTpoIo. [pymy
NOpPiBHIHHS cKiaanu 725 mauieHTiB i3 XMJI 6e3 pamia-
Lil{HOrO aHAMHE3Y.

Kiiniko-remaroJioriune o0ctexxenns. JliarHoctuka
XMUJI 6a3yBanacs Ha OLIiHLI KJIiHIYHOT CUMOTOMATUKH i
JaHUX JabOpaTOPHUX Ta iHCTPYMEHTAJIbHUX JOCIil-
KeHb. OKpiM 3araJibHO-KJIIHIYHOTO OOCTEXEHHS XBO-
puX, TIpM BUKOHAHHiI POOOTH 3aCTOCOBYBAJM JOCIHiI-
JKeHHS iepruheprUIHOI KPOBi Ta KiICTKOBOTO MO3KY 3 BU3-
HaYeHHSIM KiJIbKICHUX i SIKICHUX XapaKTepUCTUK FeMO-
noe3y. Y BcCix oOCTeXeHUX MNalieHTiB aiarHo3 XMJI
BCTAHOBJIEHO Ha TIIiJCTaBi HasgBHOCTI TpaHCJIOKalii
t(9;22)(q34;q11) y kJiTMHAX KiCTKOBOTO MO3KY abo
ekcrnpecii xumepHoro reHa BCR/ABLI.

OxpiM OLiHKK MOP@OJIOTIYHMX MapamMeTpiB KpPOBi,
KiCTKOBOTI'O MO3KY OyJIO TpoaHajli30BaHO psij KIiHIUHUX
MOKAa3HUKIB, TAKMX SIK BiK Ha ITOYaTOK 3aXBOPIOBaHHS,
¢aza XMJI, BianoBiap Ha cneludiyHy Teparito, Tpu-
BaJIiCTh BiAIOBiIi, Yyac mporpecii y 0JacTHUI Kpus, 3a-
rajibHa BUKMBaHICTb.

MonexkyasapHo-reHeTHYHi JocimKkeHns. {151 KinbKicHOL
OLIIHKY PiBHSI eKcIpecii xumepHoro reHa BCR/ABL 1 Bu-
KOPHMCTOBYBaJIM METOH 3BOPOTHO-TPAHCKPUIITA3HOI I10-

diseases in individuals of this cohort were
described in a number of works [6—8]. However, at
present there is insufficient information on peculi-
arities of the origination of chronic myeloid
leukemia (CML), its clinical progress, features of
the response to therapy, and overall survival rates
in persons exposed to ionizing radiation.

OBJECTIVE

Describe and characterize the peculiarities of the
CML course and response to treatment among
patients irradiated as a result of the ChNPP acci-
dent based on the assessment of clinical-laborato-
ry and clinical parameters.

MATERIALS AND METHODS

Study object. The CML patients in the chronic
phase of the disease (n = 33) survived after the
ChNPP accident were enrolled in the study to
assay the effect of ionizing radiation as an environ-
mental factor on the course of CML. Patients were
divided into the 2 groups depending on their radi-
ation history. Group 1 consisted of the patients (n
= 23) who participated in the ChNPP accident
clean-up works (ACUW) in 1986-1988, and group
2 consisted of the patients evacuated in 1986 and
those living in the areas of enhanced radioecolog-
ical control (n = 10). The comparison group con-
sisted of CML patients with no history of radiation
exposure (n = 725).

Clinical and hematological testing. Diagnosis of
CML was based on the assessment of clinical
symptoms and data from laboratory and instru-
mental studies. In addition to the general clinical
examination of patients the peripheral blood and
bone marrow tests were conducted to determine
the quantitative and qualitative characteristics of
hematopoiesis. In all examined patients the CML
diagnosis was established based on the presence of
translocation t(9;22)(q34;ql1) in bone marrow
cells or expression of the BCR/ABL I gene.

In addition to assessing the morphological
parameters of blood and bone marrow, a number
of clinical parameters were analyzed, such as age at
the disease onset, CML phase, response to specif-
ic therapy, duration of response, time of progres-
sion to blast crisis, and overall survival.

Molecular genetic testing. Method of the reverse
transcriptase polymerase chain reaction (RT-
PCR) with a real-time detection was applied to
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JimepasHoi gaHuorosoi peakuii (3T-TTJIP) 3 netek-
i€l B peaibHOMY 4aci. JlocaimKeHHsT MpOBOAMIN Ha
tepmonmkiepi iQ5 (BioRad, CIIIA) 3 BuKoprucTaHHIM
KoMmepuiitHux HabopiB peareHtiB PHILADELPHI-
AP210 (Nanogen, Itamist). IlpoTokon i pexumu
aMmIutidpikauii BigmoBigaJu pekoMeHaalissM Qipmu-
BUpoOHUKA. JlocmimKeHHsT MpOBOAUIN 3 iHTEpBaJIoOM
3—6 MicsLiB IO JOCSATHEHHSI BEJIMKOI MOJEKYJISIPHOT
Binnogiai (BMB), a motiM 1 pa3 Ha pik [19]. Bianmosinb
Ha Tepamilo BU3HAyalu 3TiJHO 3 KPUTEPisIMU, PEKO-
meHgoBanumu ELNet 2020.

CratucTiyHuil aHaji3. Po30ixkHOCTI MixX miarpyma-
MU OLIiHIOBaJI 3a JoroMororo log-rank ta x*-tecty. Ky-
MYJISITUBHY BipOTigHICTh MOBHOI LIMTOTEHETUYHOI Bifl-
noBixi (ITL[B), Beankoi MoJeKyIsIpHOI Bimmosimi
(BMB) i rmubokoi monexkynsipHoi Biamnosigi (MB4),
BiporigHicTh 3arajgbHOi BrxkuBaHocTi (OS), BHXUBa-
HocTi 6e3 mporpecii (PFS) Ta 6e3nomniiiHoi BUXuBa-
vocti (EFS) pospaxoByBanu 3a meromom KariaH-
Maep. PFS BuzHauanu siK BUXKMBaHICTh 0€3 03HaK ha-
34 akcesiepallii abo 61acTHoro kpuasy. [Tozaiero npu pos-
paxyHKy Oe3nogiitHoi BuxkuBaHocTi (EFS) BBaxanu
CMepThb IIiJl Yac JIiKyBaHHSI 3a Oydb-sIKMX IMPUYMH,
mnporpecito 10 da3u akcenepallii ado 6;1aCTHOTO KpU3Y,
BTpaTy AOCSTHYTOI IMTOT€HETUYHOI Binmosimi.CraTtuc-
TUYHY OOpOOKY JaHMX MPOBOIWINA 3 BUKOPHUCTAHHSIM
cratuctiuaHoro mmakety SPSSforWindows (Bepcis 20.0).

PE3VYJIBTATU TA OBTOBOPEHHS

3arajibHy XapakTepuCTUKY nauieHTiB 3 XMJI, ski 3a3-
HaJayd BIUIMBY paliallilHOro BUIIPOMiHIOBAHHS, Ta
nalieHTiB 0e3 papmialiifHOro aHamMHe3y HaBeIeHO B
Taba. 1. [MamienTy 3 1-i rpynu crioctepexxeHHs Oyu
cTapiii 3a BikoM Ha 4yac aBapii Ha HAEC, nopiBHSIHO 3
rpynoio 2 (24,5 poky vs 15,5 poky, p = 0,016). Y rpymi
VJIHA TakoX cTaTUCTUYHO 3HAUYIIe TTepeBakKalu 40-
qoBiku (91,7 %), 110 MOSICHIOETLCS 3ay4eHHSIM 0
po0IT, MOB’s3aHMUX 3 JIKBiJalli€l0 HACIiAKIB aBapii,
0ci0 yonosiuoi crari. Tpeda 3a3HauuTH, 110 B Tpymnax 1
Ta 2 He OYyJ0 BUSIBJICHO 3HAUYIIMX BiIMiHHOCTEH Yy
TepMiHi Bif aBapii Ha YAEC 1o BCTaHOBJIEHHS TiaTHO-
3y XMJI (Me = 23,2 (16,3—31,1) pokiB Ta Me = 27,3
(12,9—-30,5) pokiB, BinnoBigHo). IlalieHTH-y4aCHUKMI
JikBigawii HachiakiB aBapii Ha YAEC Oynu He3HaYyHO
CTaplli Ha Yyac BCTAHOBJIEHHS AiarHO3Y, MOPIiBHSHO 3
KUTEJSIMU KOHTaMiHOBAHUX TEPUTOPilA Ta HEOMPOMi-
HEHUMHU MNalliEHTaMU, MpPOTe PO30LKHOCTI He Oyau
craTuctuyHo 3Hauyii (Me = 49,0 (38,9-68,6) pokiB vs
Me =43,4 (18,0—82,0) poxu Ta Me = 40,6 (29,2—61,4)
pOKiB, BiamoBigHO). ITalieHTH, $IKi 3a3HaJM BILIUBY
pagialiiHOTO BUMNPOMIHIOBAHHSI, HE BiApi3HSIUCH

quantify level of the BCR/ABL I gene. The study was
performed on the thermal cycler iQ5 (BioRad,
USA) using the PHILADELPHIAP210 (Nanogen,
Italy) commercial reagent kits. The protocol and
amplification regimes were complied with the man-
ufacturer’s recommendations. The study was per-
formed with an interval of 3—6 months before
achieving a major molecular response (MMR) and
then once a year [19]. Response to the therapy was
assayed according to criteria recommended by the
ELNet 2020.

Statistical treatment. Differences between study
groups were assessed using the log-rank and y test.
Cumulative probability of the complete cytogenetic
response (CCyR), major molecular response
(MMR), and a deep molecular response (DMR),
probability of overall survival (OS), progression-free
survival (PFS), and event-free survival (EFS) were
calculated by the Kaplan-Meier method. The PFS
was defined as survival with no signs of acceleration
phase or blast crisis. Death during the treatment for
any reason, progression to the acceleration phase or
blast crisis, and loss of the achieved cytogenetic
response were considered as events in calculation of
the event-free survival (EFS). Statistical data pro-
cessing was performed using the statistical package
SPSS for Windows (version 20.0).

RESULTS AND DISCUSSION

General characteristics of CML patients exposed to
radiation and patients with no history of radiation
exposure are given in Tab. 1. Patients from the 1%
study group were older at the time of the ChNPP
accident compared to 2™ group (24.5 years vs. 15.5
years, p = 0.016). Male subjects were statistically sig-
nificantly prevalent (91.7 %) in the ACUW group,
which is explained by the involvement of males just
in the accident consequences clean-up work. It
should be noted that there were no significant differ-
ences in the period from the ChNPP accident to the
CML diagnosis in groups 1 and 2 (Me = 23.2 (16.3—
31.1) years and Me = 27.3 (12.9—30.5) years respec-
tively). Patients involved in the clean-up works of the
ChNPP accident were slightly older at the time of
diagnosis compared with the residents of contami-
nated areas and non-irradiated patients, but the dif-
ferences were not statistically significant (Me = 49.0
(38.9—68.6) years vs. Me = 43.4 (18.0—82.0) years
and Me = 40.6 (29.2—61.4) years, respectively).
There were no differences in CML manifestations in
the patients exposed to radiation compared with the
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ocobysmBocTaMu MaHidectanii XMJI, mopiBHsaHO 3  study subjects having no radiation exposure in
naimieHTaMu 0e3 pagialliiiHOro aHaMHe3Yy. their history.

SIx 3a3HaveHo BUIIE, TIPU aHai3i BIKOBOI pi3HUIII TTa- As mentioned above, when analyzing the age dif-
Li€HTIB 3 rpynu 1 Ta 2 BcTaHOBJIEHO, IO Ha Yac aBapii  ference of patients from groups 1 and 2 it was found
BikoBa meniaHa YJIHA cknanana 24,5 poky, a B eBakyiio-  that at the time of accident the average age of ACUW
BaHux i xwurenmiB P3T — 15,5 poky. Taka po30ixxHicTe  subjects was 24.5 years, and 15.5 years of evacuees

Ta6nmuysa 1

3aranbHa xapakTepucTuka nayieHtie 3 XMJ1, aki 3a3Hanu BnauBY paaiauiiHoro BUNpoMiHIOBaHHA, Ta NalieHTIB
6e3 paaiauinHoro aHamHesy

Table 1

General characteristics of CML patients exposed to radiation and patients with no history of radiation exposure

MokasHuk F'pyna/Group 1 I'pyna/Group 2 F'pyna/Group 3
Parametr (n=23) (n=10) (n=725)

Bik Ha yac asapii Ha YAEC, megiaHa (min—max), poku 24,5 (17,2-41,7) 15,5 (5,0-35,9) - 0,016*
Age at the time of the ChNPP accident, median value (min-max), years

TepwmiH Big asapii Ha YAEC po piarHoctukn XMJ1, megiaHa (min—max), poku 23,2 (16,3-31,1) 27,3 (12,9-30,5) - 0,832
Time since the ChNPP accident till CML diagnosis, median value (min-max), years

Bik Ha 4ac BCTAHOBNEHHSI AjarHo3y, MefiaHa (min—max), poku 49,0 (38,9-68,6) 40,6 (29,2-61,4) 43,4 (18,0-82,0) 0,124
Age at CML diagnosis, median value (min-max), years

Crartb, Yonosiku, % 91,7 27,8 46,8 0,002*
Gender, males, %

TepMiH nikyBaHHS 10 NPU3HAYEHHS iMaTUHIOY, MemiaHa (min—max), Mic. 9,5 (0,3-66,0) 8,0 (0,8-74,3) 7,7 (0-207,0) 0,959
Term of management fill imatinib administration, median value (min-max), months

PiBeHb remornobiy, MeaiaHa (min—max), r/n 120 (99,0-165,0) 122 (98,0-187,0) 117,0 (60,0-186,0) 0,485
Hemoglobin level, median value (min-max), g/l

KinbkicTb neikouuTie, MegjaHa (min—max), [/n 90,5 (15,0-250,0) 83,8 (17,4-170,0) 111,0 (5,1-860,0) 0,247
WBC count, median value (min-max), G/I

Kinbkictb TpombouuTie, MepiaHa (min—max), I'/n 450,0 (170,0-1945,0) 531,0 (180,0-1260,0) 360,0 (100,0-2100,0) 0,326
Platelet count, median value (min-max), G/I

Kinbkictb 6nacrie, MegjaHa (min—max), % 1,5(0-10,0) 1,0 (0-5,8) 1,5 (0-14,0) 0,498
Blast count, median value (min-max), %

KinbkicTb eo3uHodinie, megiaHa (Min — Max), % 2,0 (0-10,0) 2,5 (1,0-5,0) 2,0 (0-15,0) 0,821
Eosinophil count, median value (min-max), %

KinbkicTb 6a3odinis, mepiaHa (Min — Max), % 2,5 (0-10,0) 2,0 (0-6,0) 3,0 (0-16,0) 0,119
Basophil count, median value (min-max), %

Poamip cenesiHku 3-nip, kpaio pebepHoi ayru, Megiana (Min — Max), cm 3,0 (0-25,0) 4,0 (0-20,0) 3,0 (0-40,0) 0,251

Size of spleen from under the edge of costal arch, median value (min-max), cm

Sokal iHgekc / Sokal index:

HU3bKMiA pu3uK / low risk, % 36,1 32,8 38,9

NPOMIXHWIA Ta BUCOKMIA pu3nk / intermediate and high risk, % 63,9 67,2 61,1 0,517
Hasford ingexc:

HU3bKMiA pu3viK / low risk, % 55,8 59,7 52,3

MPOMIXHWIA Ta BUCOKUIA pu3nk / intermediate and high risk, % 442 40,3 477 0,386
EUTOS inpexc / EUTOS index:

HW3bKuiA pu3uK / low risk, % 86,3 85,7 83,5

BMCOKMIA pu3uk / high risk, % 13,7 14,3 16,5 0,436
ELTS inpexc:

HW3bKuiA pu3uK / low risk, % 56,1 54,2 59,6

NPOMIXHWIA Ta BUCOKMIA pu3nk / intermediate and high risk, % 93,9 45,8 40,4 0,696
TepMiH CocTepexeHHs Ha Tepanii iMaTuHibom, MeaiaHa (min—max), Mic. 20,6 (5,8—-118,1) 54,0 (24,0-78,3) 32,22,0-119,9) 0,075

Term of survey on imatinib medication, median value (min-max), months

Mpumitku. Mpyna 1 — naujentn 3 XMJT, YIHA; rpyna 2 — naujentu 3 XMJ1, xuteni pagioaktueHo 3abpyaHeHux Teputopii (P3T) Ta esakyiiosai; rpyna 3 — navientu 3 XMJ1 6e3
papiaLiiHoro aHamHe3y

* — CTaTUCTU4HO 3HaYyLL Po36XHOCTI

Notes. Group 1 — CML patients, ACUW; group 2 — CML patients, inhabitants of contaminated territories and evacuees; group 3 — CML patients, no radiation exposure

* — statistically significant difference
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CBiIUMTH MpoO Te, 110 A0 JiKBimauii HAcJaiaKiB aBapii Ha
YAEC Oysu 3aj1ydyeHi MO0 JIIOIU, a cepel APYroi rpy-
MU TIPEeBaAlIOIOTh TMALIEHTH, SIKi HA MOMEHT aBapii Oyiu
IiTbMM abo mimmiTkamu. B Toii ke yac, B rpymi 1 3axBo-
proBaHHs Ha XMJI nebrotyBajio 3 MeaiaHoOw 23 poOKU, B
rpyni 2 — 27 poKiB Bi, MOMEHTY onpoMiHeHHs. Takum
YMHOM, BiKOBa MejliaHa Ha yac PO3BUTKY 3aXBOPIOBaHHSI
B rpymi YJIHA cknanana 49 pokiB, a Tpymi eBakyiioBa-
Hux ta xuteniB P3T — 40,6 poky. B rpymi HeonpoMiHe-
HUX TIAlli€EHTIB BiKOBa MeJiaHa HAa MOMEHT PO3BUTKY
XMJI cranoBuna 43,4 poky. Taky pi3HMIIO MiX OIT-
POMiHEHMMU Ta HEOTPOMiHEHUMM MalliEHTAMU Y Billi Ha
MOMEHT PO3BUTKY 3aXBOPIOBAHHSI MOXHA ITOSCHUTH
TUM, 1110 B rpyny YJIHA BK1touaiucs ocoou 3 Me1iaHO1O
Biky 30+ Ta cTapiiie, a B MOMySILIMHI TpyITi peecTpyBa-
nmcs Bumnaaku XMJI — 18+ Ta crapie.

OWiHIOIOUM MOKA3HUKU TepudepruyHoi KpoBi OyJ0
BCTAHOBJICHO, 1110 y OiJIbIIIOCTI MAaLiEHTIB, He3aJIEXKHO Bif
rpynu CIIOCTEPEXXEHHSI, piBeHb reMOTIJIO0iHY 3HAXOIUBCSI
B MexKax (hi3iosioriuHoi HOpMM i KouBaBcs Bia 117 r/i no
122 r/1. Yncno JNeKOIUTIB y BCiX 00CTEXKYBaHUX OCiO
OyJI0 BUCOKMM, OJHAK y I'PYIIi KOHTPOJIIO 32 paXyHOK Be-
JIMKOTO 4ucJia Nali€HTIiB OUIbIII KOJUBaHHS BiJ, HOpMa-
tuBHUX (5,1 I'/n) no rinepneiikouurosy (860 I'/i).

Taka X TEHIEHIis criocTepirajacs MpU OLIHIII Kilb-
KOCTi TPOMOOLIMTIB.

3araJbHOKITIHIYHI CUMITTOMH Y BCIiX TpyTIax OyJI OTHAKO-
BUMMH i IPOSIBIISUTMCS TIOSIBOIO Y YACTWHM IMALIEHTIB 3arajib-
HOI C/1a0KOCTI, MTJIUBICTIO, MiABUILIEHOK BTOMJIIOBAHICTIO,
CXWJIBHICTIO A0 PO3BUTKY iH(PEKUiHHUX yCKIaaHEHb, TUC-
KoM(OPTOM Y YepeBHi MOPOXHWHI, iIHKOJM TTiABUIICH-
HSIM TeMmIiepaTypu 10 cyogeOpunbHuX nudp. A y 3HaUHOI
KJIBKOCTI 0Ci0 MOpYIIEHHS B aHasi3i TeprheprUIHOI KPOBI
i 30LIbIIEHHST PO3MIpiB CeIe3iHKKU 4acTo OyJu BUSIBICHI
pK 3BEpHEHHI 10 JliKapsl 3 MPMUBOY iHIIKX MTPpUYKMH. Busis-
JIEHHS JISHKOLIUTO3Y, TPOMOOIIMTO3Y Ta CIIJIEHOMETail Oys10
MPUBOIOM JI0 MOAANBIIOIO CIIeLM(MIYHOro TeMaToIONiYHO-
ro o0CcTeXXeHHs Ta BCTAaHOBJIEHHS AiarHo3y XMJL.

IIpoBeneHo aHai3 NaLli€EHTIB i3 TPYIl CIIOCTEPEXKEHHS
Ta KOHTPOJIIO 3a IMPOTHOCTMYHUMM InKajamu Sokal,
Hasford, EUTOS Ta ELTS no mpormopliii naii€eHTiB 3
HU3BKWM, TIPOMIKHMM i BUCOKMM PU3MKOM. (Tadj. 1).
K i ouikyBajocs, POIOPLis Mali€HTIB 3 HU3bKUM pU-
3MKOM OiJibIa Tpu oLiHui 3a mKanoo ELTS, mopiBHs-
HO 3 iIHIIMMU IIKaJIaMMU.

ITpoananizoBaHa BiAIOBiAb Ha Teparilo y Mali€HTIB 3
XMUJI. Buxonsguu 3 Toro, 1110 BCi HalliEHTU MalIu JEHKO-
LIMTO3, TO 3 METOI LIMTOPEAyKIii Oyja Tpu3HavyeHa
TiAPOKCUCEYOBUHA Y CTAHAAPTHUX 103aX 3 MOJAIbIIUM
MepexooM Ha JIiIKyBaHHS iHriGiTopaMyu TUPO3UHKIHAZHU
(ITK) — iMmaTuHIOOM y CTaHZAPTHUX TO3aX.
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and residents. This discrepancy indicates that young
people were involved in the clean-up works of the
ChNPP accident while the patients who were chil-
dren or adolescents at the accident time were preva-
lent in the second group. At the same time the CML
debuted 23 years upon radiation exposure in group 1
while 27 years after in group 2. Thus, the average age
at the time of the disease onset was 49 years in
ACUW group, and 40.6 years in the group of evac-
uees and residents. In the group of non-irradiated
patients the age at the time of CML onset was 43.4
years. This difference between the irradiated and
non-irradiated patients at the time of disease onset
can be explained by the fact that the ACUW group
included people aged 30+, while CML cases aged
18+ were registered in the population group.

Assessing the peripheral blood parameters it was
found that in most patients, regardless of the obser-
vation group, the hemoglobin level was within
physiological norm and ranged from 117 g/1 to 122
g/1. The WBC count in all subjects was high, but in
the control group there were larger fluctuations
from normal values (5.1 G/I) up to hyperleukocy-
tosis (860 G/1) due to the large number of patients.

The same trend was observed when estimating
the platelet count.

General clinical symptoms in all study groups
were the same and manifested through the emerg-
ing of general weakness, sweating, fatigue, predis-
position to infectious complications, abdominal
discomfort, and sometimes fever up to a subfebrile
body temperature. In a significant number of peo-
ple the abnormalities in peripheral blood count
and increase in the size of spleen were often found
when seeing a doctor for other reasons. Detection
of leukocytosis, thrombocytosis and splenomegaly
was a rationale for the further specific hematolog-
ical check-up and diagnosis of CML.

Assessment of the Sokal, Hasford, EUTOS, and
ELTS prognostic scores was performed in the sur-
vey and control groups according to the proportion
of patients with low, intermediate and high risk
(Tab. 1). As expected, a proportion of the low-risk
patients was higher when evaluating the ELTS
score compared to other scales.

Response to the therapy in CML patients was ana-
lyzed. Based on the fact that all patients had leukocy-
tosis the hydroxyurea medication was prescribed in
standard doses for the purpose of cytoreduction fol-
lowed by the switching to administration of tyrosine
kinase inhibitor (TKI) imatinib in a standard dose.
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AHaJi3 BiATIOBINI HA MepIIy JIiHil0 Tepallilo iMaTUHi-
0OOM MoKa3aB, 110 Y MAaLliEHTIB, SKi 3a3HAIU Ail i0Hi3y10-
YOIro BUIPOMIHIOBAHHS, PEAYKILIisl ITyXJIMHHOIO KJIOHY
OyJla MEHIII 3HAYYIIOl0 TMOPIiBHSIHO 3 MalliEHTaMU, SIKi
He MaJIM pafdialiiiHOro aHaMHe3y. 3a BeCh Iepioj CIioc-
TepexXeHHs y OiblocTi mauieHTiB (19 3 23 mauieHTiB) 3
rpymu YJIHA (rpyma 1) He Bmamocsl oTpuMaTH pe-
JYKLIIO ITyXJIMHHOTO KJIOHY 10 piBHA BCR/ABL1=1 %
Ta ruobue. B Toit xe yac, y rpymi 2 y 4 nauieHTiB 0yJ10
JTOCATHYTO penyKilito KioHy 10 piBHsI BCR/ABLI Bin
0,1 % mo 1 % (IIUB), y 1 mamieHTa — 00 piBHA
BCR/ABL1 Bin 0,01 % no 1 % (BMB) ta y 5 naieH-
TiB — 10 piBHa BCR/ABL1< 0,01 % (MB4).

ITpu ouiHui edexTuBHOCTI JikyBaHHg ITK Oyio
BimMmiueHo, 110 B rpymi YJIHA (rpyma 1) y mopiBHSIHHI
3 IPYIIOI0 2 Ta HEOIIPOMiHEHUX TAlli€HTIB, BiIMOBiIb
Ha JIiKyBaHHS HE BilMoOBigana O4iKyBaHHSIM 3TiITHO 3
peKOMEHIAlisSIMA 1 XapaKTepu3yBajacs IIeBHUMHU
3aTPUMKaMU B JOCSITHEHHI reMaTOJIOTiYHOI Ta LIMTO-
TEHETUYHOI peMicii.

Tomy yepe3 12 wic. Teparmii iMaTuHiIOOM y Tpyti
VJIHA (rpyna 1) craTMCTUYHO 3HaYYyllle nepeBakKaiu
NaLi€HTU 3 MEPBUHHOK PE3UCTEHTHICTIO MMOPIBHSIHO 3
rpynoto xwuteniB P3T i rpynoo nopiBusiHHg (91,7 %
npotu 35,7 % Ta 51,4 %, BinMOBiAHO). Y TPYITi XKK-
teqiB P3T (rpyna 2) mocsirHyTa BifmnoBigb Oyna m0-
CUTb HECTAOIIbHOMO, 110 MPU3BOAUIIO Y TOJATBILIOMY
JIO0 PO3BUTKY BTOPMHHOI PE3UCTEHTHOCTI IO Teparii
iMaTUHIOOM.

KinbKicTh Malli€HTIB, y SIKMX PO3BUHYJIACS BTOPUH-
Ha pe3UCTEHTHICTb Y BULJISIAI BTPaTU JOCSITHYTOI ITOB-
Hoi uutoreHeTnyHoi Bignosigi (ITLB), 3nauyie me-
peBaxaia B rpymi 2 MOpPiBHSHO 3 Tpyrolo 0e3 pamia-
miiiHoro aHamHesy (41,7 % nipotu 13,8 %, p = 0,023).
YerBepo 3 necatu (41,7 %) maLieHTiB IpyIn 2, y SKUX
OyJ10 OTpUMAaHO PEAYKIIil0 MYyXJIUHHOTO KJOHY MO
piBHsT BCR/ABLI < 1 %, BTpaTWIA JTOCSTHYTY BilllTO-
Bimb uepe3 15—61 mic. (Me = 36 wmic.) niKyBaHHSI.

VY rpyni yyacHuMKIB JikBigauii HacaiaKiB aBapii y 5
MAalLieHTIB PO3BUHYJIACS IPOTPEcCiss 3aXBOPIOBAHHS,
sika OyJia l1iarHOCTOBaHa Ha 2-My Ta 3-My poKax JiKy-
BaHH$. BcTaHOBIEHO, 110 Y MALiEHTIB 3 MPOTpecielo
XMIJI, BigMivyanucsi KOpPOTKOTPHMBaJi BiAMNOBiAI Ha
JiKyBaHHs. Tak, mpu JOCATHEHHi YaCTKOBOI IIUTOTe-
HETUYHOI BiAMoBiAi Ha 12 MicsuUiB JliKyBaHHS iMa-
TUHIOOM, 1110 OYJIO PO3LIiHEHO, SIK PO3BUTOK MEPBUH-
HOI Pe3UCTEHTHOCTi, TPOE XBOPUX OYJIM IepeBeAcHI
Ha gikyBaHHs1 ITK 2-1 miHii — HimoTuHiOOM. /IBOM
naiieHTaMm Oynia IMiaBUIIEHa 103a iMaTuHiOy mo 800
MT Ha 100y. OfHaK i B IepIlIoMy, TaK i B ApyroMy BU-
nagkax 4depe3 3—4 wMicdmi JiKyBaHHS He OyIJIo

Analysis of response to the first-line imatinib
therapy showed that in the patients exposed to ion-
izing radiation the reduction of tumor clone was less
significant than in cases with no history of radiation
exposure. During the entire follow-up period most
patients (19 of 23) from the ACUW group (group 1)
failed to reduce the tumor clone to BCR/ABLI1 =1 %
and deeper. At the same time, in group 2 the clone
was reduced to the level of BCR/ABL I from 0.1 % to
1 % (CCyR) in 4 patients, to the level of BCR/ABL 1
from 0.01 % to 1 % (MMR) in 1 patient, and to
the level of BCR/ABLI < 0.01 % (DMR) in 5 pa-
tients.

When evaluating the effectiveness of TKI treatment
it was noted that the response to treatment did not
meet expectations according to the recommendations
and was characterized by certain delays in achieving
the hematological and cytogenetic remission in the
ACUW group (group 1) compared with group 2 and
non-irradiated patients.

Therefore, after the 12 months of imatinib therapy
there was a statistically significantly greater number of
patients with primary resistance in the ACUW group
(group 1) vs. residents of radiologically contaminated
areas and the comparison group (91.7 % vs. 35.7 % and
51.4 % respectively). In the group of residents of radio-
logically contaminated areas (group 2) the achieved
response was quite unstable, which led to the further
development of secondary resistance to imatinib therapy.

The number of patients who developed the second-
ary resistance in a form of the achieved CCyR loss sig-
nificantly prevailed in the group 2 compared with the
group with no history of radiation exposure (41.7 %
vs. 13.8 %, p = 0.023). Four out of ten (41.7 %)
patients in the group 2 in whom a reduction in the
tumor clone was achieved to the level of BCR/ABL 1
< 1% had lost their response after 15 to 61 months
(Me = 36 months) of treatment.

In the group of participants of the ACUW the 5
patients developed a disease progression, which was
diagnosed on the 2™ and 3" years of treatment. It was
found that there were short-term responses to the
treatment in CML patients with disease progression.
Thus, when a partial cytogenetic response was
achieved at 12 months of imatinib treatment, which
was regarded as a development of primary resistance,
three patients were switched to the 2"-line TKI treat-
ment with nilotinib. Dose of imatinib was increased
to 800 mg per day in two patients. However, in both
first and second cases there was no improvement in
the clinical condition after 3—4 months of treatment.
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BiIMiY€HO TOKpalleHHsI B KJIiHIYHOMY CTaHi, a caMe: B
aHaJjli3i KpoBi CTaJy BUSBISTH HE3piJli TPaHYJIOLIMUTH,
0J1aCTHi KJIITMHU, HapocTajla aHeMisl, siKa IoTpedyBajia
MpOBeIeHHSI TeMoTpaHcdy3iil, BigMidyamocss 3HMXKEHHS
yuciaa TpoMOOLUTIB, 30iJblIyBajgacsl B po3Mipax ce-
Jie3iHKa. Y KiCTKOBOMY MO3KY BigMidaJM MiABUILEHUIA
BMICT GJIACTHUX KJIITUH 10 25—45 %, 6a3odiniB 1o 12 %.
Takuit mepebir cBigUMB MPO MPOrpPecito 3aXBOPIOBAHHS i
nepexin y a3y axcenepallii Ta 0JacTHOTO KpH3Y.
Kom6inoBaHna Tepamist ITK Ta ximioreparii npuBoauia
JI0 TIOKpallleHHsI CTaHy i reMaToJIOTIYHOI KApTUHU Ha AYy-
Xe KOPOTKUM Yac.

He3Bakaroun Ha BHUSIBJIEHY BUCOKY YacTOTY BHUITAIKiB
MEPBUHHOI Ta BTOPMHHOI PE3UCTEHTHOCTI OO Tepamii
iMaTrHiIOOM y nauieHTiB 3 XMJI, sIKi 3a3Hanu 1ii ioHi3y-
0YOro BUIPOMiHIOBaHHS BHacaimok asapii Ha YAEC,
yacToTa Imporpecii y pasy akcesepaiiii Ta/abo 6J1acTHOTO
Kpu3Yy i 3arajibHa JIeTaJIbHICTh 3a BECh Mepioj criocTepe-
JKEHHSI He BilIpi3HsIMCch MixX rpyramu 1 Ta 2 Ta Bim rpy-
MY NauieHTiB 6e3 pamiauifiHoro anamHesy (taoin. 2). Ce-
peld Mali€HTiB 3 pamialliiiHUM aHaMHE30M Iporpecis 0y-
Jla 3apeecTpoBaHa Juile y 5 3 23 malieHTiB 3 rpynu
YJIHA.

Jns BU3HAUYEHHS 3HAYYIIOCTI i10HI3yOUYOIro BUII-
POMIHIOBAaHHS IIOAO PO3BUTKY BTOPUHHOI PE3MCTEHT-
HOCTI aHaJ1i3yBaJIv BipOTriAHICTb BTPATU JOCITHYTOI OB~
HOI UUTOreHETUYHOI BiAIOBiAlI HA Tepamilo iMaTUHIOOM
3aJIe;KHO BiJ HAsSIBHOCTI iOHi3yIOYOTO OIPOMiHEHHS B
a”HaMHe3i metonoMm KarmaHn-Maiiep (puc. 1). byno Bu-
SIBJICHO CTAaTUCTUYHO 3HaAuylle IIiABUINEHHS Bipo-
TiIHOCTI BTpaTU JOCSATHYTOI MOBHOI LIMTOT€HETUYHOI
BIAMOBIAI Ha Teparmilo iMaTUHIOOM Yy Malli€HTIB, SIKi
Oyau eBakyitoBaHi ab0o nmpoxuBanu Ha P3T, mopiBHs-
HO 3 malieHTamMu 0e3 paniauiiHoro aHamHe3y (Bipo-
TiJIHICTh PO3BUTKY BTOPUHHOI PE3UCTEHTHOCTI uepe3
24 wmic. tepamii ckianana 16,7 % npotu 3,4 % Binno-
BinmHO; 4epe3 48 mic. Tepamii — 44,4 % npotu 13,6 %
BinnmoBigHo, p = 0,003). 3acTocyBaHHS METOAY perpecii
Koxkca mo3Bommio migTBEpAWUTH acOLiaTUBHUIA 3B’SI30K
MiX BIUIMBOM pafialliifHOro (akTopy Ta BipOTiZHICTIO
BTPATU JOCSTHYTOI TOBHOT IIMTOr€HETUYHOI BiIMOBIAi Ha
Tepamilo iMmaTrHiOOM B 1iit rpyni manieHtiB (HR = 3,61
(95 % AI: 1,45-8,97), p = 0,006).

Ha npyry niHito Tepamnii HiToTMHIOOM OyJi0 MepeBee-
HO 12 mauieHTiB, SKi 3a3HaJIV BIUTMBY iOHi3YIOUOTO BUII-
POMiHIOBaHHSI BHacaimoK aBapii Ha YOpHOOWJIbCHKil
AEC Ta y gknx Teparig iMaTuHiOOM Oyma Hee(eKTUB-
HOIO i 3HAXOAMJIUCS B XPOHIUHIi (pa3i 3aXBOpPIOBAHHSI.
Cepen HuUX 5 ydyacHHMKIiB JiKBigauii HacJigkiB aBapii
(rpyma 1) nHa HAEC y 1986—1988 pp. Ta 7 XXuUTeJiB 30HU
IMOCUJIEHOTO PaIioeKOJIOTIYHOTO KOHTpOJIO (rpyma 2).

(1) 450

Namely the immature granulocytes, blast cells,
increased anemia requiring blood transfusions,
and a decrease in platelet count appeared in the
blood tests along with splenomegaly emerging.
There was an increased count of the blast cells up
to 25—45 % and basophils up to 12 % in bone mar-
row. Such a disease course indicated the disease
progression and transition to the phase of acceler-
ation and blast crisis. Combination of TKI and
chemotherapy had led to improvement of the con-
dition and hematological pattern for a very short
time.

Despite a high incidence of the primary and sec-
ondary resistance to imatinib therapy in CML
patients exposed to ionizing radiation as a result of
the ChNPP accident the incidence of progression to
the acceleration phase and/or blast crisis and overall
mortality for the entire observation period did not
differ neither between groups 1 and 2 nor from the
group of patients with no history of radiation expo-
sure (Table 2). Among patients with a history of radi-
ation exposure the progression was reported in only
5 of 23 patients in the ACUW group.

To determine a role of ionizing radiation in the
development of secondary resistance we analyzed the
probability of loss of complete cytogenetic response to
imatinib therapy depending on the presence of expo-
sure to ionizing radiation in the history by the Kap-
lan-Mayer method (Fig. 1). There was a statistically
significant increase in probability of loss of complete
cytogenetic response to imatinib therapy in the
patients who were evacuated or lived in radiologically
contaminated areas compared with the patients with
no history of radiation exposure. The probability of
secondary resistance after the 24 months of therapy
was found being 16.7 % vs. 3.4 % respectively, and
after 48 months of therapy 44.4 % vs. 13.6 % respec-
tively, p = 0.003. Application of the Cox regression
method allowed to confirm an associative relationship
between the influence of radiation factor and proba-
bility of loss of the achieved complete cytogenetic
response to imatinib therapy in this group of patients
(HR =3.61 (95 % CI: 1.45-8.97), p = 0.006).

Twelve patients in the chronic phase of the disease
who were exposed to ionizing radiation as a result of
the CNPP accident and in whom the imatinib ther-
apy was ineffective have been transferred to the sec-
ond line of nilotinib therapy. There were 5 ChNPP
ACUW of the 1986—1988 period and 7 residents of
the enhanced radioecological control area (group 2)
among them. The comparison group (group 3) con-
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patients who lived in the areas of enhanced
radioecological control; group 3 — patients
with no history of radiation exposure

Ipyny mopiBHsHHS (rpyna 3) ckmanu 133 maimieHTu 3
XMIJI 6e3 pagialiiHOro aHamMHe3y 3 piBHEM peayKilii
NyXJIMHHOTO KJIOHY Ha ToNepeaHiid Tepamnii iMaTuHiOOM
He riau6ie [TLB (pisens BCR/ABLI > 1 %). Bci 3a3Ha-
YeHi IMallieHTU OTPUMYBAJIU APYrY JIiHil0 Teparii Hijlo-
THHiIOOM B 103i 800 mr Ha moOy. OcoOJaUBICTIO IPYIU
YYaCHUKIB JiKBigalii HacaiAKiB aBapii OyB MEHILWI Tep-
MiH MOIepPeAHbOro JiKyBaHHSI iMaTMHIOOM Ta KOPOT-
M TepMiH CIOCTEepeXKEeHHsI Ha Tepartii Apyroi JiHii
TMOPiBHSHO 3 XUTEISIMU padialliiiHO 3a0pyTHEHUX TEPU-
TOpIil Ta MalieHTaMM 3 Tpyny NOpiBHIHHS (TabJI. 2).
AHati3z pe3yabTaTiB 3aCTOCYBaHHSI HiJIOTUHIOY SIK Te-
pamii 2-i JiHii y Mali€HTiB, pe3UCTeHTHUX OO0 Teparlii
iMaTuHiIOOM, MoOKa3aB, IO eheKTuBHICTh 3MiHM ITK y
MHalLi€eHTIB, 110 3a3HalM Mii iOHi3yl0UOro BUIIPOMIiHIO-
BaHHsI, OyJia TaKOO X, K i B TpyIli nopiBHsIHHS. Yepe3
12 Mic. Teparii HIJTOTMHIOOM pPEAyKIlil0 MYXJIMHHOTO
KioHy 1o piBHst BCR/ABL1 < 1% (I1LIB) Gyno 3apee-
ctpoBano y 135 (20 %) mauientis-YJIHA, 537 (71,4 %)
mamieHTiB — xwurenais P3T ta y 62 3 133 (46,6%)
nalieHTiB 0e3 pagialiifHOro aHaMHe3y, TPOTe LS Pi3HU-
1151 He TiATBepAuaacs pe3yabTaTaMM CTaTMCTUYHOTO
aHanizy (p = 0,442). B rpyni YJIHA nepeBaxanu
MAali€HTH, Y SIKUX piBeHb eKcipecii reHa BCR/ABL I tie-
peBuiryBaB 10 % i 3a kputepisimu ELNet 2020 1mono
edekTrBHOCTI Apyroi aiHii Teparmii ITK ix knacudgikysa-
JIA 1K MepBUHHO pe3ucteHTHUX (60 % mpotu 28,6 % y
rpymi 2 Ta 36,8 % — y rpyIi 6e3 pamialliiHOro aHaMHe-
3y). He Oyyno BMSABIEHO CTaTUCTUYHO 3HAUYLIMX PO3-
OiXkHOCTE! MixX rpynaMM Malli€HTIB, SIKi 3a3HaJU BIUIU-
BY palialliiHOTO BUIIPOMIiHIOBAaHHS Ta IAalliEHTIB 0e3
pamiamiifHOTO aHaMHe3y B TTIMOMHI peayKIlii MyXJIMHHO-

sisted of 133 CML patients with no history of radi-
ation exposure, and a level of tumor clone reduction
on the previous imatinib therapy not deeper than
CCyR (BCR/ABLI > 1 %). All of these patients
have received the second-line nilotinib therapy at a
dose of 800 mg per day. A shorter period of the pre-
vious imatinib treatment and a shorter period of
observation on the second-line therapy were the
features of ChNPP ACUW group compared with
the residents of radiologically contaminated areas
and patients from the comparison group (Table 2).
Evaluation of the results of nilotinib administra-
tion as a second-line therapy in imatinib-resistant
patients showed that the efficacy of TKI switch in
subjects exposed to ionizing radiation was the same
as in the control group. After the 12 months of nilo-
tinib therapy the reduction of tumor clone to
BCR/ABL1 < 1% (CCyR) was reported in 1 of 5
(20 %) patients participated in the ACUW, 5 of 7
(71.4 %) patients living in radiologically contam-
inated territories, and in 62 of 133 (46.6 %) of
patients with no history of radiation exposure.
This difference however was not confirmed by the
statistical treatment (p = 0.442). Patients with
BCR/ABL1 gene expression exceeding 10 % were
prevalent in the ACUW group and were considered
as primary resistant according to the ELNet 2020
criteria for the effectiveness of second-line TKI
therapy (60 % vs. 28.6 % in the group 2 and vs.
36.8 % in the group with no history of radiation
exposure). No statistically significant differences
were found between the groups of patients exposed
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Ta6auua 2

3aranbHa xapaKTepucTuKa nayieHrie 3 XMJ1, pesucteHTHUX ao Tepanii iMaTuHiGom, AKi 3a3Hanu BnauBy pagia-
yiiHoro BUNpoMiHIOBaHHA Ta NnauieHTiB 6e3 paaiauinHoro aHamHesy

Table 2

General characteristics of CML patients with resistance to imatinib therapy who were exposed to ionizing radi-

ation and patients with no history of radiation exposure

Moka3sHuk

Fpyna/Group 1

Fpyna/Group 2 Fpyna/Group 3

Parametr (n=5) n=7) (n=133) P
TpuBanicTb NonepenHLOro JlikyBaHHs iMaTuHIOOM, MepjaHa (min—max), Mic. 23,6 (5,8-40,8) 57,6 (26,5-78,0) 35,1 (2,0-120,0) 0,0264)
Term of previous imatinib medication, median value (min—max), months

Kpauia Bignosiap Ha imatuHi6 / the best response to imatinib administration:

Hemae LB / no CCyR, n (%) 5(100) 3(42,9) 96 (72,1)

NuB / CCyR, n (%) 0(0) 4 (57,1) 36 (27,9) 0,084
Bup pesuctenTHoCTi / type of resistance:

nepBauHHa / primary 5(100) 6(85,7) 110 (82,1)

BTOpWHHA / secondary 0(0) 1(14,3) 24 (17,9) 0,568
Bincotok Ph+ metada3 a0 noyatky Tepanii HiNOTUHIGOM, 45,0 (20,0-100,0) 95,0 (15,0-100,0) 100,0 (0-100,0) 0,318
mefiaHa (min—max), %

Percent of Ph+ metaphases before nilotinib administration,
median value (min—max), %
TpuBanictb CNOCTEPEXEHHS Ha Tepanii 2— iHii, MeaiaHa (min—max), Mic. 20,0 (12,0-84,0) 62,0 (12,0-104,0) 43,0 (3,0-106,0) 0,075

Term of survey on the second—line therapy, median value (min—max), months

Mpumitku. Mpyna 1 — navientn 3 XMJ1, YJIHA; rpyna 2 — nauieqtu 3 XMJ1, xureni panjoaktveHo 3a6pyaHeHnx Teputopiii (P3T) Ta esakyiiosai; rpyna 3 — naujentu 3 XMJT 6e3

papiauiiiHoro aHamHe3y
* — CTATUCTMYHO 3HAYYLL PO3GIXHOCTI

Notes. Group 1 — CML patients, ACUW; group 2 — CML patients, inhabitants of contaminated territories and evacuees; group 3 — CML patients, no radiation exposure

* — statistically significant difference

ro KJOHy uepe3 12 mic. Tepamii HiJIOTUHIOOM, 4acCTOTI
Brpat I1LIB, nporpeciii i 1eTaJbHUX BUIAAKIB, XO4a CIO-
cTepiraBcsl TPeH. 10 OUIbII HECIPUSITIUBOIO Iepediry
3aXBOPIOBAHHS Yy MAali€HTiB-y4YacHUKIB JiKBimalii Ha-
chigkiB aBapii Ha HAEC. g pociiaKyBaHUX Tpyn ma-
LiEHTIB He OyJI0 pO3pax0OBaHO JOBrOCTPOKOBI MOKA3HU-
ku EFS, PFSta OS y 3B’43Ky 3 HEBEJIMKOIO KiTbKiCTIO
MAali€HTIB, SKi 3a3HaJW il iOHi3yI0YOTro BUIIPOMIHIO-
BaHH Ta Oy/iu mepeBeAcHi Ha Apyry JiHito tepamii ITK,
a TaKOXX KOPOTKUM TEPMiHOM CIIOCTEPEXKEHHSI, OCOOJIU-
BO B rpymi YJIHA.

OTpuMaHi pe3yabraTi CBigyaTh MpO Te, IO MAalliEHTH,
SIKi 3a3HaJIM il i0Hi3YI0UOro BUIIPOMiHIOBAHHS B pe3YJib-
tati aBapii Ha YAEC, He Bimpi3HSIMCh OCOOIUBOCTIMM
manidecrawii XMJI, a TakoxX KJIACUIHUMU TeHETUYHUMU
MapkepaMu B J€0I0Ti 3aXBOPIOBaHHS, ITOPIBHSHO 3
naiieHTamu 0e3 pagiauiliHoro aHamHe3dy. OmgHak, pe-
JyK1Iisl MyXJIMHHOTO KJIOHY Ha Tepallil iMaThHiOoM Oyja
3HavyIlIe MEeHII e()eKTUBHOIO Y MAlli€HTIB, SIKi 3a3HAJIN il
iOHI3yI04Oro BUITPOMIHIOBAHHSI, MOPiBHSIHO 3 Malli€HTa-
MM, SIKi HE MaJIM pajialliiiHOro aHaMHe3y. Y Hali€HTiB, SIKi
MaJjid B aHaMHe3i pajialiliHe OnpoMiHEHHSI, BU3Havanacs
MepBUHHA PE3UCTEHTHICTh A0 Teparlii iMaTUHIOOM, a y BU-
nagkax peaykKilii MyXJIWMHHOTro KioHy ao piBHs I[ILIB i
rumolle, BiAmoBiab Oyna HecTabiibHOW0. TlalieHTu-yyac-
HUKMU JIIKBifalii HacJIiaKiB aBapii Ta Mali€HTH, SIKi TPOXKU-

(1) 452

to radiation and patients with no history of radiation
exposure in the depth of the tumor clone reduction
after 12 months of nilotinib therapy, incidence of
CCyR loss, progression and death, although there
was a trend towards some more unfavorable disease
of the in the patients involved in the ChNPP ACUW,
The long-term EFS, PFS, and OS rates were not
calculated for the study groups due to a small num-
ber of patients exposed to ionizing radiation and
switched to the second line of TKI therapy, as well as
the short follow-up, especially in the ACUW group.

The study results indicate that there was no dif-
ference in CML manifestations as well as in clas-
sical genetic markers at the disease onset is sub-
jects exposed to ionizing radiation as a result of
the ChNPP accident compared with the patients
with no history of radiation exposure. Reduction
of the tumor clone on imatinib therapy was how-
ever significantly less effective in patients with his-
tory of radiation exposure than in not irradiated
patients. Primary resistance to imatinib therapy
was determined in patients with the history of
radiation exposure while in cases of the tumor
clone reduction to CCyR and deeper the response
was unstable. The ACUW patients and subjects
living in the radiologically contaminated territo-
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BaJIM Ha pafialliifHO 3a0pyTHEHUX TEPUTOPISIX, OTPUMAIA
pi3He pafialliiiHe HaBaHTa>KEHHSI B JO30BOMY Jlialla30Hi Ta
B Pi3HUX peXUMax OMPOMIHEHHS (IUCKpeTHe abo Ipo-
JIoHroBaHe). MoXIINBO, 11eii (paKT 00yMOBUB pi3HUI TTPO-
SIB Pe3UCTEHTHOCTI J0 TapreTHoi Teparii. bepyyu 1o yBa-
I, 110 pagialiiHuit ¢pakTop TaK adbo iHaKIIe CIPUSIE MO-
sIBI TEHOMHOI HeCTaOLIbHOCTI [9], MOXHA MHPUITYCTUTH,
1110 30iIBIIEHHS YaCTOTU MEPBUHHOI Ta BTOPMHHOI pe3ucC-
TEHTHOCTI B TpymHax CHOCTEpPEXEeHHsS Oe3MocepeIHbO
MoB’s13aHe 3 MOIEePeIHbOI0 JiecTabilizallielo TeHoMa i
BIUIMBOM i0Hi3ytouoro BuiipoMiHioBaHHs. ITokazaHo, 1110
HasgBHICTh padialliliHOro OMpOMiHEHHST B aHAMHE31 HaBiTh
3a 6araro pokiB a0 ne6roty XMJI, € HecnpUSITIUBUM Cepe-
JOBUIIHUM (DaKTOPOM, SKHMII OOYMOBJIIOE PO3BUTOK pe-
3UCTEHTHOCTI 10 Teparlil iMaTuHIOOM.

OtpuMaHi pe3yJbTaTu CBimuaTh MPO MOLIIBHICTh 3aC-
TOCYBaHHS HUJIOTUHIOY B MePILili JiHil Tepartii a0o iHIo-
ro iHridbiTopa TUPO3MHKiIHA3 3 BMIIOIO, HiX iMaTUHIO,
iHriOYIOUOK aKTUBHICTIO 1 OUIbII IHUPOKUM CIIEKTPOM
iHTiOyBaHHS, y MALIiEHTIB, SIKi 3a3HaAU Jii i0Hi3yI04OTO
BUIIPOMIHIOBaHHSI.

BHUCHOBKU

1. IlamieHTHn, sIKi 3a3Haju BIUIMBY pafialliiHOTO BUII-
POMiHIOBaHHSI, HE BiIpPi3HSAIUCH OCOOJMBOCTSIMU
MmaHiecrtanii XMJI, nopiBHsIHO 3 malieHTamMu 0e3
pamialiiiHOro aHamHe3sy, NpoTe IJisl HUX BU3HAYasacs
HU3bKa e(PeKTUBHICTb 10 Teparlii iMaTuHIOOM.

2. Y rpyni yyacHUKIB JiKBigauii HacaiakiB aBapii Ha YA-
EC cratuctuyHo 3Hauyllle nepeBaxkaid BUOAAKU pO3-
BUTKY IMEPBUHHOI PE3UCTEHTHOCTI, TOPiBHSIHO 3 IPYIOI0
JKUTEJB pafialliiiHo 3a0pyaIHEHUX TEPUTOPIilt i TPyIoI0
TMOPiBHSHHSI.

3. BusiBieHO CTaTUCTUYHO 3HAYylle IMiIBUILIECHHS 4Yac-
TOTU BTpPaTU AOCSATHYTOI MOBHOI LIMTOT€HETUYHOI
BiITIOBizi HA Teparilo iMaTUHIOOM y MaLliEHTIB, sIKi OyIu
eBaKkyiioBaHi abo TMpoXMBadM Ha padialiiHO KOH-
TaMiHOBAaHUX TEPUTOPIsIX, MTOPiBHSIHO 3 MallieHTaMu 0e3
panialiiiHoro aHaMHe3y. Bu3HaueHo acoliiaTUBHUI
3B’S130K MiX BIUJIMBOM pajialiiiHoro ¢axrtopa i Bipo-
TiAHICTIO BTpaTW AOCSITHYTOI MOBHOI LIMTOT€HETUYHOIL
BiAMOBii Ha Teparlito iMaTUHIOOM Y il IPyITi MALiEHTIB.
4. HagBHicTb pamialiifHOro ompoMiHeHHS B aHaMHe3i
HaBiTb 3a OaraTo pokiB 1o aedoTy XMJI, € HeCTIpuITIN-
BUM CepeIOBUIIIHUM (PAKTOPOM, SIKUiT OOYMOBIIIOE PO3-
BUTOK PE3MCTEHTHOCTI J0 Teparlii iMaTuHiOOM.

5. EpeXTUBHICTh 3MiHM iHTIOITOPY TUPO3UHKIHA3 Y BU-
MmagKax po3BUTKY PE3UCTEHTHOCTI A0 iMaTUHIOy y Talli-
€HTIB, SIKi 3a3HaJIM il iOHi3yl0YOTO BUIIPOMiHIOBaHHS,
OyJ1a TaKo10 K, SIK i B TpyIi MOPiBHSHHSI.

ries have received a different radiation exposure in
the dose range and in different irradiation regimes
(discrete or prolonged). This fact possibly was a
key for the different manifestations of resistance
to the targeted therapy. Given that radiation factor
in one way or another contributes to the genomic
instability [9] it can be assumed that the increased
incidence of primary and secondary resistance in
study groups was directly related to the previous
destabilization of genome under the influence of
ionizing radiation. It is shown that radiation
exposure in the history even many years before the
CML onset is an unfavorable exogenous factor
that induces the development of resistance to
imatinib therapy.

The obtained results indicate that administration
of nilotinib or another tyrosine kinase inhibitor
with higher than imatinib inhibitory activity and
broader spectrum of inhibition is reasonable as a
first-line therapy in the patients exposed to ioniz-
ing radiation.

CONCLUSIONS

1. There was no difference in CML manifestations
in the patients exposed to ionizing radiation com-
pared with the subjects with no history of radiation
exposure. Low efficacy of the imatinib therapy was
however found in them.

2. Cases of primary resistance development were
statistically significantly prevalent in the group of
the ChNPP accident clean-up workers in compari-
son with the group of residents of radiologically
contaminated territories and the comparison group.
3. There was a statistically significant increase in
the incidence of loss of complete cytogenetic
response to imatinib therapy in the patients evacu-
ated or living in radiologically contaminated terri-
tories compared with the cases with no history of
radiation exposure. An association was found
between the radiation exposure and likelihood of
loss of complete cytogenetic response to imatinib
therapy in this group of patients.

4. Radiation exposure in the history even many
years before the onset of CML is an unfavorable
exogenous factor resulting in the development of
resistance to imatinib therapy.

5. Efficacy of tyrosine kinase inhibitor switch in
case of imatinib resistance in the patients exposed
to ionizing radiation was the same as in the com-
parison group.
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Tonorii Ta TpaHcnnaHTonorii, IHCTUTYT KNiHiYHOT pagio-
norii HHLPM, m. Kuis

Amutpenko IpuHa BitaniiBHa, KaHZuAaT MeAUYHUX HAYK,
CTaplmnii HayKoBUi cniBpo6iTHUK nabopatopii iMyHoreHe-
TUKW BigAiny rematonorii Ta TpaHcnnaHtonorii, IHcTuTyT
KniniuHoi papionorii HHUPM, m. Kuis.

Wonoiko BaneHTMHa BacuniBHa, HayKoBWi cniBpo-
OITHMK BifAineHHs paaiauiinHoi oHKoremaronorii Ta TpaH-
cnnauTonorii cToBOYpoOBMX KNiTUH Bigainy remaronorii Ta
TpaHcnnantonorii, IHcTUTyT KniniyHoi pagionorii HHLPM,
M. Knis

depopeHko Bipa lpuropiBHa, Monoawuit HayKoBMUiA
cniBpo6iTHUK nabopaTopii imyHoreHeTuKM BigAiny remaro-
norii Ta TpaHcnnaHtonoriiIHCTUTYT KNiHiYHOT papionorii
HHLUPM, m. Kunis

WnaxTuyeHko TetaHa KOpiiBHa, KaHOMAAT MEAUYHUX Ha-
VK, MONOALIMNIA HAyKOBWIA cNiBpobiTHMK nabopaTtopii iMyHo-
reHeTUKW BifAiny rematonorii Ta TpaHcnnantonorii, Inctu-
TYT KNiHi4HOT pagionorii HHLPM, m. Kuis.

Mertpywa Onekcanap OneroBuy, KaHaNAAT MEANYHUX Ha-
VK, MONOALIMNIA HAyKOBMIA CNiBPOBITHUK BigAineHHs pagia-
LiliHOT OHKOreMaTonorii Ta TPaHCMIAHTONOriT CTOBOYPOBUX
KNiTUH BigAiny rematonorii Ta TpaHcnnanTonorii, Inctutyt
KNniHiuHoi pagionorii HHLUPM, m. Knis

MapriHa 3058 BonogumupiBHa, kaHanaatT MeuyHMX Hayk,
3aBigyBay BigAineHHAM papiauiiiHoi rematonorii KNiHiku
HHLPM, m. Kuis
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