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E®EKTUBHICTb TEPAIIII IHTIBITOPAMU TUPO3MHKIHA3
MALIIEHTIB 3 XPOHIYHOIO MIEJIOITHOIO JIEMKEMIEIO, AKI
3A3HAJIN BIUVIMBY IOHI3YIOYOTI'O BUITPOMIHIOBAHHA
BHACJIJIOK ABAPIT HA YOPHOBMJIbCHKIN AEC

Meta. BuBuntn edekTuBHicTb Tepanii iHriGiTopamm TuposuHkiHas (ITK) nauieHTiB 3 XpOHiYHOW MienoifHo neut-
kemieto (XMJ1), siki 3a3Hanu Aii ioHi3ylYOro BUNPOMiHIOBAaHHA BHAcNifok aBapii Ha YopHobunbebkiit AEC, Ha nigcTaBi
AAHUX LMTOTEHETUYHOrO 1 MONEKYNAPHOTO MOHITOPUHTY.
Marepianu i metogu. 06cTexeHo 29 xBopux Ha XMJ1, y skux Oyno [OKYMEHTaNbHO MifTBEPKEHO HAABHIiCTb pafia-
uiitHoro BnanBy BHacnifok aBapii Ha YAEC. 3 Hux 20 nauieHTiB oTpUMyBanu Tepanito iMaTUHIGOM. [pyny NOPiBHAHH-
HA cknanu 103 nauieHTn 3 XMJ1 6e3 pagiauiiiHoro aHamHe3y, ki otpumysanu Tepanito ITK. JlocnigxyBanu yuutoreHe-
TUYHI Ta MONIEKYNAPHO-TEHETUYHI NOPYLWeHHsA B Ae6t0Ti 3aXBOPIOBAHHSA Ta Ha pi3HWx eTanax Tepanii ITK.
Pe3ynbrartu. Y nauienTis 3 XMJ1, w0 3a3Hanu BNiMBY iOHi3y040ro onpoMiHeHHs, B 1e6t0Ti 3aXBOPiOBaHHS He Oyno Bu-
ABNEHO 30iNblWEHHA YAaCTOTU MOSBM AOLATKOBUX XPOMOCOMHMX MOPYLEHb Ta 0COBAMBOCTEH PO3NOAINY 3a TMNAMM
BCR/ABL tpaHckpunTiB. MoBHy uutoreHetuyHy Bignosigb (MLUB) peectpysanu y 50 Ta 48,5 % nauieHTiB B rpyni cnoc-
TEPEXEHHA Ta KOHTPOJbHIN rpyni, BiANoBigHO. Benuky monekynapHy Bignosigs (BMB) BusHauanu y 20 % xBOpUX Ha
XMJ1, siki Manu B aHaMHe3i pagialiiHe onpoMiHeHHs iy 27,6 % BMNafkKiB nayieHTiB rpynu nopiBHAHHA. Halikpalyi pe-
3ynbTati gocarHenHs MNLUB i BMB BusBneHi y nauieHTiB 3 TepMiHOM nepeanikoBaHoCTi o 6 Mic, y AKKUX iMaTUHIO Bu-
KOpPUCTOBYBABCA AK Tepanis nepwoi niHii. Y nauientis 3 XMJ1 (onpoMiHeHUX i HEOMPOMiHEHMX), AKUM iMATUHIO Gyno
MPU3HAYEHO He Mi3Hile 6 Mic Bif NOYaTKy 3aXBOPIOBAHHSA, BUABNEHO BipOrifHO MEHLWY KiNbKiCTb BUNAAKiB NepBUH-
HOT pe3nCTeHTHOCTI [0 iMaTuHiby. Y nauieHTtie 3 XMJI, siki B aHaMHe3i Manu pagiauiiHuii BNAUB, BTOPUHHA pe3unc-
TEHTHICTb PO3BMBANAcs YacTile NOpPiBHAHO 3 rPyNot NOPiBHAHHA i cTaHoBUNA 25 %.
BucHoBKU. KniHiko-nabopaTopHWii MOHITOPUHT 3 ypaxyBaHHAM 4YacToTu focarHeHHs [LUB i BMB nokasas BUCOKY
etektusHicts ITK B nikyBaHHi xBopux Ha XMJ1, siki 3a3Hanu BNAUBY i0Hi3y04Oro BUNPOMiHIOBAHHS BHACTIAOK aBapii
Ha YAEC. MoaoBKeHHs CTPOKY nepeniikoBaHOCTI NPU3BOANUTL A0 3HMKEHHA edekTUBHOCTI Tepanii ITK Ta nigBuueH-
HA IMOBIPHOCTi PO3BUTKY NepBUHHOT pe3ncTeHTHOCTI. MauieHTn 3 XMJ1, ki B aHamHe3i matoTb pagiauiiiHuil BNauB, xa-
paKTepu3yloTbCs GiNbl YAaCTUM PO3BUTKOM BTOPUHHOT PE3UCTEHTHOCTI.
KnioyoBi cnoBa: xpoHiyHa MienoigHa neiikemis, ioHi3yloue BUNPOMiHIOBAHHS, iHFGITOPU TMPO3MHKIHA3M, LUTOreHe-
TUYHA TA MONEKYNAPHA BiANoBiAb, eEeKTUBHICTb NiKYBaHHS.
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The efficiency of tyrosine kinase inhibitor therapy in patients with chronic
myeloid leukemia exposed to ionizing radiation due to the Chornobyl nuclear
power plant accident

Objective. To study the efficiency of tyrosine kinase inhibitors (TKI) therapy in patients with chronic myeloid
leukemia (CML) exposed to ionizing radiation due to the Chornobyl NPP accident, based on the data of cytogenetic
and molecular monitoring.
Material and methods. 29 CML patients with confirmed radiation exposure due to Chornobyl NPP accident were
examined. Of these, 20 patients were treated with imatinib; 103 patients with CML without radiation history treat-
ed with TKI were a comparison group. Cytogenetic and molecular genetic disturbances before and on the different
stage of TKI therapy were analysed.
Results. Additional chromosomal abnormalities as well as special pattern of BCR/ABL transcripts were not revealed
in CML patients exposed to ionizing radiation. Complete cytogenetic response (CCR) was shown in 50 and 48.5 % of
patients from study and comparison group, respectively. Major molecular response (MMR) was achieved in 20 % of
patients with radiation exposure in anamnesis and in 27.6 % of patients from comparison group. The vast majority
of CCR and MMR was reached in patients with the pretreatment term up to 6 months, when imatinib was used as a
first line therapy. There were less cases of primary imatinib resistance in the same group of patients. In CML patients
who had a history of radiation exposure, secondary resistance developed more frequently than in the comparison
group and was 25 %.
Conclusion. Laboratory monitoring based on the registration of CCR and MMR demonstrated high efficiency of TKI
in the CML treatment of patients, exposed due to Chornobyl accident. Extension of pretreatment term leads to the
loss of TKI therapy efficiency and increases the likelihood of primary resistance. CML patients exposed to ionizing
radiation develop secondary resistence more often than CML patients without radiation exposure in anamnesis.
Key words: chronic myeloid leukemia, ionizing radiation, tyrosine kinase inhibitors, cytogenetic and molecular
response, treatment efficiency.
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BCTYII

XpoHiuHa MienoinHa aerikemiss (XMJI) — 3axBoproBaH-
HSI, SIK€ CYIIPOBOIKYETHCS IIOPYIICHHSIM IO3piBaHHS
TPaHYJIOLIMTIB i BUXOJOM MOJIOAMX PopM y Tiepudepud-
HY KpoB. [OJOBHOIO MaTOreHETUYHOIO IOJAi€l0, IO
MPU3BOAUTH A0 Po3BUTKY XMJI, € mosiBa TpaHcaoKallii
MixX 9-10 Ta 22-10 XpOMOCOMAaMH i, SIK HaCIiI0K, (popMy-
BaHHs JepuBaTHOI 22-1 xpoMocoMu (Tak 3BaHOi Dija-
Jenbdiricbkoi a6o Ph-xpoMocomm) Ta 3nutTs reHiB BCR
Ta ABL 3 mosiBoto xumepHoro reHa BCR/ABL. B ne6ioTi
3aXBOPIOBAHHSI XapaKTEePHOIO € HasiBHiCTh Ph-xpomoco-
Mu Yy 90—100 % KIIiTHUH KiCTKOBOrO MO3KY i/a00 BUCOKa
ekcrpecigs xumepHoro reHa BCR/ABL [1]. binok
BCR/ABL € akTuBHOIO TUPO3UHKIHA3010, 110 BUITAIAE
3-1IiJ1 BIUIMBY ME€XaHi3MiB, SIKi KOHTPOJIIOIOTh B HOPMi
akTuBHiCTb ABL-Tupo3uHkKiHaszu. Taki KIJITUHU, 110
BUMIIN 3-MiJ KOHTPOJIIO, MiABUILYIOTh CBOIO Mpoice-

INTRODUCTION

Chronic myeloid leukemia (CML) is a disease
with damage of granulocytes maturation and
release of young forms in the peripheral blood. The
main pathogenetic event leading to the develop-
ment of CML is the appearance of translocation
between chromosome 9 and chromosome 22 and,
consequently the formation of derivative chromo-
some 22 (the so-called Philadelphia chromosome
or Ph-chromosome) and junction of genes BCR and
ABL with the advent of fusion gene BCR /ABL. The
presence of Ph-chromosome in 90—100 % of bone
marrow cells and/or high expression of the fusion
gene BCR/ABL is typical for the disease debut [1].
Protein BCR/ABL is an active tyrosine Kkinase,
escaped the influence of the mechanisms that con-
trol activity of normal ABL-tyrosine kinase. These

) 242



ISSN 2304-8336. pobnemu pagiauiitHoi Meauumky Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2014. Bun. 19.

KJTIHIYHI

AOCNIAXKEHHA

paTUBHY aKTUBHICTb, MPU LIbOMY MPUTHIUYETHCS aroIl-
TO3, 3MEHIIYEThCS iX 3aJeXHICTb BiJ LIUTOKIiHIB, 3HU-
XKYETbHCSI KIIITUHHA aAre3is.

3aranpHonpuitHaToo Tepariero XMJI 3 2000-x pokiB
CTaJI0 BUKOPUCTAHHS CIIEM(IYHMUX iHTiIOITOPiB TUPO3UH-
kiHa3 (ITK), gka oTpuMana Ha3By LiJIECIpSIMOBAHOI, Y1
tapretHoi. Hig I'TK nos’sg3ana 3 TmM, 110 iMaTuHiO Me31-
nar (IM), npeacraBauk ITK 1-ro mokoniHHS, BOYIOBY-
eTbes 3aMicTh AT B ATP-3B’13y104y KUIIEHIO KiHA3HO-
ro nomeHa 6inka BCR/ABL, BHacminok yoro BCR/ABL-
TUPO3UHKIHA3A 3a/IMILAETHCS B HEAKTUBHOMY CTaHi i 0J10-
KYETbCS CUTHAJIbHUI NUISIX TIpoJiidepallii 370IKICHUX
kiituH [2]. EdextusHicTs Teparii IM myxe Bucoka — y
OUIBIIOCTI MALEHTIB BAAETHCS AOCITTU LIMTOT€HETUYHOI
pewmicii, a y 4aCTUHU — OTPUMATU TIOBHY MOJIEKYJISIDHY
Binnosiny (ITMB)..HenepeHocumicts IM 3ycTpivaeTbest
piaxo i 3a3Buyait He MOB’s13aHa 3 CEPIO3HUMMU, 3aTPOXKYIO-
YUMU KUTTIO No0iYHUMU eekTamu. [lokazaHa Han3BU-
YalfHO BHCOKa e(PeKTUBHICTh iMaTMHIOY B HM3Li OaraTo-
LIEHTPOBUX MAaCIITAOHUX JOCHimKeHb. Tak, micas 5 pokiB
Teparii iMaTMHIOOM eJliMiHallisi Ph-MO3UTUBHUX KJTITUH Y
KiCTKOBOMY MO3KY (MOBHA LIMTOr€HETWYHA BiAIMOBiIb —
[TLIB) 6yna nocsirnyta y 87 % mailieHTiB, a S-piuHe BYKH-
BaHHs 0e3 nporpecii 3axBoproBaHHs ckiiaino 93 % [3].

OpnHak, y yactTuHU XBopux 3 XMJI BigMidaeThcs Tep-
BUHHA Pe3UCTEHTHICTh 10 IM, TOOTO BiACYTHICTh Uy TI1-
BOCTi g0 mpenapaTy. TakoxX B XO[i JiKyBaHHSI B CUILY
PI3HUX MPUYMH MOXE PO3BUBATUCS BTOPUHHA PE3UC-
TEHTHICTb, 110 Pi3KO 3HUXKYE pe3yabTaTH L€l Tepartii.

V Takux BUNaaKax, iCHye npsiMe roKa3aHHs 1151 TPU3-
HayeHHS ITK 2-ro mokoJiHHS — HIJIOTUHIOY, IKWI aK-
TUBHIILIMI 3a iMAaTUHIO y IecATKHY pa3iB i B pa3i iioro 3ac-
TOCYBaHHSI MOX€ MiABUILIMTU pe3yJbTaTU JiKyBaHHS Yy
MNaLiEHTIB 3 PE3UCTEHTHICTIO 10 iMaTHHIOYy.

VY xainini HHIPM 3 2005 poky Oyno 3ammouyaTkoBaHe
BukopuctanHs ITK (imaTtuni0) nis repanii XMJI y ocio,
MOTepHiIMX BHACHimoK aBapii Ha YopHoowbehkiit AEC.
KiitTnHNM reMomnoe3y BBaXalOThCSI KPUTUIHUMU ITOITY-
JISILiSIMU 151 A1 i0HI3y104o01 pajialiii, TOMY JOCTiIKEeHHS
3aXBOPIOBAHb KPOBOTBOPHOI CUCTEMH Y OCi0, 1110 3a3Ha-
JIU BIUIMBY iOHi3yIOUOTO BUIPOMIHIOBaHHS, MPEACTaB-
Jisle ocobnuBuUid iHTepec. aHi MpoBeAeHOro CHibHOIO
MIXKHApOAHOTO JOCHiIXeHHs Mix HauioHaabHUM
inctutytoM paky (CIHA) i HHIIPM noka3zanu, 1110 ori-
pPOMiHEHHSI YYaCHWKIB JIiKBifallii HacJIiIKiB aBapii y
HU3bKUX A03aX, sIKi xapakTepHi 1 YopHOOMUIbCHKOL
aBapii, aCOLIIOETbCS i3 CYTTEBUM PU3UKOM 3POCTAHHS
KiILKOCTI  BUIMAAKiB  JielikeMmiit  miMdoigHOoi Ta
HenimdoinHoi mpupoau [4]. Kpim Toro, B psijii poOiT mo-
Ka3aHi 0cOOJMBOCTI MaTOreHe3y i rnepediry oHKoreMaTo-
JIOTIYHMX 3aXBOPIOBaHb y 0¢id gaHoi Koroptu |5, 6].

cells being out of control, increase their prolifera-
tive activity, reduce their dependence on cytokines,
reduce cell adhesion, and apoptosis is inhibited.

The use of specific tyrosine kinases inhibitors
(TKI) is a conventional therapy of CML since
2000s. It is known as focused or targeted. TKI
effect is caused by the fact that imatinib mesylate
(IM), a representative of Ist generation TKI,
builds into the ATP-binding pocket of BCR/ABL
kinase domain instead of ATP. As a result,
BCR/ABL-tyrosine kinase remains inactive and
signaling pathway of malignant cells proliferation
is blocked [2]. The efficiency of IM treatment is
very high — the majority of patients achieve cyto-
genetic remission, and some — get complete
molecular response (CMR). IM intolerance is rare
and usually not related to serious life threatening
side effects. Extremely high efficiency of imatinib
is shown in a number of large-scale multicenter
studies. So, after 5 years of imatinib therapy elim-
ination of Ph-positive cells in the bone marrow
(complete cytogenetic response — CCR) was
achieved in 87 % of patients, and 5-year survival
without disease progression was 93 % |[3].

However, in some CML patients lack of sensitiv-
ity to the drug or primary resistance to IM is
observed. Also for various reasons the secondary
resistance may develop during treatment. It
reduces the results of this therapy drastically.

In such cases, there is direct evidence for the use
of TKI of the 2nd generation — nilotynib. It is
more active than imatinib and can improve treat-
ment outcomes in patients with resistance to ima-
tinib.

Using TKI (imatinib) for the treatment of CML in
patients exposed to ionizing radiation due to the
Chornobyl NPP accident was initiated in NRCRM
in 2005. Since hematopoietic cells are considered to
be critical populations for the influence of ionizing
radiation, the study of hematopoietic system dis-
eases in individuals exposed to ionizing radiation is
of particular interest. The data of international joint
research between the National Cancer Institute
(USA) and NRCRM (Ukraine) showed that expo-
sure of the clean-up workers of Chornobyl NPP at
low doses that were the features of the Chornobyl
accident, is associated with a significant risk of
increased incidence of lymphoid and non-lymphoid
leukemias [4]. In addition, a number of studies show
specifics of pathogenesis and course of hematologic
disease in patients from this cohort [5, 6].
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META

MeTtoro Hamoi poboTu OyJi0o BUBYEHHST €(EeKTUBHOCTI
tepanii ITK nmauienTiB 3 XMJI, siki 3a3Ha1u 1ii i0Hi3y10-
yoro BUIIPOMIHIOBAaHHSI BHacCJigokK aBapii Ha YopHo-
omnbcbkiit AEC, Ha mijacTaBi JaHUX LIUTOTEHETUYHOTO i
MOJIEKYJISIPHOTO MOHITOPUHTY.

MATEPIAJIN 1 METOJIN

O0’€eKT TociKeHHs

Oo6cTexeHo 29 nauieHTiB, y IKUX OYJ10 BCTAHOBJICHO Jliar-
HO3 XMIJI i goKyMeHTaJbHO MiATBEPIKEHO HasIBHICTb
panianiiiHoro BIiMBYy BHacinok aBapii Ha HAEC. Cepen
obcrexkeHnx 16 oci6 OyaM yJacHMKaMu JIiKBimallii
HaciigkiB aBapil Ha YAEC y 1986—1988 pp., 6 — eBaky-
iioBaHi y 1986 p. i 7 — XuTeni 30HU MOCUIICHOTO paioe-
KOJIOTIYHOTO KOHTpoJto. JiarHo3 OyJ0 BCTAHOBJIEHO Y
BimgieHHi pamialiiHOI OHKOreMaToJIOTil i TpaHCILIaH-
Talil cTOBOYpOBUX KIITWUH IHCTUTYTY KJIiHIYHOI pamio-
sorii HHIIPM, 6Ga3yrouuch Ha pe3yjbTaTax KiiHiKo-Te-
MAaTOJIOTIYHUX, a TaKOX LIUTOIeHETUYHUX i MOJEKYJIsIp-
HO-TE€HETUYHMX OOCiIKeHb. MeaiaHa BiKy MallieHTiB
ckiagana 45 pokis (Bim 29 no 69 pokis). I3 Hux 16 4o-
JIOBIKiB (55 %) i 13 xxiHoK (45 %). Y 26 naiuieHTiB Ha MO-
MEHT OOCTEXXEHHSI BCTAHOBJIEHO XPOHIYHY (ha3y 3axBO-
proBaHH#, Y 1 mauieHTa — ha3y akcenepariii iy 2 — ¢asy
0J1aCTHOI KPU3U 32 MIi€JIOTTHUM TUIIOM.

Cepen 29 obcrexxeHux nauieHTiB 3 XMJI, ski 3a3Hanm
Jii ioHi3yl0ouoro BUIIpoMiHIOBaHHS, 20 MallieHTiB OTpU-
myBanu Tepario ITK B pamkax mporpamu “IlpaBo xu-
TU”, iHIli albTepHAaTUBHY Teparnii. CTapToBa cTaHIapT-
Ha go3a iMaTuHiOy ckiamana 400 Mr Ha 700y, Y BUMNIAgKy
BiZICYTHOCTI BiAIOBiAi, CyOONTUMAaIbHOI BiAIoOBiAi abo
BTpaTH TOCSITHYTOI IIMTOTEHETUYHOI Y1 MOJICKYJISIPHOI
BimmoBigeit Ha 6—12-My MicsLi JiKyBaHHsI, 103y IIpeIia-
pary 30iabwyBaad 10 600—800 mr Ha nod6y. Y 10 ocib
iMaTUHIO BUSIBUBCS Hee(EeKTUBHUM i BOHU OYJIM Tepe-
BedeHi Ha gikyBaHHS I'TK 2-ro mokoyiHHS — HiJIOTHUHIO
y 103i 800 Mr Ha 100Y.

Ipyny mopiBasHHHSA cknanu 103 mamienTn 3 XMJI 6e3
panianiifHoro aHaMHe3y, sIKi oTpuMyBaiu Teparito ITK i
3HAXOMWIUCH TIiJl HATJSAOM Yy BiIiJIEHHI pamialiiiHoOl
OHKOIeMaToJIorii i TpaHCIUIaHTallil CTOBOYPOBUX KJIITUH
Inctutyty KiiHiuHo1 pagiojorii HHIITPM.

IMuroreneTnyHmii aHAII3

s HUUTOreHeTUYHOrO AOC/IIKEeHHS aHatizyBaiu 1o 20
MeTada3HUX TIACTUHOK, OTPUMaHUX Y 24-TOIWHHII Hec-
TUMYJIbOBaHIN KyJBTYpi KJIITUH KiCTKOBOTO MO3KY 3 IO-
JanpliuM audepeHuianbHuM G-3a0apBiaeHHIM. [aeH-
TUQIKAL[II0O XPOMOCOM TMPOBOAWIN 3TiAHO 3 KPUTEPisIMU
“MixXHapOAHOI CUCTEeMU 11 HOMEHKJIaTypU Y LIMTOreHe-

OBJECTIVE

The purpose of our study was to investigate the
efficiency of TKI therapy for patients with CML
exposed to ionizing radiation due to the
Chornobyl accident, on the basis of cytogenetic
and molecular monitoring data.

MATERIALS AND METHODS

The object of the study

The study involved 29 patients who were diag-
nosed with CML and confirmed presence of radi-
ation exposure due to the Chornobyl accident.
Among the patients, 16 persons were clean-up
workers in 1986-1988, 6 persons were evacuated
in 1986 and 7 were the inhabitants of the zone
with enhanced radiation control. The diagnosis
was established in the Department of Radiation
Hematology and Stem Cell Transplantation of
NRCRM on the results of clinical, hematological,
cytogenetic and molecular genetic examinations.
The median age of patients was 45 years (from 29
to 69 years). Of these, there were 16 men (55 %)
and 13 women (45 %). At the time of the survey 26
patients had chronic phase of the disease, 1
patient — the acceleration phase and 2 — myeloid
blast crisis.

Among the 29 studied patients with CML
exposed to ionizing radiation, 20 patients were
treated with TKI within the framework of the pro-
gram “The Right to Live” and others used alterna-
tive therapy. Starting standard dose of imatinib was
400 mg per day. If there was no response, subopti-
mal response or loss achieved cytogenetic or
molecular responses in 6—12 months of treatment,
the dose was increased to 600—800 mg per day. In
10 people imatinib was ineffective and they were
shifted to the treatment with 2" generation TKI —
nilotynib at a dose 800 mg per day.

Comparison group was created from 103 patients
with CML without radiation history who were
treated with TKI and were under the observation
in the Department of Radiation Hematology and
Stem Cells Transplantation of NRCRM.

Cytogenetic analysis

For cytogenetic study 20 metaphase plates
obtained from 24-hour unstimulated culture of
bone marrow cells were analyzed and followed by
G-banding. The identification of chromosomes
was performed according to the criteria of the
“International System for the range of human
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tuti sroauHu — 2013” (ISCN). BpaxoByBaiu TUTbKM KJIO-
HaJbHi MOPYILIEHHSI — Ti, KOTPi MOBTOPIOIOTHCS Oiblie
IBOX pasiB Ha 10 mpoaHasizoBaHMX TIacTUHOK. KUtoH i3
BTPATOI YU JIOJATKOBOIO XPOMOCOMOIO BpaxOBYBaJIU
TTBKM 32 HASIBHOCTI MiHiIMYM TPbhOX KJIiITWH 3 OAHAKOBUMM
KiJIbKiCHUMM TTopylueHHsIMuU 3 10 mpoaHanizoBaHux [7].

MOJIEKYJIAPHUM AHAJII3
MonekynsipHO-TeHeTUYHE AOCIIIKEHHS TTPOBOIUIN
METOJIOM SIKiCHOI i KiJIbKiCHOI 3BOPOTHBOTPAHCKPUIITA3-
HOi moximMepa3Hoi maHmoronoi peaxiii (3T-T1JIP).
Sxicuy 3T-TTJIP BukoHyBanu Ha KJIiTHHAX KiCTKOBOTO
MO3KY i meprdepuyHOi KpOBi Ha eTalli MIEPpBUHHOI Aiar-
HOCTUKM [JI BHU3HAUYECHHS THUIIy TpPaHCKpHIITA
BCR/ABL. PHK Buminsiu 3a MeTogukow XOMUYMHCh-
KOTo 3 BUKOPUCTAHHSIM TyaHiIMHTioLiaHAaTy, (beHOJy i
xsiopodopmy. 1151 3BOPOTHOI TPaHCKPUTILLii BAKOPUCTO-
ByBaJlM TekcaMepHi mpaiimepu i M-MuLV peBeprasy
(Fermentas, JlatBisg). PexwuMu iHKyOalii BigmoBigain
pexoMmeHaauisM ¢ipMu-BupodHUKa. KoHTposb oTpu-
maHoi kJIHK 3niiicHioBanu merogom ITJIP 3 mpaiimepa-
mu 1o reHy ABL. 3pasku K IHK, s1Ki Oyi1u HeraTUBHUMU
B KOHTPOJIBHOMY TE€CTi, BUKJIIOYAJINCh 3 IONAJIBIIOTO
ananizy. [nizgoBy 3T-I1JIP npoBoaunu 3 mpaiimMmepamu
1o reny BCR/ABLp2101 BCR/ABLp 190y BinnoBigHOCTI
IO TIPOTOKOJY, PEKOMEHIOBAHOTO €BPOIIEHCHKOIO MPO-
rpamoio BIOMED-1 “JlocaimkeHHs MiHiMaJIbHOI pe31-
JIyalbHOI XBOPOOU MPU TOCTPUX JECUKEMIsIX: MixKHAPOJI -
Ha cTaHmapTM3alisd i KiiHiyHa ouinka”. ITJIP-mpoxykT
BizyatizyBaiun y 2 % araposHomy redi [8—9].

MouiekyasipHUIT MOHITOPUHI IIPOBOAUIU METOIOM
KkinbkicHoi 3T-TIJIP y mauientiB 3 XMJI, gki oTpumy-
Banu Tepanito ITK. Buninenns PHK 3 kiituH nepu-
¢depuuHoi Kponi i cunTe3 KJIHK 3nilicHioBanu Buileo-
nucanumM crocodoMm. g xinbkicHoi 3T-TTJIP Buko-
PUCTOBYBaJM KOMEPUIMHUI HaOip M1 BU3HAYCHHS
piBHs1 exkcnpecii reHy BCR/ABLp210 (Nanogen,
Itanisg). MonaekyasgpHy BiANOBiAb OLIHIOBAIM 3a
CHiBBiIHOLIEHHSIM KiJIbKOCTI Komiit reHy BCR/ABL no
KiJIBKOCTi Komiil TeHy ABL, BUpaXXeHUM y BiACOTKax.
Pe3ynabraT BBaxkanu OOCTOBIpHMM, SIKIIO KiJbKiCTh
KOTIIiii KOHTpOJbHOTO reHy ABL Oyna He meHuue 10 000
[10].

Ouninka Bianosigi

Binnosiab Ha Tepamio BUZHAYAIM 3TiIHO 3 KPUTEPISIMHU,
PEKOMEHIOBaHUMU €BpPOIICHCHKOIO TPyIo0
LeukemiaNet (ELN): remaTosioriuyHy, IUTOTEeHETUYHY i
MoJieKyasipHYy Biamnosigi. IToBHOIO TreMaToOJOriYHOIO
Binnosigmo (I11'B) BBaxanu HopMati3allito MOKa3HUKIB
KpOBI i BIICYTHICTh O3HAK €KCTpaMeayIIpHOIO YpaKeH-

cytogenetics-2013” (ISCN). Only clonal alter-
ations — repeated more than twice in 10 analyzed
plates — were taken into account. Clone with loss
or extra chromosome was recorded only if at least
three cells with the same numerical alteration of
the 10 analyzed were present [7].

THE MOLECULAR ANALYSIS
Molecular genetic exsamination was carried out
using qualitative and quantitative revers-transcrip-
tase polymerase chain reaction (RT-PCR).
Qualitative RT-PCR was performed on bone mar-
row and peripheral blood at the stage of initial diag-
nosis to determine the type of transcript
BCR/ABL. RNA was isolated by the Homchynskiy
method using guanidynthiocyanat, phenol and
chloroform. For reverse transcription using hek-
samer primers and M-MuLV revertase (Fermentas,
Latvia). The incubation regimen meet the require-
ments of the manufacturer. Control of cDNA was
obtained by PCR performed with primers to the
gene ABL. DNA samples that were negative in the
control test, were excluded from further analysis.
Nested RT-PCR was performed with primers to
the gene BCR/ABLp210 and BCR/ABLp190
according to the protocol of the European BIO-
MED-1 program “Investigation of minimal resid-
ual disease in acute leukemia: international stan-
dardization and clinical evaluation.” The PCR
product was visualized in 2 % agarose gels [8—9].
Molecular monitoring was performed by quanti-
tative RT-PCR in patients with CML who were
treated with TKI. RNA isolation from peripheral
blood cells and the synthesis of cDNA was carried
out by the method described above. A commercial
kit for determining the level of expression of the
gene BCR/ABLp210 (Nanogen, Italy) was used for
quantitative RT-PCR. The molecular response
was assessed by the ratio between the number of
copies of the gene BCR/ABL and gene copy num-
ber of ABL, expressed as a percentage. The result
was considered significant if the number of copies
of the control gene ABL was 10,000 [10].

Assessment of response

Therapy response was determined according to
the European Group Leukemia Net (ELN) rec-
ommendation: hematologic, cytogenetic and
molecular responses. The complete hematologi-
cal response (CHR) is the normalization of
blood and no evidence of extramedullary lesion.
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Hs. BigcyTHicTe Ph-TIO3UTMBHUX KIIITHMH Y KiCTKOBOMY
MO3KY PO3LIHIOBAIM SIK TIOBHY LIMTOI€HETUYHY BiAMOBiIb
(ITLIB). Bemmkoio MomekynsgpHoo Bimmosimmio (BMB)
BBaXKau, 3TigHO 3 pekoMeHaaiisMu LeukemiaNet, pi-
BeHb ekcrpecii BCR/ABL mennre 0,1 %. Llutorenerny-
He MOCIiI)KeHHS MPOBOAMIIM ITiJl YaC BCTAHOBJIEHHS [li-
arHosy, a Takox Ha 6, 12, 18, 24-my Micausax Teparrii
ITK, a B moganbpiiomMy o0CTesKeHHS ITPOBOAMIIOCS KOXHI
12 MmicsauiB. MoseKyasipHY BiIIOBib OLIiHIOBAIN Yepe3
KOXHi 3 Micsli Mmics TOCATHHEHHS TTOBHOI LIMTOTeHEe-
TUYHOI Bignosiai [11].

[lepBuHHY pe3UCTEHTHICTh BM3Hayalu yepe3 6
MicSLiB $K BIiICYTHICTb BEJMKOI ILUTOreHEeTUYHOI
BimoBiai Ta/a6o piBeHb TpaHckpunty BCR/ABL > 10 %,
yepe3 12 micsamiB — sk BincytHicTs I11IB Ta/abo piBeHb
tpaHckpunty BCR/ABL > 1 %. BropuHHOIO pe3uc-
TEHTHICTIO BBaXKaJlM BTPATy JOCSATHYTOI ITOBHOI reMaTo-
JIOTIYHOI, IMTOTEHETUYHOI i/a00 BeJTMKOI MOJICKYJIIPHOI
BIAIMOBiAI YM IPOTpeciro 3aXBOPIOBAHHS IIiJ 4yac JIKy-
BanHg ITK [11].

CraTucTHyHMIA aHATI3

Y 3B’513Ky 3 HEBEJIMKOI0 OCHOBHOIO TPYIIOIO CIIOCTEpe-
JKEHHS, BiICYTHICTIO BUMAAKIiB CMEPTi i MPOrpecyBaHHS
3axBOpIOBaHHsA 3a yac JikyBaHHs ITK, mokasHuku 3a-
raJpHOTO BWXKMBAHHS i BMXKMBAHHS Oe3 mporpecii He
aHaJlizyBaiu. Pi3HUIIIO MiXK TTIepeMiHHUMU OLIiHIOBAJIU 3a
J0TIOMOT010 ) 2-TecTy. CTaTUCTUYHY 00pPOOKY JaHUX MPO-
BOAMJM 3 BUKOPUCTAHHSIM CTaTUCTUYHOTO TIAKETY
STATISTICA 6.0 Ta Tabuuip Exel.

PE3VJIBTATU TA OBTTOBOPEHHS
3arajibHa KJIiHiYHa XapaKTepUCTUKA I'PYNU MallieHTiB Ha
MOMEHT AiarHocTMku XMJI HaBeaeHa B TabJI. 1.

VYV Bcix naui€eHTiB B pe3yJibTaTi LIUTOT€HETUYHOTO
JOCIiIKeHHsT Oy/no BUSABIEHO crienudiyny mas XMJI
TpaHcaokaiito t(9;22)(q34;q11) (Ph-xpomocomy). Kijb-
kicth Ph+ kTl xonusaiack Bix 42 no 100 %. Y nepe-
BaxkHOTO 4ucia nauieHTiB (90 %) kiabKicTh Ph+ Mera-
(as nepeBuiyBana 75 %. Y 3 nauienriB (10 %) Ha doHi
TpaHchaokauii t(9;22) Oyiu BUSBIEHI HOJATKOBI KJIO-
HaJIbHi XpOMOCOMHi TTOpPYILLIEHHSI.

OnuH 3 MalieHTiB MaB YMCJICHHI MOPYIIEHHS KapioTH-
My — JepuBaTHY 9-Ty XpoMocoMmy, Jejellil0 KOPOTKOro
ruieda 10-1 xpomocoMM Ha piBHiI cerMeHTy pl1.2, nonar-
KoBi 8-my i 15-ty xpomocomu. Kapiotum: 46~48 XY,
der(9)t(q21;7)[19],del(10)(p11.2)[19],t(9;22)(q34;q11)|8],
+8[3],+15[9]|cp19].

Ille y onnoro nauieHTa 50 % Mertadas 3i cTaHIapTHOIO
TpaHciaokauiero t(9;22)(q34;ql1) manmum m0AaTKOBY
CTPYKTYPHY aHOMAaJIil0 y BUTJISIAIL JeJiellil JOBIoro mnjedya

Lack of Ph-positive cells in bone marrow was
considered as a complete cytogenetic response
(CCR). Major molecular response (MMR) accor-
ding to LeukemiaNet recommendation is the
ratio of BCR/ABL less than 0.1 %. Cytogenetic
examinations were performed at diagnosis and at
6, 12, 18 and 24 months of TKI therapy, and fur-
ther examination was carried out every 12 months.
The molecular response was assessed every 3
months after achiving complete cytogenetic
response [11].

Initial resistance was determined after 6 months
of therapy as the absence of major cytogenetic
response and/or the level of transcript BCR/ABL >
10 %, after 12 months — a lack of CCR and / or
level of transcript BCR/ABL > 1 %. Loss of hema-
tologic, cytogenetic and / or major molecular
response or disease progression during TKI treat-
ment was considered to be the secondary resist-
ance [11].

Statistical Analysis

Due to the small main group, lack of cases of
deaths and no disease progression during the
TKI treatment, data of overall survival and pro-
gression-free survival was not analysed. The dif-
ference between variables was assessed using y2-
test. Statistical analysis was performed with
Statistical Package STATISTIKA 6.0 and tables
Exel.

RESULTS AND DISCUSSION

General clinical characteristic of the patient group
at the time of CML diagnosis is summarized in
Table 1.

As a result of cytogenetic analysis, CM L-specific
translocation t(9;22)(q34;q11) was found in all pati-
ents. The number of Ph+ cells varied from 42 % to
100 %. The vast majority of the patients (90 %) had
Ph+ metaphases in over 75 %. Three patients (10 %)
had other clonal chromosomal aberrations in addi-
tion to the t(9;22) translocation.

One of the patients had numerous karyotype aber-
rations including derivat chromosome 9, deletion of
the p-arm in the chromosome 10 at the segment
pll1.2, additional chromosomes 8 and 15. Karyo-
type: 6~48,XY,der(9)t(q21;?)[19],del(10)(p11.2)[19],
1(9;22)(q34;q11)[8],+8[3],+15[9][cp19].

Another patient had an additional structural
abnormality like gq-arm deletion in chromosome
11 at the segment ql4 in 50 % of metaphases.
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11-i xpoMocomu Ha piBHi cermeHTa ql4. Kapiotum:
46,XY,t(9;22)(q34;q11)[10]/idem, del(11)(q14)[10].

B onHoMy Bumaaky y naiuieHTa Oyjau MpUCyTHI KJIITH-
HU 3 gopaTkoBoio Ph-xpomocomoro i iioro kapioTun
BurisimaB Tak: 46,XX,t(9;22)(q34;q11)[18]/idem,+
der(22)t(9;22)[2].

IIpoBeneHuit aHali3 mokKa3aB BiICYTHICTb JOCTOBIpHOI
PI3HMIII 32 YaCTOTOIO MOAATKOBUX XPOMOCOMHUX IIOPY-
IIIeHb B JOCIIIKYBaHii i KOHTPOJIbHIN rpynax (3 3 29 Bu-
majkiB i 6 3i 103 BUIIaAKiB BiAMOBIAHO).

MounekyaspHe nochimkeHHst y 21 nauienra (74 %) 3
TPYIIM CIOCTEepeXXEeHHS BUSIBUIO eKcIpecilo b3a2
BCR/ABL TpaHCKpUIITY, a €KCIIPECil0 TpaHCKPUMTY
b2a2 — y 8 mauieHTiB (26 %). Po3nonin yactoTy TpaH-
CKPUIITIiB HE€ BiApi3HSIBCSI B NOCHIIXKYBaHilA Ta KOHT-
ponbHiil rpymax. IlepeBaxkaHHs TpaHcKpunTa b3a2 B
IpyIIi 0ci6 3 pamiauiiHum aHamHe3oM (74 % tipotu 67 %
B KOHTPOJIbHIl TpyIli) HE € CTaTUCTUYHO 3HAUYLIUM i
MMOBIpHO TOB’SI3aHE 3 HEBEJIMKMUM YMCJIOM CIIOCTEpe-
JKEHb.

20 Mmaii€eHTiB 3 TPYNU CIIOCTEPEKEHHS, KOTPi 3HAXOIU-
JIUCSI Ha Teparil iMaTUHIOOM, B SIKOCTi MOIEpPEeAHbOrO
JIIKyBaHHSI OTPHMMYBAJIN TiIPOKCHUCEUOBUHY, iHTep(pEPOH.
Meniana nepemtikoBaHOCTI cKiagaia 12 micsuis (Bim 0,5
no 118 micswiB). Tiabku y 6 TAliEHTIB iMaTUHIO OyiI0
MPU3HAYEHO MPOTITOM IEPIIMX 6 MICSLIiB BiI MOMEHTY
BCTAHOBJICHHS 3aXBOPIOBAHHS, BilIMOBIAHO 1O BUMOT
craHgapTiB Teparrii. [ToloBMHA NallieHTIB MaJjia repiof Ie-
peuTikoBaHOCTI Bim 6 mo 36 MicsiiiB. ¥ 4OTMPHOX Malli-
€HTIB MOMEepPENHE JIIKyBaHHSI 3 BKIIOYEHHSIM TiIpOOKCHUce-
YOBMHHU, iHTEpdEpOoHyY TpuBaio Bia 49 no 118 micsuis.

KontponbHa rpymna BiAmnoBigaia JOCHiIXyBaHill 3a
CTaTTIO, BiKOM, KJIiHiIKO-IreMaTOJIOTIYHUMU XapaKTepuc-
THUKaMK1 Ha MOMEHT BCTaHOBJICHHSI HiarHO3y. BpaxoByio-
Y1 Te, 0 Ha epeKTUBHIcTh Teparii I'TK Benmkuii Brus
Mae€ TpyIma pu3uKy 3a Kputepismu Sokal mim yac Bcra-
HOBJIEHHSI JiarHO3y Ta TPUBAIICTb MEPeaIiKOBAHOCTI,
KOHTpOJIbHA TIpyna Oyjga cdopmoBaHa MOAIOHO 10
JOCITiIKyBaHOI rpyru (Tad. 1).

MakcumanbHa TPUBAJIICTh CIIOCTEPEXKEHHS 3a Talli-
eHTamu, mo orpumytoth ITK, ckmama 101 mic (rpyma
CIOCTEPEXEHHS) MPU MeldiaHi TPUBAJIOCTI JIIKyBaHHS
40 wmic. TpwBamicTh JIiIKyBaHHS iMaTUHIOOM, y TOMY
yuci B 1031 600—800 mr/mo0y, ckiamana Bia 5 10 94 mic
(Me 29 wmic). decarp namienTiB (50 %) mocmimkyBaHOL
rpynu Oyau mepeBedeHi Ha JikyBaHHsS ITK 2-ro mo-
KOJIiHHS (HIJIOTUHIO) Yy 3B'I3KY 3 PO3BUTKOM pPE3HCTe-
HTHOCTI A0 imMaruHiOy. MeniaHa TpuBajOCTi IoOIe-
penHbOoi Teparii iMaTWUHIOOM y Wil Tpymi MaIli€eHTiB
ckiana 36 mic (Big 5 mo 94 mic). [MauieHTH, SKi OTpUMY-
BaJI1 HUIOTUHIO, 3HAXOIMJIMCH MiJl HAIVIIAOM Bin 4 1o

Karyotype: 46,XY,t(9;22)(q34;q11)[10]/idem,
del(11)(q14)[10].

In one case there were cells with additional Ph-
chromosome. The patient’s karyotype was:
46,XX,t(9;22)(q34;q11)[18]/idem,t+der(22)
t(9;22)[2].

Statistical analysis revealed absence of statistical
significance in the rate of additional chromosomal
anomalies between the studied and control groups (3
out of 29 cases and 6 out of 103 cases respectively).

Molecular analysis demonstrated expression of
b3a2 BCR/ABL transcript in 21 patients (74 %) and
expression of b2a2 transcript in 8 patients (26 %) of
the studied group. The distribution of transcript
does not differ between the studied and control
groups. Higher rate of b3a2 transcript expression
in the group with radiation anamnesis (74 %
against 67 % in control group) is not statistically
significant and is most likely related to the low
number of observations.

Twenty patients from the study group, treated
with imatinib, were pre-treated with hydrox-
yurea, interferon. The median of the pre-treat-
ment period was 12 months (from 0.5 to 118
months). Only 6 patients had imatinib prescribed
within first 6 months after CML diagnosis, which
is the time interval according to the therapy stan-
dard. Half of the patients had a pre-treatment
period from 6 to 36 months. Four patients were
pre-treated with hydroxyurea, interferon for 49 to
118 months.

Comparison (control) group was matched to the
studied group by sex and age as well as clinical and
hematologic characteristics at the time of diagno-
sis. Considering the fact that the risk group
according to Sokal criteria and the length of pre-
treatment both have a significant effect on the effi-
ciency of TKI therapy, control group was formed
to be similar to the studied group (Table 1).

Maximum time of the follow-up for patients
with TKI treatment was 101 months (study group)
with the median length of treatment of 40 months.
Duration of imatinib treatment including treat-
ment with doses 600—800 mg/day was from 5 to 94
months with the median of 29 months. Ten
patients of the study group (50 %) were transferred
into the second generation TKI (nilotinib) therapy
due to the development of resistance to imatinib.
The median of imatinib pre-treatment in this
group was 36 months (range from 5 to 94 months).
The patients with nilotinib therapy were observed
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Ta6auusa 1

Mnowi nig kpuBumu 3 95 % poBipuMmK iHTepBaNnamu

Table 1

3arasibHa XapaKTepucTUKa nauieHris 3 XMJI

Xapakrepucruka

Mauientn 3 XMJ1 / patients with CML

Characteristics

ki 3a3Hanu BUIMBY iOHI3YIO40r0
onpomiHeHHs B pe3ynbTaTi aBapii Ha YAEC

0e3 papiauiiiHoro aHamHe3sy
(koHTpOnbHa rpyna)

exposed to ionizing radiation after
Chornobyl NPP accident (study group)

no exposure to ionizing radiation
(control group)

Bcboro / total (n) 29 103
KinbkicTb navieHTiB, Lo OTpUMYIOTb Tepanito ITK (n) 20 103
Number of patients treated with TKI (n)

Cratb / gender, n (%)

Yonogiku / male 16 (55) 52 (50)
XiHku / female 13 (45) 51 (50)
Bik Ha MOMEHT AjarHOCTVKM 3aXBOPIOBaHHS!, MefliaHa, POKM (AianasoH) 45 (29-69) 42 (17-70)
Age in years at the diagnosis, median (range)

CnneHomerania / splenomegaly, n (%) 14 (48,27) 91 (88,35)
l'enatomeraniq / hepatomegaly, n (%) 12 (41,38) 67 (65,05)
Axemisi / anemia , n ( %) 13 (44,83) 78 (75,73)
TpombouuTo3 / trombocytosis, n (%) 15 (51,72) 83 (80,58)
lnepneiikoumTo3 / hyperleukocytose, n (%) 29 (100 %) 103 (100 %)
Sokal

Hu3bkuii puauik / low risk 49,5 52,5
MpomixHuin pusmk / intermediate risk 25,5 26,5
Bucokuin pusuk / high risk 25,0 21,0
®aza 3axsopioBaHHs / phase of the disease

XpoxiyHa daza / chronic phase, n 26 93
(dasa akcenepauii / acceleration phase, n 1 10
bractHa kpusa / blast crisis, n 2 -
HasiBHICTb 10AATKOBIX XPOMOCOMHMX aHOManii, n (%) 3(10) 6 (6)
Presence of additional chromosomal abnormalities, n ( %)

BCR/ABL tpanckpunt / BCR/ABL transcript

b3a2, n (%) 21 (74) 69 (67)
b2a2, n (%) 8 (26) 34 (33)
Yac go noyatky Tepanii iMaTMHiOOM, MepiaHa, Mic. (giana3soH) 11,9 (0,5-118) 10,6 (0,6—114)
Duration of pretreatment before imatinib, months, median (range)

MeHwe 6 mic / less 6 month, n 6 28
6-36 mic / month, n 10 50
BonbLue 36 mic / more 36 month, n 4 25

51 mic (Me 16 mic). Tpusainicts teparnii ITK y KoHT-
pOJIbHIN TpyITi Oyia momiOHa Takiil y TpyIi criocTepe-
XKeHHs (Tab. 2).

AHaJni3 pe3yJbTatiB Teparii iMaTUHIOOM 3a 4acTOTOIO
JIOCSITHEHHSI TeMaTOJIOTIYHOI, IIUTOreHeTUYHOI 1 MoJIe-
KyJISIpHOI BiJNOBiJeil TOKa3aB OJHAKOBY 3aKOHOMip-
HICTh K B JOCJiIKyBaHili, TaK i B KOHTPOJIbHII rpynax
(Tabum. 3).

B rpyni nauieHTiB, siKi 3a3Hajd BIUJIMBY 10Hi3yHOUOTO
BUIIPOMiHIOBaHHS BHacainok aBapii Ha YAEC, a Takox
B KOHTPOJIbHIii TpyIli MOBHOI reMaToJIOTiYHO1 BiAMOBii
OyJ10 MOCSTHYTO Ha 3-¥i Micslb BiJl TOYATKy Teparlii ima-
tiHiIOOM y 100 i 98 % BuUITanKiB BiAMOBIAHO.

for 4 to 51 months with the median follow-up of 16
months. The time of TKI therapy in control group
was similar to that of the study group (Table 2).

Analysis of the imatinib therapy results by the
frequency of hematologic, cytogenetic and
molecular responses demonstrated the same pat-
terns in both studied and the control groups
(Table 3).

In group of patients exposed to ionizing radia-
tion and in control group a full hematologic
response was reached during the tree months of
imatinib therapy in 100 and 98 % of patients
respectively.
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Ta6auuysa 2

TpuBanicTb cnocTepekeHHA 3a NauieHTamu, AKi oTpumytoTb Tepanito ITK

Table 2
Time of the follow-up of patients with TKI therapy

Xapakrepucruka

Nauientn 3 XMJ1 / patients with CML

Characteristics

ki 3a3Hanu BJIMBY iOHI3YyIO40r0
onpomiHeHHs B pe3ynbTaTi aBapii Ha YAEC

0e3 papiauiiiHoro aHamHe3sy
(koHTpOnbHA rpyna)

exposed to ionizing radiation after
Chornobyl NPP accident (study group)

no exposure to ionizing radiation
(control group)

MegiaHa Tpusanocri Tepanii ITK, Mmic (ajanasoH) 40 (6-101) 41 (6-82)
Median length of TKI therapy, month (range)

MepjaHa TpuBanocTi Tepanii iMaTMHIOOM, MiC (ajanasoH) 29 (5-94) 33 (6-82)
Median length of imainib therapy, month (range)

MepjaHa TpuBanoCTi Tepanii HINOTUHIBOM, MiC (njanasoH) 16 (4-51) 18 (3-45)

Median length of nilotinib therapy, month (range)

IToBHY IMTOreHETUYHY BiAIOBiab peecTpyBain y 50 Ta
48,5 % TalieHTIB B IPYIIi CIIOCTePEXXEHHS i KOHTPOJIbHII
TPyIIi BianoBigHo. Beanky MoneKynsipHy BilNoBigb BU3-
Havyamu y 20 % BumajakiB y xBopux Ha XMJI, sKi Manu B
aHaMHe3i pajialiiiHe onpoMiHeHHs iy 27,6 % BUIankiB
MAali€HTIB KOHTPOJBHOI TPYITH (BiIMiHHOCTI HE € CTaTHUC-
TUYHO 3Hauylumu). Haiikpaiiii pe3yasraTyd J1OCSTHEHHS
IIIIB i BMB BusBieHi y MHali€HTIB 3i CTPOKOM Iie-
PeIIiKOBAHOCTI 10 6 Mic (TUX, Y KOTpUX iMaTUHIO 3aCTO-
COBYBAJIM SIK Teparriio mepinoi JiHii). B KoHTpombHii
TPYIIi CTATUCTUYHA 3HAYYIIICTD BiIMiHHOCTe ! Maia Miclie
SIK TTIPY TTIOPiBHSIHHI 3 TPYIIOIO MALIiEHTIB, SIKi OTPUMYBAJIU
MOIEepeTHE JIIKYBAHHSI MPOTATOM 6—36 MicsliB, TaK i 3
rpynolo, 110 Maja iCTopito nepeiliKyBaHHS OUIbIIe HixX
36 micsuiB. Cepes nalLi€HTIB 3 pamiallilHUM aHAMHE30M,
SIKi OTpMMYBaJIM TIOTNEPEIHIO TEpaIlilo iHIIMMU TIperapa-
TaMU MEHIIIE HiXX 6 Mics1IiB, BipOTiIHO YacTillle BOaBajIo-
csa nocartu [1LIB Ta BMB (p < 0,05). OngHak HeBennka
YHCeJIbHICTh JOCTiIKYyBAaHOI TPYITM HE NO3BOJIMJIA OTPU-
MaTy CTaTUCTUYHO 3HAUYILi pe3yabTaTu Y IMiArpymnax.

s TOpiBHSIHHSI ~OMHAMiKM JOCSTHEHHSI OMNTH-
MaJbHOI BiaIoBiai B 000x rpynax aHanizysaau I111B
yepe3 6 Ta 12 micsuiB tepanii imaTuHiOoM Ta BMB
yepe3 12 ta 18 Micd1iB Teparii. byso BusiBieHO, 11O B
rpymni naumieHTiB, $IKi MajJdud B aHaMHe3i pajiauiiiHe
onpoMiHeHHs, yactora [1LIB 1o 6-ro micsaus tepamnii
iMaTuHiOOM OyJa BiporigHo Buia — 8 3 20 ocid (40 %)
MOPIBHSIHO 3 KOHTPOJILHOIO rpymolo (12,6 %). Ilepe-
Baru MOXKYTb OYTH BHUITQAKOBHMM Ta MOB’SI3aHUMHU 3
HEBEJIMKOI KiJbKiCcTIO crnocTepexeHb. Ha kKopucth
iei OIYMKM CBiguuTh TO# (akT, 10 BxXe A0 12-ro
Mmicsug yactora ITLB 3piBHsnacs B 060x rpymax Ta
ckianpana 35,7 ta 43,5 %, BinnosigHo. He 6yio BUsiB-
JIeHO po30ixkHocTell y mocarHeHHi BMB mo 12-to

CCR was registered in 50 and 48.5 % of patients
in the study group and control group respectively.
MMR was determined in 20 % of patients with
radiation exposure and in 27.6 % of patients in
control group (the difference is not statistically sig-
nificant). The best results of CCR and MMR were
observed in the patients who were pretreated for
less than 6 month (those for whom imatinib was
used as the first line therapy) in study group as well
as in comparison group. For the control group the
difference was statistically significant both in com-
parison with the group of patients pretreated for 6-
36 months and with the group of patients that had
a pretreatment history over 36 months. For
patients with radiation anamnesis (the study
group) pretreated less than 6 months the rate CCR
and MMR was significantly higher (p<0,05).
However, a small number of patients in the study
group did not allow to obtain statistically different
results in the subgroups.

CCR after 6 and 12 months of imatinib therapy as
well as MMR after 12 and 18 months of therapy were
analyzed in order to compare the dynamics of the
optimal response in both groups. It was observed that
the rate of CCR at 6" month of therapy was signifi-
cantly higher in patients with radiation exposure in
anamnesis — 8 of 20 people (40 %) — than such rate
in the control group (12.6 %). We admit that the sig-
nificance can be caused by chance and may be relat-
ed to the small group sizes. This hypothesis is sup-
ported by the fact that by 12 months of imatinib
treatment the rate of CCR has already lost its signif-
icant difference between groups (35.7 % in the study
group and 43.5 % in comparison group). No differ-
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Ta6bnuus 3

BignoBigb Ha Tepaniio imaTuHi6om y nayienrie 3 XMJ1

Table 3

Response to the imatinib therapy in CML patients

Xapakrepuctuka Mauientu 3 XMJ1 / patients with CML

Characteristics fIKi 3a3Hanu BrJIMBY iOHI3YyI04Or0 0e3 papiaujiiiHoro aHamMmHe3y

onpomiHeHHs B pe3ynbTati aBapii Ha YAEC (koHTpOnbHa rpyna)
exposed to ionizing radiation after no exposure to ionizing radiation
Chornobyl NPP accident (study group) (control group)
Bcboro / total (n) 20 103
MoBHa rematonoriyHa BignoBifp Ha 3-ii Micsiub Tepanii iMaTuHIOoM (%) 100 98,0

Complete hematologic response after 3 month of imatinib therapy (%)

MoBHa uuToreHeTUYHa BiANOBiAb, N (%) 10 (50,0) 50 (48,5)
Complete cytogenetic response n, (%)
TPUBANiCTb NEPEANIKOBAHOCTI MEHLLE 6 MiC, N 536/5from6 22 328 / 22 from 28
time of pretreatment less than 6 months, n
TpUBANICTb NepeaiikoBaHocTi 6-36 Mic, n 4310 /4 from 10 24 3 50 / 24 from 50
time of pretreatment 6-36 months, n
TpUBANICTL NepeaiikoBaHocTi Ginblue 36 Mic, n 134/1from4 4325/ 4from 25
time of pretreatment over 36 months, n
Benuka monekynspHa Bignogigb (%) 23,5 27,6
Major molecular response (%)
TPVBANiCTb NEPEANIKOBAHOCTI MEHLLE 6 MiC, N 336/3from6 13322 /13 from 22
time of pretreatment less than 6 months, n
TpUBANiCTb NepeaiikosaHocTi 6-36 Mic, n 138/1from8 9342 /9 from 42
time of pretreatment 6-36 months, n
TPUBANiCTb NEPEANIKOBAHOCTI binblue 36 Mic, n 034/0from4 2323 /2from 23
time of pretreatment over 36 months, n
MepBUHHA PEe3UCTEHTHICTb, N (%) 10 (50,0) 52 (50,0)
Primary resistance, n (%)
TPUBANiCTb NEPEANIKOBAHOCTI MEHLLE 6 MiC, n 136/ 1 from6 6328 /6 from 28
time of pretreatment less than 6 months, n
TpUBANICTb NepeasiikoBaHocTi 6-36 Mmic, n 6310/6from 10 26 3 50 / 26 from 50
time of pretreatment 6-36 months, n
TPUBANiCTb NEPEANikoBaHOCTI Binblue 36 Mic, n 334/3from4 20324 /20 from 24
time of pretreatment over 36 months, n
BTopuHHA pe3nCcTeHTHiCTb, n (%) 5(25,0) 10 (10,0)

Secondary resistance, n (%)

TPUBANiCTb NEPEANIKOBAHOCTI MEHLLE 6 Mic, n

time of pretreatment less than 6 months, n

TPUBANiCTb NEPEANIKOBAHOCTI 6-36 Mic, n
time of pretreatment 6-36 months, n

TpUBANicTb NepeaslikoBaHocTi Ginblue 36 Mic, n

time of pretreatment over 36 months, n

136/ 1 from6
3310/3from 10

134/1from4

1328/ 11from 28
7350 /7 from 50

2324 /2from 24

Micdaus Teparii imaTuHiOoM (8,3 % — Tpymna crocTe-
pexeHHs Tta 12,9 % — KoHTpoJibHa rpyma). OgHak 10
18-ro Micsis Tepanii KiJibKicTh mauieHTiB 3 BMB B
rpymni 3 paaiauiiHMUM aHaMHE30M MNpPaKTUYHO He
aminmnacs (11 %), Toli IK B KOHTPOJIbHI TpyIli BoHA
30iapIKiIacs oinblr HiX y 2 pa3u (31,3 %). Orpumani
pe3yabTaTh HE € CTaTUCTUYHO 3HAUYIIMMU, X04a HE
MOXHAa BHUKIIOYMTHU, 11O NpU 30iJbIIEHHI 4YUCEIb-
HOCTi TpyInu Mali€HTiB, sKi 3a3HaAM pajialliiHOTO

ences were observed in achievement of MMR by the
12" month of imatinib therapy (8.3 % in the study
group and 12.9 % in the comparison group).
However, by the 18" month of treatment the num-
ber of patients with MMR in the study group has
barely changed (11 %), while at the same time it
more than doubled in the control group (31.3 %).
Although these results are not statistically signifi-
cant, one cannot be sure that the increase in the size
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OIIPOMIiHEHHSI, ISl TEHIEHIIisSI MOXe CTaTU CTaTUCTHY -
HO BiporigHoIO.

AHani3 BiinoBiai Ha Tepallilo I10Ka3aB, 1110 B 000X Irpy-
nax y MOJIOBUHU MAlliEHTIB 3a BeCh MEPiojJ CIIOCTepe-
>KeHHsI He 0yJ10 nocsarnyTo IT1B i BMB. Taki nauientu
OyJu BiHECEHi 10 TEpBUHHO pe3ucTeHTHUX. [1pn 11p0-
My B 000X I'pyIax BipOriIHO MEHILI€ YMCJIO BUIIAAKiB pe-
s3ucteHTHOCTI (p < 0,05) peecTpyBajocs y Talli€HTIB,
SIKUM iMaTHHIO OyJ10 IpU3HAYEHO He ITi3Hille 6 MicsIIiB
Bil MOYaTKy 3axBOpIOBaHHS. YacToTa pO3BUTKY Tep-
BUHHOI PE3UCTEHTHOCTI HE BiIpi3HsIacs y 1OCiIXKyBa-
HUX rpymnax. ¥ TOM xe 4ac 0yJ10 BUSIBJIEHO CTAaTUCTUYHO
BipoTrigHe TepeBakaHHsI BUITaAKiB BTPAaTH AOCSTHYTOI
LUTOTreHETUYHOI i/a00 MOJIEKY/ISIpPHOI BiAIIOBimi B IIpo-
neci gikyBaHHg ITK (T00TO, BTOPMHHOI pE3UCTEHT-
HocTi) y mauieHTiB 3 XMJI, ki B aHaMHe3i MaloTb
paniauiitHuii Bruus (25 % npotu 10 % B KOHTPOJIbHII
rpymi).

AHaui3 pe3yabTaTiB 3aCTOCYBaHHSI HiJIOTUHIOY SIK Te-
pamii 2-i miHii y mauieHTiB, ski He manu [1LB Ha Te-
pamito iMaTuHiOOM, MoOKa3aB, 10 €(PEeKTUBHICTb 3MiHU
ITK y mauieHTiB, $IKi 3a3Hanu il iOHI3yIOYOIro BUIM-
POMiHIOBaHHSI, OyJla TaKOIO X, SIK i B KOHTPOJIbHIil IpyITi.
ILB Bmanoca gocsirtu BigmosigHo y 37,5 ta 31,3 %
MaLi€HTIB.

OTpuMaHi pe3yabTaTu CBigyaTh Mpo Te, IO B OCiO,
SIKi 3a3HaJIM padialliliHOTO BILIMBY B pe3yJbTaTi aBapii
Ha YAEC, ne6ror XMJI He MaB cneuudiyHux
panianiiiHoO acoliifoBaHWX AiarHOCTUYHUX MapKepiB.
[onoBHMM TEHETMYHUM MapKepoMm Oyya TpaHCIO-
kamisg t(9;22)(q34; qll) i excrpeciss XUMepHOIo reHa
BCR/ABL. He Oyno BUSIBIIEHO ITiABUIIEHHS 4YacCTOTHU
CIOPiTHEHUX KJIOHIB 1 1OJaTKOBUX XPOMOCOMHUX aHO-
MaJliit (Tak 3BaHOI KJIOHAJIbHOI €BOJIIOLIT), SIKY BBaXa-
IOTb HACJIiAKOM BTpaTU KOHTPOJIIO OpraHi3My Hal re-
HOMHOIO HECTaOiJbHICTIO, TIOCUJIEHHS $IKOi MPU3BO-
IWUTH 10 mporpecii 3axBoproBaHH [12]. YacToTa mosiBu
IOJATKOBUX KJIOHAJbHUX IOpyIIeHb B Ph-mo3uTus-
Hux kimituHax (10,3 %) Oyna momiOHa D0 pe3yJbTiB
MaclITaOHUX 0araToleHTPOBUX MOCIHiAXKeHb Malli€H-
TiB 3 XMJI de novo 6e3 paaiauiiHoro aHaMmHe3y (Big 5
1o 10 %) [13].

Kuniniko-nabopaTopHuii MOHITOPUHT 3 ypaxyBaHHSIM
yactotu gocsarHeHHs [1LB i BMB minrBepauB Bucoky
e(eKTUBHICTh iIMaTUHIOY B JliKyBaHHiI XBopux Ha XMJI,
dKi 3a3HaJu BIUIMBY 1OHi3ylOUOro OINPOMiHEHHS
BHacinok aBapii Ha HAEC. [1pn upomMy yacToTa mocsr-
HeHHs [IUB no 12-ro wmicsus tepanii IM craHoBuia
35,7 %, ayactora BMB — 8,3 %, 1110 Bianosigaio piBHIO
LIMX MOKA3HUKIB y KOHTPOJIbHI# rpymi. I1pu ibomy aesiki
nmauieHTn 3 BigcytHicTio [1LIB mo 12-ro micsaug Teparii

of the group patients with radiation history would
not cause statistical significance of this difference.

Analysis of the imatinib therapy response
demonstrated that in both groups half of the
patients have never reached neither CCR nor
MMR throughout the course of treatment.
Such patients were qualified as primary resist-
ant. In both groups the number of resistant
patients was significantly smaller (p<0,05)
among those patients for whome imatinib was
prescribed not later than 6 months after disease
debut. The frequency of the primary resistance
did not differ between the groups. Meanwhile,
the frequency of the secondary resistance (loss
of cytogenetic and/or molecular response dur-
ing TKI therapy) was significantly higher in the
study group than in comparison group (25 %
versus 10 %).

Analysis of the response to nilotinib as a second
line therapy for the patients who did not reach
CCR with imatinib demonstrated that the effi-
ciency of TKI therapy change was the same in
patients from study and comparison groups. CCR
was reached in 37.5 % of the patients with radia-
tion exposure and 31.3 % of the control group.

Our results suggest that the debut of CML in the
patients who were exposed to ionizing radiation
after Chornobyl NPP accident did not have specif-
ic radiation-associated markers. The main genetic
marker were translocation t(9;22)(q34; ql1) and
expression of the fusion gene BCR/ABL. The fre-
quency of related clones as well as the frequency of
additional chromosomal abnormalities (clonal
evolution) were not elevated in the study group.
They are considered to be a consequence of loss of
body’s control over genome stability. Its enhance-
ment causes further progression of the disease [12].
The frequency of additional clonal aberrations in
Ph+ cells (10.3 %) was close to the results obtained
during multicenter studies of therapy CML
patients de novo without radiation exposure in their
anamnesis (from 5 % to 10 %) [13].

The clinical and laboratory monitoring based on
the assessment CCR and MMR, confirmed high
efficiency of imatinib among CML patients
exposed to ionizing radiation after the Chornobyl
NPP accident. It was found that in this group 35.7
% of patients reached CCR by 12 months of ther-
apy and the frequency of MMR was 8.3 %. These
data matched the frequencies observed in the con-
trol group. Moreover, some of the patients (from
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MpU MPOAOBXKEHHI JIIKyBaHHS Ta MiABMIIEHHI 103U IM
BCE X J0CITaayd IMOBHOI IMTOIreHETUYHOI BiIMOBii i Be-
JIMKOT MOJIEKYJISIpPHOI BiAIOBiAi B OiJbII ITi3HI TEPMiHHU,
Xoua IIMOMHA Binmosimi (To6To mocsrHeHHs BMB) B
TPYIli OIPOMIHEHMX BCE X Oyja HUXXYOIO TOPIBHSHO 3
KOHTPOJIHOIO TPYTIOIO.

Haui naHi Bigpi3HSIIOTbCS Bif pe3yabTaTiB MiXKHAPO/ -
Horo paHaomizoBaHoro gociimkeHHs1 IRIS, B skomy y
MalieHTiB 3 XpoHiuyHOWO (hazoro XMIJI, sKi oTpuMyBaIn
Teparniio iMmaTuHiooM, gocsrHeHHs IT1B no 12-ro mics-
LIS Teparlii 3apeecTpoBaHo y 69 % malieHTiB, a peayKilis
exkcnpecii BCR/ABL TpaHckpunta 1o piBHss BMB — y
53 % [14]. Lle 06yMOBJIeHO MepeBaXkaHHSIM B IPYITi CITO-
CTepeXXeHHS MepeTiKoBaHUX Malli€eHTiB. Y Hallliil po0o-
Ti HaliKpallli pe3yabTaTu Teparlii (0ijblla KiJIbKICTb Ia-
mientiB 3 I11IB i BMB) Oynu oTpumaHi mipu mpu3Ha-
yeHHi IM He mi3HiIe 6 MicsIs IMmicas AiarHOCTyBaHHS
3aXBOPIOBaHHSA. Y Wil XXe rpymi MauieHTiB 0yJo Bipo-
rigHO MEHIA KiJbKiCTh BUIIAAKIB MEPBUHHOI PE3UCTe-
HTHOCTI 10 IM.

Lli naHi y3romxytoTbcs 3 pe3yabraTaMu OLliHKMU eheK-
TUBHOCTI JIiKyBaHHSI iMaTMHIOOM HEONMPOMiHEHUX
nauieHTiB 3 XMJI 3a1eKHO BiJ TpUBaIOCTI NepealikoBa-
HOCTI (TiAPOKCUCEYOBUHOIO, iHTEp(PepoHOM, OyCybda-
HOM) y poboTax iHmmx aBTopiB [15, 16] i moaTBepmXKy-
10Th, 10 eekTuBHicTh Teparii ITK 6e3nocepenHbo 3a-
JIEXUTh Bif 4acy, 110 MPOMIIOB MiX BCTaHOBJIEHHSIM
npiarHo3y XMJI i mpusnauenHsm ITK.

IIpuBepTae yBary mepeBakaHHS BMITQIKiB PO3BUTKY
BTOPUMHHOI Pe3UCTEHTHOCTI y mauieHTiB 3 XMJI, ski B
aHaMHe31 MaloTh pafiaLiiiHuii Brivs (25 % nauieHTis). 3
OIHOTro OOKY, HAMOiNbII YacTUii MeXaHi3M pe3UCTEHT-
HOCTI ITOB’SI3aHU i 3 BAHMKHEHHS MyTalliii KiHa3HOTO J10-
meny reHa BCR/ABL. I1pu iboMy MyTyIOUuM (haKTOPOM
e cama BCR/ABL-tupo3unkinaza. Yum goBiie KiiTuHa
3HAXOJUTHCS i 11 BIUIMBOM, TUM OiIbIIIE IIIAHCIB HA BU-
HUKHEHHSI MyTalliii B Tomy uucii reHa BCR/ABL. leit
¢axkT Moxe OYyTH MiATPYHTSM ITiABUILEHHSI pPEe3UCTEHT-
HocTi g0 Tepanii ITK y nauieHTiB, KOTpi TpUBaio OTpU-
MYBaJIM JTiKyBaHHS iHIIUMU TIpernapaTamMu. BpaxoByoun
Te, 0 padialiitHuil (hakTop Tak abo iHaKIIe CITPUSIE TT0-
SIBi TEHOMHOI HecTaOiabHOCTI [17], MOXXHA NPUITYCTUTH,
110 30UIbIIEHHSI YaCTOTU BTOPUHHOI PE3UCTEHTHOCTI
MOB’sI3aHO 3 MOIEepPeIHBOI0 AeCTadiIi3alie0 TeHOMY ITif
BIUIMBOM 10OHi3y10UOTO BUIIPOMiHIOBAaHHS.

3 iHILIOro OOKY, IUTOTEHETUYHA i MOJIEKYJISIpHA PeMiCist
€ pEe3yJbTaTOM KOHTPOJIO 3 OOKY iMyHHOI CUCTEMU Hal
3IMIIKOBUM MyXJIMHHUM KJIOHOM. fKII10 1Ieif KOHTPOJIb
He 30aJTaHCOBaHU, TO pe3uayaibHi KJIITUHY TOYUHAIOTh
npoJigepyBatu, 10 MPU3BOAUTH OO HAPOCTAHHS ITyX-
JIMHHOTO KJIOHY i pO3BUTKY pelnanBYy. OCKiJIbKY, KITiTH-

study group) without CCR by 12 months still got
complete cytogenetic response and major molecu-
lar response later after the treatment was contin-
ued with higher doses of imatinib, although depth
of response (reach of MMR) was lower in the irra-
diated group compared to the control group.

Our results are different from those obtained
during the randomized international study IRIS,
where 69 % of patients with CML treated with
imatinib had reached the CCR by 12 months of
therapy and 53 % had demonstrated a reduction
of BCR/ABL expression to the level of MMR
[14]. Such difference is caused by the prevalence
of pretreated patients in our study group. As it
was mentioned above, we observed the highest
number of CCR and MMR when imatinib was
prescribed less than 6 month after the CML diag-
nosis. Moreover, this group had a significantly
lower frequency of primary resistance to ima-
tinib.

Our data align with the analysis of imatinib effi-
ciency in CML patient treatment depending on
the length of pretreatment with hidroxyurea, inter-
feron, or bisulphan done by other authors [15,16].
The data provide additional evidence that the effi-
ciency of the therapy is directly dependent on the
length of time interval between CML diagnosis
and beginning of TKI therapy.

It is worth noting that the cases of the secondary
resistance to therapy prevail in CML patients
who were previously exposed to ionizing radiation
(25 %). On the one hand, the most common
mechanism of resistance is related to mutation of
BCR/ABL kinase domane. BCR/ABL-tyrosine
kinase itself is a mutating factor. The longer the
cell in under its influence, the more probable are
mutations in the genetic materiall, including
BCR/ABL gene. This mechanism can explain
increased resistance to TKI therapy in patients
who were pretreated by other medicine for long
periods of time. Considering that radiation factor
induces genome instability [17], we can assume
that the increased rate of the secondary resistance
in the studied group is caused by prior genome
destabilization under ionizing radiation.

On the other hand, cytogenetic and molecular
remissions result from control of the immune
system over the residual tumor clones. If this
control is not balanced, the residual cells start to
proliferate which causes tumor clone growth and
relapse. Because immune cells are very sensitive
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HU iMyHHOI CUCTEMM € KPUTUYHUMMU A0 BIUIMBY iOHI3YIO-
4yoro BUMpoMiHIoBaHH: [18], aisg pamiauiiiHOoro YnHHUKA
MOKe TIPU3BECTHU 0 MOCaa0JeHHs iMyHOJIOTYHOTO Har-
NIy i, IK HacNigOK, 10 BTPaTU CTaOiIbHOTO KOHTPOJIIO
HaJ 3aJIMIIKOBUM MYXJIMHHUM KJIOHOM.

Ileit (pakT CBiMUUTH NPO NEPCHEKTUBHICTh MOrIMOJIE-
HOTO JOCJIiIXKEHHSI JaHOI IpyIu IMali€HTiB B KOHTEKCTIi
BUBYEHHSI T€HETUYHMUX Ta iMYyHOJIOTIYHMX MeXaHi3MiB
¢dopmyBaHHS1 pe3ucTeHTHOCTI a0 Tepamii ITK. Otpu-
MaHi JaHi JalTh TAKOX ITiACTaBYy BBaxKaTU 3a AOLIiJIbHE
3acTtocyBaHHsI kKoMOiHawii ITK 3 iMmyHOMOAy/TI0OI04MMU
npernaparaMu JJjIs1 crabijizallii peMicii y maiieHTiB 3
XMJI, gKi 3a3Haau pagiallifHOro OMpoOMiHEHHSI B pe-
3yapraTi aBapii Ha YAEC. Kpamie po3ymiHHSI Me-
XaHi3MiB peryjloBaHHSI PO3BUTKY PE3UCTEHTHOCTI, BU-
HUKHEHHSI MYyTalliii, TeHeTUYHOI HecTabiJIbHOCTI Ta
cucteM pemnapauii JJHK mo3BossiTb po3poOUTH HOBI
OigAXoau 10 MiABUILEHHS e(heKTUBHOCTI Teparil Iaii-
€HTiB 3 XMJI.

BUCHOBKU

AHani3 edexktuBHOCTI JikyBaHHs ITK mnauieHTiB 3
XPOHIYHOIO MI€ENOIAHOIO JIeKeMi€lo, SIKi MoCcTpaXKaain
BHacaigok aBapii Ha YopHoOunbchbkiii AEC, mokazas
HacCTyIIHE:

1. ¥V nanienTiB 3 XMJI, sIKi 3a3Ha/IM BILUIMBY iOHi3yl0UO-
ro BUIIPOMiHIOBaHHSI, B Je0I0Ti 3aXBOPIOBAHHS He OyJI0
BUSIBJIEHO 301JIbILIEHHST YACTOTH TOSIBU 10JaTKOBUX XPO-
MOCOMHUX TTopyiieHb. Posnomin 3a tTumamm BCR/ABL
TPaHCKPUITIB BiAIOBiAA€ TAKOMY Yy IpYIIi MaLi€EHTIB 0e3
panmialiiiHOro aHaMHe3y.

2. Jlo 12-ro micsis Teparlii iMaTMHIOOM TTOBHA LIMTOTE-
HETUYHA BiAIOBiAb Oysa oTpuMaHa y 35,7 % malieHTiB,
a BeJIMKa MOJIEKYJ/IsIpHA Bianosinbk — vy 8,3 %. Haiikpanui
pesyabratu pocsirHeHHs1 IIIIB i BMB BusiBieHi y
MAaLi€HTIB 3 TEPMIHOM MPEIJTiKOBaHOCTI 70 6 MicsLIiB, Y
SIKUX iIMaTUHIO BUKOPHCTOBYBABCS SIK Teparlis Meplioi
JiHii. To6To pauioHanbHa Teparnisd XMJI MoxJuBa Jiulie
P CKOPOUYEHHI TePMiHiB MiX AiarHOCTUKOIO Ta MPU3-
HaYeHHSIM Tperapary.

3. ¥V nanientiB 3 XMJI (onmpoMiHeHMX i HeOMpoOMiHe-
HUX), IKMM iMaTUHIO OyJ0 MpU3HAYEHO He Ti3Hille 6
MiCSLiB BiJ TI04YaTKYy 3aXBOpPIOBAHHSI, BUSIBICHO
BipOTiIHO MEHIIY KiJIbKiCTh BUMAKiB IEPBUHHOI Pe3UC-
TEHTHOCTi A0 iMaTUHIOY.

4. ¥V mauientiB 3 XMJI, gki B aHaMHe3i MaloTb
pamialiifH1ii BIIJINB, BTOpPUHHA PE3MCTEHTHICTD (BTpaTa
JOCSTHYTOI LIMTOTEHETUYHOI i/a00 MOJIEeKyIsSIpHOl
BiAMOBIi B Mpolleci JiKyBaHHS iMaTUHIOOM) po3BHBasia-
CsI YacTillie MMOPiBHSIHO 3 KOHTPOJIBHOIO TPYIIOIO i CTaHO-
Buna 25 %.

to ionizing radiation [18], the impact of radia-
tion factor can significantly reduce the immune
supervision and as a consequence may cause the
loss of stable immune control over the residual
tumor clone.

These data suggest new perspectives on
advanced studies of the irradiated patients with
CML in context of discovery of new genetic and
immunologic mechanisms of resistance to TKI
therapy. Our data also give reason the use of TKI
therapy in combination with immunomoduling
medicine to stabilize remission in the patients
who were exposed to ionizing radiation due to the
Chornobyl NPP accident. Better understanding
of the mechanisms of resistance development,
appearance of mutations, genetic instability and
DNA repair will allow to develop new approaches
in increasing the therapy efficiency for CML
patients.

CONCLUSIONS

Analysis of the effectiveness of treatment TKI
patients with chronic myeloid leukemia who suf-
fered from the Chornobyl accident showed the fol-
lowing:

1. CML patients with radiation exposure in anam-
nesis did not have a higher frequency of additional
chromosomal aberrations at the time of CML
diagnostics. Pattern of the BCR/ABL transcript
types was not different from those in patients with-
out radiation exposure.

2. Complete cytogenetic response was achieved in
35.7 % and major molecular response was observed
in 8.3 % of patients by 12" month of imatinib ther-
apy. The best results in achieving CCR and MMR
were shown in patients who were pretreated for less
than 6 months and (imatinib was used as a first line
therapy). Therefore, the rational CML therapy is
only possible after shortening of the time interval
between diagnostics and TKI treatment initiation.

3. Among both irradiated and unirradiated CML
patients who received imatinib no later than 6
months after CML diagnostics, a significantly less
number of primary imatinib resistant patients were
observed.

4. CML patients with exposure to ionizing radi-
ation in the anamnesis developed more often
(25 %) the secondary resistance (loss of achieved
cytogenetic and/or molecular response during
imatinib treatment) than patients of comparison
group.
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