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OIIIHKA BIAITOBIJAI HA TEPAIIIIO IMATUHIBOM Y ITALHIEHTIB
3 XPOHIYHOIO MIEJIOITHOIO JIEUKEMIEIO 3 e13a2 TA el4a2
TPAHCKPUIITAMMU I'EHA BCR/ABL1

Meta - pocnigxeHHs BnauBy el13a2 Ta el4a2 TpaHckpunTiB reHa BCR/ABL1 Ha edeKTUBHiCTb Tepanii iMaTuHiGOM y
XBOPUX HAa XPOHiYHY Mi€NOfHY Nelikemito.
Marepianu i metoamu. 06cTexxeHo 508 nauieHTiB 3 XpoHiyHOl (Da3o0l0 XPOHiYHOT MienoigHoi neiikemii 6e3
papiauinHoro aHamHe3sy, a TakoxX 13 NalieHTiB 3 TAKUM Xe [1iarHo30M, y AKUX OyN0 AOKYMEHTANbHO NiATBEPAXKEHO Ha-
ABHICTb pagiauiiHoro BnauBy BHacnifgok aBapii Ha YAEC.
Pe3ynbtatu. He BUABNEHO 3HAYYLMX PO36IXKHOCTEN Y reMaToNoriyHMX NoKas3HWUKax, piBHi JOAATKOBMX XPOMOCOMHUX
abepaliii Ta YyacTOTi BapiaHTHUX TPAHCNOKALiN MiX NauieHTamMu, y AKUX eKCnpecyBanucs TpaHcKpunTu el3a2 Ta
el4a2. KymynatuBHA BiporifHicTb NOBHOT LMTOreHeTUYHOT BIANOBiLI He Bigpi3HANack y nauieHTiB 3 e13a2 Ta el4a2
TpaHckpunToM i cknagana 76 1a 80 %, BignoBigHo (p = 0,981). MepgiaHa Yacy AOCATHEHHA MOBHOT LUTOreHETUYHOT
BignoBiai — 20 micauis y o6ox rpynax. Cepep nauieHTi 3 e14a2 BiporifgHo 6inblwa YacTuHa fo 12-ro micaus Tepanii
oTpMMana BenuKy monekynspHy Bignosigb (61,5 % npotu 23,0 %, p = 0,016). A po 24-ro micaus came B Uid rpyni
nauieHTiB peecTpyBanocs Ginblwe BUNafKiB rmmMbokoi monekynapHoi Bignosiai (38,7 % npotu 6,25 %, p = 0,018). He
BUABNEHO CTAaTUCTUYHO 3HAYYWMX BiAMIHHOCTEN Y 3araibHiil BUXMBAHOCTI Ta Yy BMXMBAHOCTI 6e3 nporpecii y
NauieHTiB 3 pi3HMMM TUNamu TpaHcKpunTiB. be3nopiitHa BMXMBAHICTb y nauieHTiB 3 el3a2 TpaHckpuntom byna
BipOrifiHO HMXXYa NOPIBHAHO 3 NauieHTamu 3 el4a2 TpaHckpuntom (52 % npoTn 61,0 %, p = 0,039). KinbKicTb nepBuH-
HO Pe3UCTEHTHMX NALiEHTIB He 3anexana Bif TUNY TPAHCKPUNTY i cknapana noHap 40 %. Y nauieHTiB 3 e13a2 TpaH-
CKpUNTOM GYNO BUABNEHO CTaTUCTUYHO BiporifHe NnepeBaXaHHs BUNAAKIB BTPATW JOCATHYTOT NOBHOT LUTOreHeTUYHOT
BiANOBiai abo HegocAraHHs BENUKOT MONeKyNApHOT BignoBiai (43,5 % npotn 24,8 %, p = 0,015).
BucHoBKu. Tepanis imaTuHiboM € 6inbw edekTnBHOW y xBopux Ha XMJI 3 el4a2 TpaHCKPUNTOM MOPiBHAHO 3
nauieHTamu i3 e13a2 TpaHckpunToM. TpaHCcKpunT €13a2 MOXHA PO3rNALaTH AK HECNIPUATAMBUIA NPOTHOCTUYHMUI daK-
TOp Npu Tepanii iMaTMHIGOM y NaLieHTiB 3 XPOHiYHOI0 ha30t0 XpOHiYHOT MienoigHoi neikemii.
KniouoBi cnoBa: xpoHiyHa MienoigHa neiikemis, TpaHckpuntu e13a2 Ta el4a2, iMaTUHiIb, LMTOreHEeTUYHA Ta MONIEKY-
nApHa BiANOBifb, ePEeKTUBHICTb NiKyBaHHA, I0Hi3yl0ue BUNPOMiHIOBAHHS.
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Assessment of response to imatinib therapy in patients with chronic myeloid
leukemia with e13a2 and el4a2 transcripts of BCR/ABL1 gene

Objective. Assess the influence of e13a2 and el14a2 transcripts of BCR/ABL1 gene on the efficiency of imatinib ther-
apy in patients with chronic myeloid leukemia.
Materials and methods. We examined 508 patients with the chronic phase of chronic myeloid leukemia without radi-
ation in anamnesis as well as 13 patients with the similar diagnosis and with confirmed presence of radiation expo-
sure due to the Chornobyl Nuclear Power Plant accident.
Results. No significant differences in hematologic parameters, rate of additional chromosomal aberrations and vari-
ant translocations were observed between patients with e13a2 and e14a2 transcript. Cumulative probability of com-
plete cytogenetic response did not differ in patients with e13a2 and el14a2 transcript and was 76 and 80 % respec-
tively (p = 0.981). Median of achieving a complete cytogenetic response was 20 months in both patient groups.
Significantly more patients with el4a2 transcript compared to patients with el13a2 achieved major molecular
response by 12 month of therapy (61.5 % versus 23.0 %, p = 0.016). The higher incidence of deep molecular response
by 24 month of therapy was revealed in this group (38.7 % versus 6.25 %, p = 0.018). The overall survival and pro-
gression-free survival rates were not statistically different between two groups with different transcripts. However,
the rate of event-free survival was statistically lower for the patients with e13a2 transcript compared to the ones with
el4a2 transcript (51 % versus 62.0 %, p = 0.039). The number of primary resistant patients was 40 % regardless of
the transcript expressed. A significant prevalence in incidence either of lost complete cytogenetic response or fail-
ure of the major molecular response was shown in patients with e13a2 transcript compared to patients with el4a2
transcripts (43.5 % versus 24.8 %, p = 0.015).
Conclusion. Imatinib therapy is more effective for CML patients with e14a2 transcript compared to patients with
el13a2 transcript expression. The transcript e13a2 can be viewed as a adverse prognostic factor for imatinib therapy
of chronic myeloid leukemia.
Key words: chronic myeloid leukemia, e13a2 and el4a2 transcripts, imatinib, cytogenetic and molecular responce,
therapy efficeincy, ionizing radiation.
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BCTVYII

B ocHoOBi maTtoreHe3y XpOHIYHOI Mi€JIOIIHOI JIeKeMil
(XMJI) nexxuth mosiBa pelUIPOKHOI TpaHCIOKallil MixX
9-10 i 22-10 XxpomMocoMaMu. BHaciigok 1IbOro yacTuHa
MPOTOOHKOTeHY ABL I, po3TalroBaHOro Ha XpOMOCOMI
9, po3MilllyEThCS TTOPYY 3 OiisTHKOI reHa BCR Ha Xpo-
MOCOMi 22, 110 MPU3BOAUTH 10 YTBOPEHHSI XUMEPHOTO
reHa BCR/ABL1 na xpomocomi 22 [1]. 3amexHo Bim
MiCLISI PO3PUBY MOXJIMBE YTBOPEHHS JIEKiJIbKOX (DOpM
oHkobOiika BCR/ABLI1, ski acolliloioTbesl 3 pisHUMU
TUunamMu Jerikemii. Axmo po3puB y reHi BCR Bin0y-
BA€ThCS y TOJOBHOMY Kiactepi (M-bcr), 1mo MmicTuth
ek3oHU 13 Ta 14 (b2 Ta b3), 3a1eXXHO BiJ caliTy pO3pUBY
B pe3yJIbTaTi aJIbTePHATUBHOIO CILJIACUHIY MOXYTb yT-
BoploBaTUCS TpaHckpuntu b2a2 (el3a2) abo b3a2
(el4a2). O6unBa koaytoThb 6i1ok BCR/ABLI1 3 Mmoneky-
JagpHoro Macolo 210 kJla i BusBisiorecst y 90 % Bu-

INTRODUCTION

Reciprocal translocation between chromosome 9
and chromosome 22 is the underlying cause for
pathogenesis of chronic myeloid leukemia (CML).
As a result of such translocation, a portion of the
proto-oncogene ABL 1 from chromosome 9 beco-
mes adjacent to the portion of gene BCR from chro-
mosome 22, which causes formation of a new fusion
gene BCR/ABL I on chromosome 22 [1]. Depending
on the breakpoint location, multiple forms of onco-
protein BCR/ABLI1 can be produced. Different
forms of this protein are associated with different
types of leukemia. If breakpoint is in the major clus-
ter of BCR (M-bcr) which contains exons 13 and 14
(b2 and b3), transcripts b2a2 (el3a2) or b3a2
(el4a2) can be produced depending on the outcome
of alternative splicing. Both transcripts encode the
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naakiB XMJI. fxmio Toyka po3puBY 3HAXOAUTHCS B
MiHOpHOMY KjacTepi reHa BCR (m-bcr), yTBOPIOETHCS
ela2 TpaHCKPUNT, IKUN TPaHCITIOETHCA y XUMEPHUI
0in0K 3 MosieKyJsIpHOI0 Macoro 190 x/la. Takuii BapiaHT
BCR/ABLI TpaHCKpUIITY € XapaKTepHUM JIJIsSI TOCTPOL
JiMm¢po0bacTHOI JIeliKeMii, ajie B 3piiKa BUSIBIASEThCS Ta-
Kox npu XMJI. Ommcani TakoX iHIII YHiKaJIbHI TpaH-
CKPUIITA 1 BUITAAKM OJHOYACHOI KOeKcrpecii IBOX
pI3HUX TPAHCKPHUMTIB [2].

Ha cproromHi muTaHHSI PO IIPOTHOCTUYHE 3HAYCHHS
Haoinpm mommpeHnx mpu XMJI tpanckpunTiB b2a2
(el13a2) abo b3a2 (el4a2) 3anuIIa€eThCs BiIKPUTUM. 3
OJIHOrO OOKY, in Vivo Ha MUIIaviil Moesi OyJia mokasa-
Ha CXOXa JielikeMoreHHa aKTUBHICTb 000X TpaH-
CKpUMNTIiB (OLHIOBAJIM YacTOTYy PO3BUTKY JIeHKeMilt,
KiJIBKICTh JIGMKOILIUTIB, BUXKMBaAHICTh 0e3 nelikeMil) [3].
3 iHworo 00Ky, iCHye HM3Ka AOCHiIXeHb, pPe3yJbTaTh
SIKUX JOCUTh CYIIepPEUJIMBi 11010 Mepediry 3aXBOpIOBaH-
H$I Ta BiAIOBiJIi HA Tepamilo iHribiTopaMu TUPO3UHKiIHA3
(ITK) y xBopux Ha XMJI 3 pi3HUMH TUIIAaMU TpaH-
ckpunty BCR/ABLI [4—6].

He meHm mikaBMM, Ha HaIl IOTJISAN, € BUBYCHHS
BIUIMBY TUITY TPAaHCKpUNTY XuMepHoro reHa BCR/ABL 1
Ha edekTuBHicTh Teparnii ITK y nmamienrtis 3 XMJI, ski
3a3HaJIM BIUJIMBY iOHI3yIOUOrO BUIIPOMiHEHHS BHACJTi-
nok aBapii Ha HopHoounbcbkiit AEC (HAEC), ockinb-
KU TIOIepeJHi Hallli JaHi BUSIBUJIU MEeBHI OCOOJMBOCTI
Bignosiai Ha Tepamito ITK y 11bOro KOHTUHIEHTY XBO-
pux [7].

META

Merowo pobGoTu Oyja0 HOCTiIKeHHsS BIUIMBY el3a2 Ta
el4a2 tpanckpuntiB reHa BCR/ABL I Ha e(peKTUBHICTh
Teparii iMmaTuHiOoM y xBopux Ha XMJI, B TOoMy uMCHiiy
nauieHTiB 3 XMJI, sKi 3a3Haju BIUIMBY 10Hi3yH0UOIo
BUMNPOMiHeHHs BHacigok aBapii Ha YAEC.

MATEPIAJIN 1 METOJIN

Ipyny 1 cknamanm 508 mairieHTIB 3 XpOHiIUYHOIO (ha30i0
XMUJI, gKi oTpyuMyBaJiu Teparito iMaTUHIOOM i 3HAXOIU-
JIVCh TiJl HATJISIIOM Y BiJUIUIEHHI pafdialiiiiHOl oHKoreMa-
TOJIOT1 i TpaHCIIaHTAaLlil CTOBOYPOBUX KJIITUH [HCTUTY-
Ty KiiHigHoi pamgionorii HHIIPM. 3 nux 237 (46,7 %)
yonosikiB Ta 271 (53,3 %) — xiHka. MeniaHa BiKy
MalLieHTIiB Ha Yyac BCTAHOBJIEHHS AiarHo3y ckiaanana 42
poku (Bia 18 no 71 poky). JliarHocTrKa JeiikeMiit 6a3y-
Bajiacsl Ha OLIHLI KJiHIYHOI CUMIOTOMATUKU Ta Pe3YJib-
TaTiB MOP(OJIOTIYHUX, IUTOTEHETUYHUX i MOJIEKYISIP-
HO-T€HETUYHMX JOCTIIKEHb KiCTKOBOTO MO3KY Ta IIEpH-
¢depuuHoi KpoBi. [0 rpynu CrocTepexXeHHs BKIOYaIU
JINIIIe TIAIiEHTIB, Y SKWUX eKcrpecyBamncs el3a2 abo

BCR/ABLI protein (210 kDa) and are found in 90
% of CML cases. If the breakpoint is in the minor
cluster of BCR (m-bcr), transcript ela2 is produced
and translated into a fusion protein with molecular
mass of 190 kDa. This variant of BCR/ABL 1 is spe-
cific for acute lymphoblastic leukemia, but is rarely
found in CML patients. Other unique transcripts
and cases of coexpression of two different transcripts
are also described in the literature [2].

Today the prognostic value of the most common
CML transcripts b2a2 (el13a2) and b3a2 (el4a2) is
not fully understood. On the one hand, in vivo
mouse model studies suggest similar leukemogenic
activity of both transcripts (frequency of leukemia
development, number of leukocytes and survival
rates without leukemia were assessed) [3]. On the
other hand, there is number of studies with con-
troversial results concerning a disease course and
tyrosine kinase inhibitors (TKI) therapy response
in CML patients with different BCR/ABLI1 tran-
script type [4—6].

Another area of potential research is study of the
effect of the transcript type of BCR/ABLI on the
efficiency of TKI therapy in CML patients who
were exposed to ionizing radiation due to the
Chornobyl nuclear power plant (NPP) accident.
This question is of a special interest for us since our
previous studies revealed certain differences in
TKI therapy response among these patients [7].

OBJECTIVE

This study focused on the effect of the e13a2 and
el4a2 transcripts of BCR/ABL 1 gene on the effi-
ciency of imatinib therapy in CML patients,
including the patients exposed to ionizing radia-
tion due to the Chornobyl NPP accident.

MATERIALS AND METHODS

Group 1 was comprised of 508 patients with chron-
ic phase of CML who were treated with imatinib
and were under the observation in the Department
of Radiation Hematology and Stem Cells Trans-
plantation of NRCRM NAMS of Ukraine. The
group included 237 male (46.7 %) and 271 female
(53.3 %). Median age of the patient at the time of
diagnosis was 42 years (ranged from 18 to 71 years).
Leukemia was diagnosed based on assessment of the
clinical symptoms and results of morphologic, cyto-
genetic, and molecular tests on bone marrow and
peripheral blood. Only the patients who expressed
either e13a2 or e14a2 transcripts of BCR/ABL I gene
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el4a2 BCR/ABLI-tpanckpunrtu. IlamieHTiB 3 piakic-
HUMM TUTNIAMU TPAHCKPHUMTIB Ta KOEKCIPECIEIO AeKib-
KOX TPaHCKPUIITIB i3 JOCHiIXKEHHS 0YJ1I0 BUK/IIOUEHO.

binplla yacTMHa Malli€HTIB OTPUMYBAIU IOIEPEIHE
JIIKyBaHHS Pi3HUMU TpernaparamMu (TiZpoKCUCEYOBUHA,
OycyabdaH, iHTepdepoH). TpuBanicTh NnepeaslikoBa-
HOCTi cTaHoBMIA Binm 1 g0 238 micsiB (Memiana 12 mic.).
VY 189 nauientiB (37,2 %) imatnHi06 Oy/I0 IMpPU3HAYECHO
MPOTSATOM Teplnx 6 MiCsLiB Bil JaTM BCTaHOBJIEHHS
niarHosy, y 218 (42,9 %) — npotsirom 6-36 MicsLiB Ta y
101 mamienTiB (19,9 %) nepion mepema1iKOBaHOCTI ITepe-
BUILYBaB 36 MiCsILIiB.

CrapToBa cTaHIapTHa 103a iMaTUHIOy ckiamama 400
MI' Ha 100y. ¥ BUMNAAKy BTpaTH MOCSTHYTOI LIMTOT€HE-
TUYHOI 4YM MOJIEKYJSIDHOI BiAIOBiOi J03y Mperapary
30inbiyBanu 1o 600—800 Mr Ha noOy. 110 mauieHTiB y
3B’513Ky 3 Hee(heKTUBHICTIO iMaTUHiIOy Oy/u mepeBeaeHi
Ha jikyBaHHs1 ITK 2-ro mokoJjliHHSI — HUTOTHUHIOOM Yy
nmo3i 800 Mr Ha moOy.

Ipymy 2 cknapanu 13 manieHTiB, sIKi 3a3HaIM Jii i0Hi3y-
[oYoro onpoMiHeHHsT BHacigok aBapii Ha YAEC. Cepen
HUX 8 0cib Oy/M ydacHMKaMU JIiKBimallii HACainKiB aBapii
Ha YAEC y 1986—1988 pp., 1 — eBakyitoBanuii y 1986 p. i
4 — XuUTesi 30HU MOCUJIEHOTO PalioeKOJIOTiYHOr0 KOHT-
posro. MeniaHa BiKy TMAIli€HTIB 1€l TPyny Ha yac BCTa-
HOBJIEHHs niarHo3y ckiagana 43 poxku (Bim 29 mo 69
pokiB). MemiaHa 4acy Bim BCTAHOBJICHHS IiarHO3y IO
NpU3HaYeHHs iMaTUHIOY ckitagana 11 micsuis (Big 1 1o 66
Mic.). Po3mnomin 3a crarTio OyB TakuM: 6 4OJIOBIKiB Ta 7
JKiHOK. 3a CTaTTIo, BiKOM, KJIiHiKO-TeMaTOJIOTiYUHUMU Xa-
paKkTepUCTUKAMU Ha MOMEHT BCTAaHOBJICHHSI [IiarHO3y Ta
TPUBAICTIO TIEPEeAJIIKOBAHOCTI rpyIia 2 OyJia moaioHoIo 10
rpynu 1. [Ipyr BCTaHOBJIEHHI 1iarHO3y BUKOHYBaJIU 1IUTO-
TeHETUYIHE AOCIIIIKEHHSI METOIOM KapiOTUIIyBaHHS XpO-
MocoM 3 mudepeHiiHIM G-3a0apBIIeHHSIM, He MEHIIe
20 meTacda3 Ha 3pa3ok, K onucaHo paniire [8]. Llutore-
HETUYHUN MOHITOPUHTI MAlLi€HTIB MPOBOAWUIM 3TiAHO 3
pekoMmeHaauissMu ELN 2013 koxHi 3 Micsui 10 mocsr-
HEHHSI TTOBHOI LIMTOreHEeTUYHOI BiAMNOBiAi, a moTiM 1 pa3
Ha piK [9]. 151 MOJIEKYyJISIPHOTO MOHITOPMHTY BUKOPHC-
TOBYBJIM METOJ KiJIbKiCHOI TOJliMepa3HO-JaHIIOTOBO1
peaxiii y peaJbHOMY 4Yaci. AHaJTi3yBaJIM CMiBBiIHOLIEHHS
KinbKocTi koriii reHa BCR/ABL I 1o KinbKOCTi KOITili TeHa
ABL 1, BupaxeHe y BigcoTkax. JocaimKeHHsT TpOBOIUIN
3 iHTepBaJIOM 3-6 MICSIIiB 10 TOCSITHEHHSI BEJIMKOI MOJIe-
KyJisipHoi Bianogini (BMB), a notim 1 pa3 Ha pik [9].

OuiHKy BIiIMOBimi Ha Teparriio MPOBOAWIIN 3TiZHO 3
kputepismu ELN 2013 [9, 10]. IToBHOI0O LIUTOreHETHY -
Hoto Bignosigato (ITLIB) BBaxkanu BiacyTHicTh Ph-11031-
TUBHUX KJIITMH Yy KicTKoBoMy Mo3Ky. Kpurepiem BMB
0yB piBeHb excripecii BCR/ABL 1 menie 0,1 %. Imuboka

were included in the group. Patients with rare tran-
script expression or coexpression of multiple tran-
scripts were excluded from the study.

The majority of the patients were pre-treated with
various drugs (hydroxyurea, busulfan, interferon)
prior to the starting of imatinib therapy. The length
of the pre-treatment stage was from 1 to 238 months
(median 12 months). 189 patients (37.2 %) received
imatinib within 6 months after diagnosis of CML.
Another 218 patients (42.9 %) had a pre-treatment
period of 6 to 36 months and 101 patients (19.9 %)
were pre-treated for over 36 months.

Start standard imatinib dose was 400 mg/day. In
case of loss of the previously achieved cytogenet-
ic or molecular response the dose was escalated to
600—800 mg/day. 110 patients were switched to
the second-generation TKI (nilotinib) at 800
mg/day due to inefficiency of the imatinib treat-
ment.

Group 2 was comprised of 13 patients who were
exposed to ionizing radiation due to the
Chornobyl NPP accident. Eight of them were
cleanup workers in 1986—88 after Chornobyl acci-
dent, one was evacuated in 1986, and four live in
the zone with enhanced radiation control. Median
age of the patients in this group at the time of diag-
nosis was 43 years (from 29 to 69 years). Median
time from diagnosis to imatinib therapy was 11
months (from 1 to 66 months). The group had 6
males and 7 females. Groups 1 and 2 were similar
in age, sex ratio, clinical-hematologic parameters
and pre-treatment period at the time of diagnosis.
Diagnostic procedures included cytogenetic test-
ing by karyotyping of chromosomes with G-band-
ing, at least 20 metaphases per sample as previ-
ously described [8]. Cytogenetic monitoring was
performed according to recommendations of
ELN 2013: every 3 month until the complete
cytogenetic response (CCyR) and then once a
year [9]. Molecular monitoring was performed
using real-time quantitative PCR. We analyzed
percent ratio of the number of copies of
BCR/ABLI1 to that of ABLI. The tests were per-
formed with 3-6 months intervals until the major
molecular response (MMR) was achieved, and
then once a year [9].

The therapy response was analyzed according to
ELN 2013 criteria [9, 10]. Complete cytogenetic
response (CCyR) was defined as absence of Ph-pos-
itive cells in the bone marrow. MMR was defined as
BCR/ABL1 expression level lower than 0.1 %.
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MoJieKyJisipHa Biamnosias (MB4) dikcyBanacs npu piBHi
ekcrpecii BCR/ABL1 menme 0,01 %, abo BincyTHOCTI
exkcrpecii BCR/ABL1 3a ymMoBU, IO KiJIBKiCTb KOl
KOHTpoJibHOTO reHa ABL I 6yna He meHie 10 000 [9].

[lepBUHHY PE3UCTEHTHICTh BU3HAYAIU Yepe3 6 Mics-
LiB, SIKIIO KiJIbKiCTh Ph-MO3UTUBHMUX KJIITUH MEpeBU-
myBaia 35 % Tta/abo piBeHb TpaHckpunty BCR/ABLI
OyB OinbwIii 3a 10 %, yepe3 12 Mics1IiB — K BiICyTHICTh
ITLIB ta/a6o piBenb tpanckpunty BCR/ABL1 > 1 %.
BToprHHOIO pe3UCTEHTHICTIO BBaXKaIl BTPATy JOCSITHY-
TOI MOBHOI reMaToJIOriYHOI, LIUTOIEHETUYHOI 1/a00 Be-
JINKOI MOJIEKYJISIPHOI BiJIITOBIii UM TIPOTPECiIO 3aXBOPIO-
BaHH Mig yac aikyBaHHs ITK [9].

ITporpeciero BBaxkanu TpaHchopmallito 10 ¢a3u akce-
Jiepallii abo 6;1aCTHOI KpU3H.

BiporigHicTh 3aranbpHoi BukuBaHocTi (OS), BuKMBa-
HocTi 6e3 nporpecii (PFS) Ta 6e3noaiiiHO1 BUXXMBAHOCTI
(EFS) pospaxoByBanu 3a metonom Kaplan-Meier. PFS
BU3HAYaJIN K BIKMBAHICTh 0e3 03HaK (pa3u akcesepallii
abo OmactHoi Kkpusu. Ilomiero mpu po3paxyHKY
BiporigHocTi EFS BBaxkasim cMepTh Mif yac JIiKyBaHHS 3a
OyIb-SIKMX MPUYMH, IIPOTPECiI0 Ta BTpaTy OOCSATHYTOI
ITLB. Po306ixkHOCTI MixX MiArpyrnaMu OL[iHIOBaIX 3a J10-
noMoroio log-rank ta ¥2-tecty. KymynsiTuBHYy Bipo-
rigaicte ITIHB, BMB Ta MB4 ouiHooBaiu MeTomoM
Kaplan-Meier. IT1I1B, BMB ta MB4 6yau noaisimu, 1110
aHaJli3yloThb, a JaHi MPO MAaLli€HTIB, SIKi HE OTpUMAaIU
afeKBaTHOI BinmoBini, Oyau nepeseneHi Ha iHmmi ITK,
noMepJiu ado 3MporpecyBaji, IEeH3ypyBaiu 32 OCTAaHHb-
010 JaToio crocrepexkeHHs. CTaTUCTUYHY 00pOOKY na-
HUX IPOBOAWIN 3 BUKOPUCTAHHSIM CTaTUCTUYHOTO IIa-
kety SPSS Statistics 21 Ta Tadbnuips Microsoft Excel.

PE3VYIJIBTATU 1 OBI'OBOPEHHA
Cepen 508 obcrexxennx naiieHTiB 3 rpynu 1y 192 (37,8
%) Tali€eHTIB peecTpyBaiu TpaHckpunt el3a2, y 316
(62,2 %) — tpanckpunrt el4a2. Iy BCiX MalieHTiB Oyi10
NpoaHalli3oBaHO B3a€EMO3B’SI30K MiX TUIIOM TpaH-
ckpunty BCR/ABLI Ta KiIiHiKO-TeMaTOJIOTiYHUMHU Ja-
HUMM, a caMe BIKOM, CTAaTTIO, KUIbKIiCTIO JIEMKOILIUTIB,
TPOMOOILIMTIB Ta KOHIIEHTpALIiEI0 TeMOIJI00iHy Ha 4Yac
BCTaHOBJIEHHS OiarHo3y XMJI, a TakoX TpUBaJiCTIO 11O~
nepeaHbol Tepallii 10 MpU3HAUYeHHS iMaTHUHiOY.
3arajbHa KJIiHiYHa XapaKTepUCTUKA Ipynu 1 maiieHTiB
Ha yac BCTaHOBJIEHHs AiarHo3y XMJI HaBeaeHa B Ta0uI. 1.
ITinrpynu maumieHTiB, y SIKMX €KCHpecyBalucs TpaH-
ckpunTu el3a2 i el4a2, He PO3PI3HSIINCS 3a BIKOM, CTaT-
TIO Ta YaCOM TIepeJIiKOBAaHOCTI. AHAJIi3 TTOKAa3HUKIB KPOBi
mig yac BcTaHOBJIeHHS AiarHo3y XMJI He BUSIBUB 3Hauy-
LIUX PO30IKHOCTEN Yy piBHI JIGMKOLIMTIB, TPOMOOLIUTIB Ta
reMor;00iHy. PiBeHb 10JaTKOBHX XpOMOCOMHUX abepalliit

Molecular response 4 log (MR4) was defined as
BCR/ABL1 expression level of less than 0.01 % or
undetectable BCR/ABL 1, but only if the number of
copies of the control ABL I gene exceeded 10,000 [9].

Primary resistance was determined if number of
Ph-positive cells exceeded 35 % and/or the level of
BCR/ABLI transcript was >10 % after 6 months of
imatinib treatment; or in case of no CCyR and/or the
BCR/ABLI transcript level of >1 % after 12 months
of imatinib treatment. Secondary resistance was defi-
ned as a loss of previously achieved complete hema-
tologic, cytogenetic, and/or major molecular res-
ponse, or disease progression during TKI therapy [9].

Disease progression was defined as transforma-
tion to accelerated phase or blast crisis.

Probability of overall survival (OS), progression-
free survival (PFS) and event-free survival (EFS)
were calculated using Kaplan-Meier method. PFS
was defined as survival without signs of acceleration
or blast crisis. During the calculation of EFS an
event was defined as death of a patient on treatment
for any reason, progression of disease, or loss of
CCyR. Differences between groups were assessed
using log-rank and %2 tests. Cumulative probability
of CCyR, MMR, and MR4 was assessed using
Kaplan-Meier test. CCyR, MMR, and MR4 were
analyzed events, while the data about the patients
who did not respond to treatment, were switched to
a different TKI, died, or progressed, were censored
according to the last date of assessment. Statistical
analysis was performed using SPSS Statistics 21
and Microsoft Excel.

RESULTS AND DISCUSSION
Transcript e13a2 was detected in 192 patients (37.8
%) and el4a2 transcript — in 316 patients (62.2 %)
among the 508 patients from group 1. Relationship
between the type of BCR/ABLI transcript and
clinical and hematological data, such as age, sex,
number of white blood cells, platelets and hemo-
globin concentration during CML diagnosis, and
treatment duration prior to the appointment of
imatinib were analyzed for all patients.

Summary of the patients’ characteristics at CML
diagnosis (group 1) is presented in table 1.

Subgroups of patients with transcripts e13a2 and
el4a?2 did not differ in age, sex and pretreatment
time. Blood cells examination at the CML diagno-
sis revealed no significant differences in the rate of
white blood cells, platelets and hemoglobin. The
rate of additional chromosomal aberrations (ACA)
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3aranbHa XxapaKTepuCTUKA nauieHTiB rpynu 1

Table 1
Patients’ characteristics at CML diagnosis (group 1)

Mokasuuku mienorpamu / myelogram indices

e13a2 (n=192) e14a2 (n = 316)

Bik Ha 4ac BCTaHOBNEHHs giarHo3y XMJ1, megjaHa, poku (mianasoH) 42 (18-70) 42 (18-71)
Age at the CML diagnosis, median, years (range)

Crarb, 4YOMOoBIKu/XiHKU 98/94 139/177
Gender, male/female

'emorno6iH, r/n 110,8 £+ 28,2 119,3 £ 23,5
Hemoglobin, g/L

KinbkicTb nejtkouwTia, x10°/n (M £ SD) 118,0 + 88,58 116,21 + 89,26

White blood cell count, x10%L (M + SD)

KinbkicTb TpomGouuTie, x10°/n (M SD) 355,88 + 114,26 457,37 + 329,54
Platelet count, x10%L (M £ SD)

Yac 1o noyarky Tepanii iMaTuHibom, MefiiaHa, Mic (njanasoH): 12 (1-238) 11(1-220)
Duration of pretreatment before imatinib, median, months (range):

> MeHLe 6 mic., n / <6 month., n 57 111

> 6-36 mic., n / 6-36 month, n 91 144

> Ginblue 36 mic., n / >36 month, n 44 61

HasiBHICTb OAATKOBKX XPOMOCOMHUX aHoManii, n (%)
Additional chromosomal abnormalities, n (%)

23173 (1,16 %) 23161 (1,24 %)

HasBHicTb BapiaHTHOI £(9;V;22), n (%)
Variant translocation t(9;V;22), n (%)

33173 (1,73 %) 43161 (2,48 %)

(IXA) i BapiaHTHUX TpaHcoKalii t(9;V;22) He BiIpi3HsIB-
cs1 y Mali€HTiB 3 TpaHCKpunTaMu e13a2 ta el4a2.

TpuBanicTh JNiKyBaHHSI iMaTUHIOOM, Y TOMY YMCIi B
no3i 600—800 Mr/moby, ckimamana Bim 3 go 159 wic.
(Me 35 wmic.).

B rpyni 2 cepen nauieHTiB, sIKi B aHaMHE3i MaJlu Jit0
10HiI3yI0UOIro ONPOMiHEHHSI, TAKOX He OYJIO BUSIBJIEHO
BiAIMiHHOCTEe# MiX KJIiHiKO-IeMorpadidyHUMU 0COOIM-
Boctamu MaHidectauii XMJI. IIpuBeprae yBary nepe-
BaxKaHH B Lili rpyni namieHTiB 3 e14a2 TpaHCKPUIITOM
(9 mpotu 4 3 el3a2 TPaHCKPUIITOM), ajie PO30iXKHICThH
He MaJia BillTOBiAHOTO PiBHSA CTATUCTUYHOI 3HAYYIIIOCTI
(p=0,775).

JocninkeHHsT HMTOreHETUYHOI BiMOBii y MaLli€HTIB
rpymu 1 3 el3a2 i el4a2 TpaHCKpHUIITAMU HE BUSIBUJIO
Oynb-akux BimmiHHocTeill. PiBenb ITLIB uepe3 12, 181 24
Micslli CIOCTEePEeXEHHS BipOTiMHO HE BiIpi3HSABCS Y
nauieHTiB 3 el3a2 Tta el4a2 TpaHckpuntamu (Tadj. 2).
Kymynsarusna Biporignicts ITLB cknamana 76 i 80 % y
naiieHTiB 3 el3a2 Ta el4a2 TpaHCKPUIITOM BiIMOBimHO
(p = 0,981). Meniana yacy nocsirHeHHs I11IB Oyna ox-
HaKoOBOIO B 000X rpymnax CIocCTepexXeHb i ckiaagana 20
MiCSI1IiB.

OpHak, aHaji3 piBHSI MOJICKYJISIPHOI BiITOBiZi MOKa-
3aB, 110 cepen naiieHTiB 3 [TL[B Ha 12-my Mmicsui Teparmii
iMmatTuHiOOM piBeHb BMB 0yB BiporiiHo BUIIMIA Y
nauieHTiB 3 e14a2 TpanckpuntoM (61,5 % npotu 23,0 %,

and variant translocation t (9;V;22) did not differ
in patients with el13a2 and el4a2 transcripts.

Duration of imatinib treatment, including a dose
of 600-800 mg/day varied from 3 to 159 months
(Me = 35 months).

In group 2 among patients who had in anamnesis
confirmed presence of radiation exposure due to the
Chornobyl accident, also found no difference
between the clinical and demographic features of
CML. There is the prevalence of patients with
el4a2 transcript (9 vs 4 with e13a2 transcript) in this
group, but the difference did not have the appropri-
ate level of statistical significance (p = 0.775).

Research of cytogenetic response in patients
with el13a2 and el4a2 transcripts from group 1 did
not show any differences. CCyR rate at 12, 18 and
24 months of observation did not differ significant-
ly in patients with el3a2 and el4a2 transcripts
(table 2). Cumulative probability CCyR was 76
and 80 % in patients with el3a2 and el4a2 tran-
script, respectively (p = 0.981). The median of
CCyR achievement was similar in both groups and
presented 20 months.

However, analysis of the molecular response
showed that among patients with CCyR at 12 months
of imatinib therapy MMR rate was significantly
higher in patients with el4a2 transcript (61,5 %
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Ta6auuysa 2

PieeHb MUB y nayieHTie 3 e13a2 1a el4a2 TpaHckpunTamm Ha 12, 18 Ta 24-11 MicALb CNOCTEpPeXKeHHA

Table 2

CCyR rate in patients with e13a2 and e14a2 transcripts at 12, 18 and 24 months of observation

12 micsujis/ months

18 micsuis / months

24 wmicaui / months

Tun TpaHckpunTy

KiNbKiCTb NaLi€eHTiB BiACOTOK

KiNIbKiCTb NawjieHTiB

BiACOTOK KiNbKiCTb NaLi€eHTiB BiACOTOK

Transcript type nauienrie 3 MNLB nauienrie 3 MNLB nauienrie 3 MNLB
total patients % of total patients total patients % of total patients total patients % of total patients
achieving CCyR achieving CCyR achieving CCyR
el13a2 75 42,67 70 55,71 49 57,14
el4a2 152 44,07 121 56,2 73 63,01

x2 = 5,778, p = 0,016). lllogo rmnbGoKoi MOJEKYISIPHOI
Binmosini, 38,7 % nawieHTiB 3 e14a2 TPaHCKPUIITOM J10-
carmmm MB4 nmo 24-ro micsiig Teparii, 10 BipoTigHO
OisblIIe MOPiBHSHO 3 6,25 % MallieHTiB 3 TPAHCKPUTITOM
el3a2 (x> = 5,557, p = 0,018). Bincorku HaBeneHi
BiTHOCHO KiJIbKOCTi MAalli€HTiB, SIKi MaJIu TMTOBHY LIMTOTe-
HEeTWYHY BimmoBimb Ha 12-11 Ta 24-i1 Mmicdii Teparrii
BiIMOBITHO.

Kaplan-Meier aHani3 mBUaKocTi gocsirHeHHs: BMB Bu-
SIBUB TPeH A0 30iIbLIEHHS Yacy 10 aocsrHeHHss BMB y
namieHTiB 3 e13a2 TpaHCKPUNITOM TTOPIBHSIHO 3 TTalli€eHTa-
mu 3 el4a2 tpanckpunroM (Me = 60 Mmic. mpotu Me = 57
MiC., BilIOBiIHO), OAHAK Pi3HULIS He OyJa CTATUCTUYHO
3Hauyolo (p = 0,066). KymyasaTuBHA BipOTiIHICTh JOCST-
HEHHS TJIMOOKOI MOJEeKYJIsIpHOi Bigmosini MB4 depe3 8
pOKiB Tepartii iMaTHiIOOM y TalieHTiB 3 el3a2 ta el4a2
TPaHCKPUIITOM He Billpi3Hsiiachk i ckinamana 37,1 ta 36,5 %,
BinnoginHo (p = 0,148). He3Baxatouu Ha BiICYyTHICTb pO3-
OiKHOCTEl y IMHAMilli IUTOreHeTUYHOI BilMOBidi, Malli-
€HTH 3 TpaHcKpunTamu el3a2 Tta el4a2 3HaUYHO Bigpi3HSI-
IOTbCSI AMHAMIKOIO CTAHOBJIEHHST MOJIEKY/ISIPHOI BilIOBi-
ni. Cepen nauieHTiB 3 e14a2 BiporigHo Oijiblla YacTUHA 10
12-To Micg1g Tepalrii Maja peayKIilo MyXJIMHHOTO KJIIOHY
no piBHg BMB. A 1o 24-ro micsis came B 1iii Tpymi ma-
LIIEHTIB peeCTpyBaoCs Oibllle BUTIAAKIB 3HUXKEHHS ITyX-
JIMHHOTO KJIOHY 110 piBHSI MB4 (Mente 0,01 %) mopiBHsI-
HO 3 TanieHTamu 3 el3a2 TpanckpunToMm. OTpuMaHi pe-
3yJIbTaTH CBiIUaTh PO OiJIbLI e(DEKTUBHY BiAITOBIIb HA Te-
parito iMaTMHIOOM y TIalli€HTIB 3 €l4a2 TpaHCKPUIITOM
MOPiBHSIHO 3 NauieHTaMu 3 €13a2 TpaHCKPHUIITOM.

He Oyjio BUsIBIIEHO CTAaTUCTUYHO 3HAUYYIIUX BiAMiH-
HOCTel y 3arajibHill BuzkuBaHocTi (91 Ta 92,4 %, Biamo-
BimHO, p = 0,606, 2= 0,266) Ta y BUXKMUBAHOCTi 6€3 Mpo-
rpecii (88,1 ta 91 %, BinnosinHo, p = 0,239, 2 = 1,386)
Mix mauieHtamu 3 XMJI, y skux excripecyBaBcs el3a2
abo el4a2 rpaHckpunt. B Toi1 e yac 6e3moiiiHa BUXH-
BaHIiCTh y MalLlieHTIB 3 e€13a2 TpaHCKPUIITOM Oyna Bipo-
TiIHO HMXKYOIO MOPiBHSIHO 3 MalieHTaMu 3 el4a2 TpaH-
ckpuntoM (52 % npotu 61,0 %, p = 0,039, x2 = 4,258)

versus 23,0 %, x> = 5,778, p = 0.016). 38.7% of
patients with e14a2 transcript achieved MR4 till the
24th month of treatment. It was significantly more
in comparison with 6.25 % patients with e¢13a2 tran-
script (2 = 5,557, p = 0.018). Percentages are done
concerning the number of patients who had a com-
plete cytogenetic response after 12 (for MMR) and
24 months (for MR4) of therapy, respectively.

Kaplan-Meier analysis showed a prolongation of
MMR achievement in patients with el3a2 tran-
script compared to patients with el4a2 transcript
(Me = 60 months versus Me = 57 months, respec-
tively). However, the difference was not statistical-
ly significant (p = 0.066). The cumulative proba-
bility of MR4 after 8 years of imatinib therapy did
not differ between patients with el3a2 and el4a2
transcript and was 37.1 and 36.5 %, respectively (p =
0.148). Despite the lack of differences in the pat-
tern of cytogenetic response the patients with
el3a2 and el4a2 transcripts are significantly dif-
ferent in the course of molecular response forma-
tion. However, most of the patients with e14a2 had
a reduction of tumor clone to the level of MMR by
12 months of therapy. And by the 24™ month more
cases of reduced tumor clone to the level of MV4
(less than 0.01%) were registered in that patient
group vs. patients with el3a2 transcript. The
results suggest a more effective response to ima-
tinib therapy in patients with el4a2 transcript
compared to patients with el13a2 transcript.

There were no significant differences in overall
survival (91 and 92.4 % respectively, p = 0.606,
x% = 0.266) and in progression-free survival (88.1
and 91 % respectively, p = 0.239, 2 = 1.386)
between patients with CML with el13a2 or el4a2
transcript. At the same time, event-free survival in
patients with el3a2 transcript was significantly
lower ascompared to el4a2 patients (52 % vs.
61.0 %, p = 0.039, x2 = 4.258) (Fig. 2). To calcu-
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PucyHoK 1. OuiHka metopom Kaplan-Meier yacy pocArHeHHsA BenuKkoi MonekynapHoi Bignosiai (A) Ta yacy
AOCATHEHHA rMnbokoi MonekynapHoi Bignosiai (b) y nauienTie 3 e13a2 T1a e14a2 BCR/ABLI-TpaHcKpunTamm

Figure 1. Kaplan-Meier plots: A - Kaplan Meier estimate of time to achievement of major molecular response
for patients with the e13a2 and e14a2 BCR/ABL transcripts; B — Kaplan Meier estimate of time to achievement
of molecular response MR4 for patients with the e13a2 and e14a2 BCR/ABL transcripts

(puc. 2). dna po3paxyHKy Oe3nomiiiHoi BukuBaHOCTi  late event-free survival we took into consideration
BpaXOBYBaJIM He TIJIBKKM CMEPTh i IIporpecito, ane i BTpa-  not only death and progression, but also the loss of
Ty IOCSITHYTOI BifIToBiAi (Mu BpaxoByBaim juile BTpaTy  the achieved response (we recorded only the loss of
I11IB). To6To, 3HmxkeHHs BiporimHocti Oe3moxiiinoro  CCyR). By this means, reduction of the event-free
BWKMBAHHS y TaIli€HTIB 3 €13a2 TpaHcKpunTOM MOXe  survival probability in patients with el3a2 tran-
CBimunTHM TakoxX Iipo vacTimry Brpaty IILIB B 1iit rpymi  script may also indicate more frequent loss of
MalieHTiB, TOOTO 30iNbIIeHHs BUTAIKiB po3BUTKY BTo- CCyR and increase the rate of secondary resist-
PUHHOI pe3UCTEHTHOCTI. ance in these patients.

JU1st MOpiBHSIHHSI YaCTOTU PO3BUTKY PE3UMCTEHTHOCTI, To compare the incidence rate of resistance in
B rpymnax nauieHTiB 3 e13a2 ta e14a2 tunom TpaHckpur-  patients with e13a2 and el4a2 transcripts we ana-
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PUCYHOK 2. Pe3synbtatu Kaplan-Meier aHani3y: A - BiporigHictb BMXuBaHocTi 6e3 nporpecii y nauiexrie 3
e13a2 ta e14a2 TMNamMn TPAHCKPUNTY, CTaTUCTUYHO 3HAYYLWKUX po36ixkHOCTeNn He BuaBneHo (p = 0,239);
b - BiporigHicTb 6e3nopinHoi BUKMBaHOCTI y nauieHTiB 3 e13a2 Ta e14a2 Tunamm TpaHckpunty (p = 0,039)

Figure 2. Kaplan-Meier analysis: A - the probability of progression-free survival in patients with e13a2 and
el4a2 transcripts, no statistically significant differences were observed (p = 0.239); B - probability of event-
free survival in patients with e13a2 and e14a2 transcripts (p = 0.039)
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Taoauuya 3

BignoBigb Ha Tepaniio imaTuHi6om y nayieHTie 3 XMJ1 3 e13a2 1a e14a2 TpaHCKpUNTamm

Table 3

Imatinib therapy response in CML patients with e13a2 and e14a2 transcripts

3aranbHa KinbKicTb NawLieHTIB

KinbKicTb pe3MCTEHTHUX NaLieHTiB
BiAHOCHO 3aranbHOI KinbkocTi, % Xz p

Total patients

% of total patients

lMepBuHHa pe3ncTeHTHicTy / primary resistance

el13a2 155 41,3 0,017 0,895
elda2 267 ,

BropuHHa pesucteHTHicTb / secondary resistance

e13a2 124 24,2 2,754 0,252
elda2 230 15,7

Henocarnenns BMB / failure of MMR

el13a2 138 12,3 3,368 0,066
el4a2 251 6,4

BropuHHa pe3ucteHTHicTs 260 HegocsarHeHHs BMB / secondary resistance or failure of MMR

el13a2 108 43,5 5,948 0,015**
el4a2 214 24,8

Ty aHaJli3yBaJIM KidbKiCThb BMIIAJIKiB 3 MEPBUHHOIO pe-
3UCTEHTHICTIO, BTOPUHHOIO PE3UCTEHTHICTIO, a TaKOX
KiJbKiCTh BUIIaAKiB HegocsirHeHHsT BMB npotsirom
Oinplme HixX 2 poku. Pe3ynsrati HaBeneHi y Tadmmii 3.

KinbKicTh MEpBMHHO PE3MCTEHTHUX TALIEHTIB, Y SKUX
HEe BIAJIOCS TOCSIITA INOBHOI IUTOT€HETWYHOI BiIMOBIii
TPOTSATOM BChOTO TEPIOIy CITOCTEPEXEHHS, CKJIaaia mo-
Han 40 % B 000X mOCHiIKyBaHMX Ipynax. Yacroru Bu-
MajKiB BTOPMHHOI PE3UCTEHTHOCTI Ta HEJOCSITHEHHS
BMB, po3paxoBaHi okpeMo, Xo4a i1 0yJI1 BULLUMU B TPYy-
Mi nauieHTiB 3 €13a2 TPaHCKPUIITOM, TTOPiBHSIHO 3 TPYIOI0
nauieHTiB 3 el4a2 tpanckpunTtoM (24,2 ta 12,3 % npotun
15,7 1a 6,4 %, BiANOBIIHO), ajie BIAMIHHICTh He JocsTrana
piBHSI CTaTUCTUYHOI 3HAYylIoCTi. PazoMm 3 TuMm, y maiti-
€HTIB 3 e13a2 TpaHCKpUNTOM OYJI0 BUSIBIEHO CTaTUCTUY-
HO BipoOriiHe IepeBaKaHHsI BUMAAKiB BTPATU JOCSITHYTO1
Binnosini abo Henocsaranus BMB (43,5 % nporu 24,8 %,
p = 0,015) — Tak 3BaHO1 “HecTabiILHOIL BiAIOBIIi”.

V rpyni nauienTiB 3 XMJI, s1Ki 3a3Haiu BIJIUBY iOHi3y-
I0YOTO BUIIPOMiHEHHSI BHacaigok asapii Ha YopHo-
ounbchkiit AEC, migTBepaKyBaaucs TeHAESHIIiT 10 OiTbIIT
paHHBOI MOJIEKYJSIPHOI BiAMOBiAI Ta Kpamoi 0e3-
NoAiAHOI BUSKMBAHOCTI y NaLlieHTIB 3 e14a2 TpaHCKPUII-
TOM, aJIe He BIAJIIOCS IIPOBECTU KOPEKTHUI CTaTUCTUY-
HUI aHajli3 i BUSIBUTU CTATUCTUYHO 3HAYYIIi PO30ixK-
HOCTI Y 3B’I3KYy 3 HEBEJIMKOIO TPYIIOI0 MaIliEHTIB.

ITuTaHHS npo NporHoCTUYHE 3HaUYeHHs el13a2 i el4a2
TpaHCKpUMTiB reny BCR/ABL 1 3annima€eTbcsi 00’ €KTOM
JUCKyCiit 3 yaciB “mo imMatuHiOy”. CTpyKTypHO TpaH-
ckpunt el4a2 6inbimii 3a el3a2 Ha 75 HYKJICOTUIB Ta
konye oHko0i1ok BCR/ABLI, Ginbiuuit Ha 25 amiHO-
kucyot [11]. OgikyBaHo, 1110 OioXiMiuHiI 3MiHM OiJTKa MO-
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lyzed the number of cases of primary resistance,
secondary resistance, and failure to achieve MMR
for more than 2 years. The results are shown in
Table 3.

Number of primary resistant patients who failed
to achieve a complete cytogenetic response
throughout the observation period, was over 40 %
in both study groups. Although incidences of sec-
ondary resistance and failure of MMR, calculated
separately, were higher in patients with e13a2 tran-
script in comparison with a group of patients with
el4a2 transcript (24.2 and 12.3 % versus 15.7 and
6.4 %, respectively), the difference did not reach
the level of statistical significance. However,
patients with e13a2 transcript demonstrated signif-
icant prevalence of loss of response or failure of
MMR (43.5 % vs. 24.8 %, p = 0.015) — so-called
“unstable response.”

The trend towards earlier molecular response
and better event-free survival in patients with
el4a? transcript was confirmed in CML patients
who were exposed to ionizing radiation due to the
Chornobyl NPP accident. Unfortunately, appro-
priate statistical analysis and identification of sta-
tistically significant differences were impossible
due to the small group size.

The significance of BCR/ABLI transcripts el13a2
and el4a?2 is the subject of discussions since the “pre-
imatinib” time. The transcript el4a2 is 75
nucleotides longer than el3a2. It encodes a larger
oncoprotein BCR/ABLI, which is 25 amino acids
longer than the one translated from el3a2 [11].
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KYyTh OOYMOBUTH TIOSIBYy MOTO HOBHMX BIJIACTUBOCTEH i
cneumdiky KIITUHHUX B3aemMoiil. OaHaK, TOIIYK Kope-
TSI MiXX TUTIOM TPAaHCKPUTITY Ta (PEHOTUTIOBUM TIPOSI-
BOM 3aXBOpPIOBAaHHS (KiJIbKICTIO TPOMOOLIMTIB i JEHKO-
LIMTiB, OpraHOMeraji€lo Ta iH.) He JaB OJHO3HAYHOTO
pesyabrary. OnHi€lo 3 HalOiAbII YaCTUX 3HAXITOK € KO-
penduist TpaHCKpuUnTy €14a2 3 OiJbIIl BUCOKMM piBHEM
TpoMOouuTiB [4, 12]. 3a nanumu B. Hanfstein 3i ciiBaB-
TOpaMM, Yy TAIli€HTIB 3 €l3a2 TpaHCKPUIITOM PEECTPY-
BaBCsl BUIIMI piBeHb jJeiikouuTiB [4]. S. Polampalli 3i
crmiBaBTOpaMM BKa3yloTh Ha acomiamiro el3a2 TpaH-
CKpMIITA 3 PO3BUTKOM OJIACTHOI KPMU3M 3a MI€JOITHUM
tunoM [12]. Tpyna iTaniicbKux BYUEHUX BUSBUIA TUTBKU
BipOrimHO Oifbllly BiIHOCHY KiJbKiCTb €03UHOMIIIB Yy
namieHTiB 3 e14a2 TpaHnckpuritoMm [5]. B Toit ke wac iHmi
JOCHIAHUKN He 3HAXOOWIU KOpessuiil 3 uuMu abo
IHIMMMU KJIiHIKO-TeMAaTOoJIOTIYHUMHU TapaMeTpaMM TIij
yac BCTAHOBJIEHHS AiarHo3y [6].

B namomy mocmimkenti 508 mamieHTIB 3 XpOHIYHOIO
dazoro XMJI He OyJ10 BUSBICHO CTATUCTUYHO 3HAYYIIMX
PO30iXKHOCTEN MixX MallieHTaMu 3 TpaHcKpunTamu el3a2
Ta eld4a2 y Billi, cTaTi, KiJIbKOCTi JIEMKOLUTIB, TPOMOO-
LIMTIB Ta KOHLIEHTpaLlil reMOor/1I00iHy Ha Yac BCTAHOBJIEH-
H4 piarHo3y XMJI. LIutToreHeTMYHi TOCTiIKEHHST HEe BUSI-
BUJIA PO30iXKHOCTEH Y KiJIbKOCTI MaLi€HTIB 3 JOAATKOBU-
MU XpPOMOCOMHHMMU abepallissMu i BapiaHTHUMM TPaHCI0-
KallisTMA y TpyTIax 3 TpaHcKpuntamu el3a2 ta el4a2.

IIpyunHM HEBIAMIOBIAHOCTI B pe3yJbTaTax IpeacTaBie-
HUX JOCITiIKeHb MOXYTh OYTH pi3HOTO MOXOMKEHHs. Tax,
Ha pe3yJbTaTM MOXYTh BIUIMBAaTU KpUTEpii BigOoOpy
NaLi€HTIB Ta KUIbKICTh MALEHTIB, B3SITUX OO aHaJi3y.
KpiM Toro, BupilagbHe 3HAUEHHST MOXKe HayiexkaTtu 0io-
JjoriyHUM (pakTopaM. Lle mpuITyllieHHs Y3rOmXy€eTbCs 3
pesynsratamu G. Balatzenko 3i criiBaBTOpamu, $IKi okasa-
qu, mo turt BCR/ABLI Tpanckpunty (a came el4a2) Ko-
pesoe 3 reMaToJIOTIYHMMM TapaMeTpaMy (IiIBUILIEHOIO
KUTBKIiCTIO TPOMOOIIMTIB) TUIBKK B MiArpyIiax Malli€HTiB,
SJKi XapaKTepM3yloThbCsl Tinepekcnpeciero reHa MDRI.
MDR I xonye MmeMOpaHHWIA TpaHCTIOpTep P-TitikompoTein
(rmommna BiaToKy). [TinBuIilieHHS I0ro eKcIpecii aBTOpH 3a-
peectpyBanu B 49,5 % obcTexkeHux mawieHTis 3 XMJI [13].

Ilono naHux npo Bianoiab Ha Teparnito ITK y maiieHTiB
3 pisHuMHU TpaHckpunTamu reHa BCR/ABL 1, icHye HeOara-
TO JOCITiIKEHb, ajie X pe3yJIbTaTh TaKOX JOCUTh HEOTHO3-
HayHi. B nesikux poboTtax He 0yJ10 BUSIBJIEHO PO30iXKHOCTE
y nepebiry 3axBoproBaHH:I Ta epekTruBHOCTI Tepamnii ITK y
MaLi€HTIB i3 Pi3HUM TUIIOM TPaHCKpUNTY. Tak, B paMKax
JOCTiKeHHsT HiMelbkoi pobouoi rpyrmu CML Study 1V
npu ooctexxeHHi 1105 mauieHTIB 3 XpOHiUHOIO (ha3oro
XMJI, y naieHTiB 3 ¢14a2 TpaHCKPHUIITOM X04a i1 OyJI0 BU-
SIBJICHO Kpallly MOJIEKYJISIDHY BiMOBiIb, ajie BiIMiHHOCTeM!

Protein biochemical changes may cause the appear-
ance of its new features and new specific cellular
interactions. However, the search for correlations
between the transcript type and phenotypic manifes-
tation of the disease (the number of platelets and
leukocytes, organomegaly, etc.) did not provide an
unambiguous result. One of the most common find-
ings is the correlation of el14a2 transcript with higher
levels of platelets [4, 12]. According to B. Hanfstein
et al, higher level of white blood cells was shown in
patients with e13a2 transcript [4]. S. Polampalli et al.
reported association of el3a2 transcript with the
development of myeloid blast crisis [12]. Group of
Italian scientists found only significantly higher rela-
tive number of eosinophils in patients with el4a2
transcript [5]. At the same time, other researchers
found no correlation with these or other clinical and
hematological parameters during diagnosis [6].

In our study of 508 patients with chronic phase
CML we did not find statistically significant differ-
ences in age, sex, number of white blood cells,
platelets and hemoglobin concentration at the
time of diagnosis of CML between patients with
transcripts el3a2 and el4a2. Cytogenetic exami-
nation found no differences in the number of addi-
tional chromosomal aberrations and variant
translocation between two groups.

Reasons for discrepancies in the presented
results can be of a different origin. The results may
be caused by the patients selection criteria and
number of patients taken to the analysis. In addi-
tion, biological factors can play a crucial role. This
assumption is concordant with the results of G.
Balatzenko and colleagues, who showed that the
type BCR/ABLI transcript (namely el4a2) corre-
lated with hematological parameters (high platelet
count) only in subgroups of patients characterized
by overexpression of MDR1 gene. MDR 1 encodes a
membrane transporter P-glycoprotein (efflux
pump). Authors registered increased expression of
MDRI1 in 49.5 % of CML patients [13].

There are a few studies of response to TKI ther-
apy in CML patients with different BCR/ABL1
transcripts, but they present quite controversial
results. In some studies differences in clinical out-
come and TKI treatment efficiency in patients
with different type of transcript were not revealed.
Although the German CML Study IV working
group found better molecular response in patients
with e14a2 transcript while studying 1,105 patients
with chronic phase CML, the differences in event-
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y 6e3no/iiiHOMY Ta 3araJJbHOMY BIDKMBAHHI HE CIOcTepira-
Jochk [4]. HocmimkeHHs iHAiicbknX nautieHTiB (n = 202)
MOKAa3aJlu BiICYTHICTb BipOTiAHUX PO30iKHOCTEN y LIUTOIe-
HETUYHIl i MOJIEKYJISIpHili BiInoBini y maiieHTiB 3 e13a2 ta
el4a2 tpanckpunramu [12].

Ipyna nauieHTiB, SIKi yBiALLIM B HALLE AOCTIIXKEHHS, Xa-
pakTepu3yBajiacsl JOCUTb TPUBAJIIM CTPOKOM IIEPEITiKO-
BaHocTi (Me = 12 mic.), 1110 00yMOBMJIO OTPUMAHUIA HUX-
Yuii piBeHb Ta BiITEpMiHYBaHHS SIK IIMTOTEHETUYHOI, TaK i
MOJIEKY/ISIPHOI BilMOBii Ha Tepallilo iMaTUHIOOM, 1110 y3-
TOJIKYETHCS 3 HAIUMMU MOMNepeaHIMU AOCTiIKEHHSIMHU [7].
3Beprae yBary Toi akT, 110 HaBiThb 3a HasIBHOCTi Iie-
PENTIKOBAaHOCTI, sIKa 3MiHIOE MaTepH BiAIIOBiI HA TEPAIiiO
ITK, B HamioMy AOCJiIKEHHI MU BUSIBUWIM BipOTigHY Pi3-
HUILIO Y BiIMOBIiAI HAa Tepallilo iMaTUHIOOM MiX Mali€eHTa-
mu 3 el3a2 ta el4a2 tpanckpunramu reny BCR/ABLI.

3a pe3dyabTaTaMy HALIOro AOCTIIXKEHHS Kpalle Bil-
MoBiJaJiM Ha Tepamilo iMaTMHIOOM TmauieHTu 3 el4a2
TpaHCKpUNTOM. Xo4ya BOHM HE BiApi3HSUIUCS OU-
Hamikoto I11B, npoTte BiporigHo yacTiie (IMOpiBHSHO 3
nauieHTamu 3 el3a2 TpaHCcKpunToMm) oTpuMyBaiu BMB
Ta IIMOOKY MOJIEKYJISIpHY BiAoBiab Bxke Ha 12-ii (BMB)
Tta 24-i1 (MB4) micani mikyBanug. [lpm aHami3i Takmx
JNIOBFOCTPOKOBMX TOKa3HMKiB, $IK 3arajbHa BUXMU-
BaHiCTh, BUDKMBAHICTh 0€3 Mporpecii Ta 0e3rnojiliHa BU-
JKMBAHIiCTbh, MalieHTH 3 €13a2 BiIpi3HSIMCh KOPOTILIOIO
Oe3nopiiiHo0 BuxkMBaHicTiO. Lli gaHi 4acTKOBO y3rof-
XKYIOThCS 3 pe3dyabTaramMu pobouoi rpynu GIMEMA
(n = 559) [5]. Cepen HalMX MaLi€HTIB-HOCIiB TpaH-
ckpunry el3a2 1oCcTOBipHO MepeBaXkKajlu BUMAAKW BTpa-
TU JOCSTHYTOI BiAIoBigi ab00 BUMAAKW HEOOCSTHEHHS
BMB, 110 cBiguuTh npo acouianiro TpaHcKpunTy el3a2
3 HeCTaOUTbHOIO BiIMOBIAIIO HA TEpaIlito iMaTUHIOOM.

BucnoBmoeTbes neKijibKa IIPUIYILEeHD 010 IPUPOIN
po30iXXHOCTe! y BiAIOBiAI Ha Tepamilo iMaTUHIOOM ce-
pen nalieHTiB 3 el13a2 ta e14a2 tpaHckpunramu. C. Lucas
3i CIiBaBTOpaMu BBaXKaloTh, 1110 MPUUYMHOIO MOXe OyTH
HigBMIIEHA TUPO3UHKiIHA3HA aKTUBHICTh y MAalli€EHTIB 3
el3a2 TpaHCKpUIITOM TTOPiBHSHO 3 TMallieHTaMu 3 e14a2
TPAHCKPUIITOM (KPUTEPiEM TUPO3UHKIHA3HOI aKTUB-
HOCTi ciayryBaB cTyniHb (ocdopumtoBanHsg CrKL).
BucnosneHo mpunyiieHHs, 110 CTaHAapTHA A03a iMa-
TUHIOY HENOCTaTHbO CYNpPECye BMCOKY KiHa3HY akK-
TUBHICTh y el3a2 maiieHTiB, 110 MPU3BOAUTHL OO 3HU-
KEHHsI e(eKTUBHOCTI JIiKyBaHHsI TALI€HTIB i3 JaHUM
TUIOM TPAaHCKpUNTY [6].

Ha namy 1ymKy, MpUUYMHOK 3HUKEHHS MOJIEKYJISIPHOT
BiIMOBIiNi Ta mepeBaXkaHHS BUIIAIKiB BTpaTU OTPHUMaHOI1
BiamoBiai ado HemocsranHss BMB y mauieHTiB 3 el3a2
TPAHCKPUIITOM MOXe OyTH BMOIpKOBE 3B’SI3yBaHHS
HLA-mMmonekyiaMu TIpOLIECOBAHUX aMiHOKMCIOTHUX

(1) 338

free and overall survival were not observed [4].
Research in Indian patients (n = 202) showed no
significant differences in cytogenetic and molecu-
lar responses in patients with el3a2 and el4a2
transcripts [12].

A long-term pretreatment period (Me = 12
months) was the main feature of CML patients
included in our study. It resulted in delay and
decline of the rate of both CCyR and MMR to
imatinib therapy, which is consistent with our pre-
vious studies [7]. It was noteworthy that we found
a significant difference in response to imatinib
therapy between patients with el3a2 and el4a2
BCR/ABLLI transcripts even under the condition
of long pretreatment period that changes the pat-
tern of response to TKI therapy.

The results of our study showed that patients with
eld4a2 transcript had better response to imatinib
therapy. They were not notable for dynamics of
CCyR, but patients with e14a2 transcript were more
likely (compared to patients with el3a2 transcript)
to achieve MMR and deep molecular response at
the 12 (MMR) and 24 (MR4) months of treatment.
Analysis of long-term outcomes such as overall sur-
vival, progression-free survival and event-free sur-
vival revealed that patients with e13a2 demonstrat-
ed shorter event-free survival. These data are con-
sistent with the results of the GIMEMA working
group (n = 559) [5]. Incidence of loss response and
failure of MMR was significantly predominated
among our patients-carriers of el3a2 transcript.
This fact could indicate the association of transcript
el3a2 with unstable response to imatinib therapy.

There are some assumptions about the nature of
the differences in the imatinib therapy response in
patients with e13a2 and e14a2 transcripts. C. Lucas
and colleagues consider that the cause can lie in the
enhanced tyrosine kinase activity in patients with
el3a2 transcript compared to patients with el4a2
transcript (degree of phosphorylation CrKL served
as a criterion of tyrosine kinase activity). It was sug-
gested that the standard dose of imatinib was not
high enough to suppress high kinase activity in
el3a2 patients which ultimately resulted in reduc-
tion of the efficiency of treatment in patients with
this type of transcript [6].

In our opinion, selective binding of processed
amino acid fragments of the chimeric BCR/ABLI
(el4a2) peptide by HLA-molecules compared to
the chimeric peptide BCR/ABL1 (el3a2) may
cause the decline of molecular responses and the
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(dparmentiB xumepHoro BCR/ABLI1 (el4a2) nmentumy
nopiBHsHO 3 xuMmepHuM ItentuaoM BCR/ABLI (el13a2).
Ile nmpu3BoauTh 0 iHiLialii iMyHHOI BiMOBiAi 3 IIO-
JAJIBIIOI0 MePEBaXKHOIO eTiMiHALIIEIO KITITUH MyXJIMHHO-
Tro KJIOHY 3 BapiaHTOM XMMEpPHOIro TpaHcKpuTa el4a2
[14-16], 10 MOSICHIOE TTepeBaskHe HOCICTBO FiOpUIHO-
ro TpaHckpunty el3a2 cepen xBopux Ha XMJI 3 BToprH-
HOIO pe3ucTeHTHicTIO no Teparii ITK.

BHUCHOBOK

TakuM YMHOM, MU HE BUSIBUJIU YiTKUX KOPEJISILIii MiK TU -
MOM TPAHCKPUITY Ta OYAb-IKUMU AeMorpachiyHuMu adbo
KJIiHIKO-TeMaTOJIOTIYHUMHU ITOKa3HMKAaMKM Ha 4Yac BCTa-
HOBJICHHS AiarHO3y B rpynax croctepexeHHs. He Oyio
BUSIBJIEHO BigMiHHoOcTell y jgocsrHeHHi IIIB cepen
nauieHTiB 3 el3a2 Tta el4a2 tpanckpuntamu. [Ipote y
nauieHTiB 3 e14a2 TpaHCKPUIITOM CHOCTepirajach Kpaiia
MOJIEKYJISIpDHA BiIMOBiAb BxXe Ha 12-My Micsui Tepartii
iMaTHIOOM. JI1s malieHTiB 3 TpaHcKpunToM el4a2 Oyia
XapakTepHa Kpallla 0e3rnofiiiHa BMXXMBAHICTh, a TaKOX
MEHIINI BiICOTOK BUIAIKIB BTPAaTH JOCITHYTOI LIUTOTe-
HETUYHOI Ta/ab0o MOJIEKY/ISIpHOI Bimmosimi. Mwu BBa-
KaeMo, mo el3a2 TpaHCKPUNT MOXKHA PO3MIISIATH K
HECMPUATINBUI MPOTHOCTUYHMI (akTop TIpU Tepartii
iMaTuHiIOOM. bepyuu 10 yBaru, 1o OHi€l0 3 MPUIUH He-
JIOCTaTHBLO IJIMOOKOI Ta HecTabiIbHOI BilIOBiAI HA Tepa-
Mi1o iMaTUHIOOM y mallieHTiB 3 e13a2 TpaHCKPUIITOM MOKe
OyTu BUOIpKOBe posmi3dHaBaHHSI MoseKyaamu HLA uay-
KOpigHMX TyxmHocnenudiunmx antureHisB BCR/ABLI,
BBaXXKaEMO 3a JOLIIbHE PO3IJITHYTU ITUTAHHS IIPO 3aCTO-
cyBaHHsI koMOiHauil I'TK 3 iMmyHOMOay/Tt0r0uMMU npena-
paraMu B Tepaltii nauieHTiB 3 e13a2 TpaHCKPUIITOM.
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prevalence of loss of response or failure of MMR
in patients with e13a2 transcript. This leads to the
initiation of the immune response followed by an
overwhelming elimination of tumor clone with
chimeric transcript el4a2 [14-16]. This fact
explains the transcript el3a2 predominance
among CML patients with secondary resistance to
TKI therapy.

CONCLUSION

In conclusion, we found no clear correlation
between the type of transcript and any demo-
graphic, hematologic or clinical factors at the
time of diagnosis in observation groups. There
were no differences in CCyR achievement among
patients with el3a2 and el4a2 transcripts.
However, better molecular response at the 12th
month of imatinib therapy was observed in
patients with el4a2 transcript. Better event-free
survival and lower rate of loss achieved cytogenet-
ic and/or molecular response were also found in
patients with el4a2 transcript. We think that
el3a2 transcript can be considered an adverse
prognostic factor for imatinib therapy. We suppose
that one of the reasons for frequent absence of
deep and stable response to imatinib therapy in
patients with el3a2 transcript may be selective
recognition of alien leukemia specific antigens
BCR/ABL1 by HLA molecules. Therefore we
believe that the use of a combination TKI with
immunomodulating agents during treatment of
patients with e13a2 transcript is appropriate.
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