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MYTAIIMHUMN CTATYC TA EOEKTUBHIICTD JIKYBAHHS
XBOPHX HA XPOHIUHY MIEJIOIAHY JIEMKEMIIO

AKTyanbHiCTb: 3aCTOCYBaHHA TapreTHoi Tepanii XpoHiyHOT MienoigHoi neitkemii (XMJ1) — iHri6iTopiB TMPO3nHKiHA3M
(ITK) — po3Bonuno focArT 3HAaYHOrO yCnixy B NikyBaHHi nauieHTis 3 XMJI. TpuBanicTe XWUTTA NauieHTiB i3 Bneplwe
AiarHoctoBaHoto XMJ1 maiie BignoBigae nonynsaLiiHMM nokasHMKaM. 3Ha4YHa YacTka nauieHTiB Ha Tepanii ITK pocs-
raloTb cTabinbHoOi i TpMBanoi pemicii Ta yepes ABa i Ginblie poKiB MOXNMBe Be3neyHe NPUNUHEHHs Tepanii. 36inbleH-
HS TPMBANOCTI XKMTTA MALiEHTIB CNPUANO NiLBULLEHHIO PU3MKY HDOPMYBAHHSA PE3UCTEHTHOCTI [0 Tepanii, Wo 3HAYHO
Mipoto NOB'A3aHO 3 MyTaLiAMU B KiHa3HOMY floMeHi reHa BCR::ABL1, sKi MaloTb BU3HAYasIbHE KNiHIYHE 3HAYeHHH.
MeToto gaHoi cTaTTi € ouUiHKa poni MyTalifHoro cratycy KiHasHoro gomeHy reHa BCR::ABLT Ta iHIWMX COMATUYHUX My-
TaUii y nauieHTiB 3 XMJ1y po3BUTKY pe3UCTEHTHOCTI A0 iHI16iTOPiB TMPO3MHKiHA3M Ta BNIWB MyTaLiil HA eeKTUBHICTb
NiKyBaHHA 3a AaHUMKW niTepaTypu.
Ixkepena paHux. [nsa po6oTu BUKOpuMcTaHo nybnikauii 3a 2015-2025 pp., BiaibpaHi 3 6a3 aaHux PubMed, Scopus i
NpodinbHUX HAYKOBUX XYPHANiB 3a KIOYOBUMU CoBaMU (XpOHiYHa MienoigHa neiikemis, BCR::ABL1, iHri6iTopu Tnpo-
3unkiHasm (ITK), mytauis T315), pesucteHTHicTb go ITK, myTtauiitHuii cTatyc, iMmaTuHi6, aasatuHi6, HiNOTUHI6, NoHa-
TUHi6, acLMMiHi0).
Bubip pocnigxeHn. icns nepernagy NoBHUX TEKCTIB CTaTell Ans nofanblioro aHanisy BigibpaHo Ti, Aki 6e3noce-
peAHbo cTocyBanuch MyTauinHoro cratycy npu XMJ1, a Takox feskux 3aranbHux acnektis XMJ1 (natoreHes, KNiHiYH Wik
nepe6ir, AiarHOCTUKA, NiKyBaHHA).
Pe3ynbTaTu: aHania npogeMOHCTPYyBaB BUCOKY MOLWMPEHICTb KNTHIYHO 3HAUYLLKMX MyTaLiil, 30kpema T315], wo 3ymoB-
NtooTh pe3ncteHTHicTb A0 ITK. HaseHi nani ceiguarts, wo ITK III-IV nokoniHHs, 30Kkpema NoHATUHIO, a TaKOX HOBWUIA
aNoCTepUYHMIA THrGITOP acUMMiHiIB, MalOTb 3HAYHMIN NOTEHUiaN y NiKyBaHHI NALieHTIB i3 pe3ncTeHTHUMU hopMamu
XMJ1, BKAtoYatoumn HociiB myTauii 73751, IcHy0Tb BUNAAKM CKNAfHMUX MyTaLid, AKi 3aNMWaloTbCs CEePMO3HOI0 Tepanes-
TUYHOI npobnemoto. [Onsa edhekTMBHOT 60pPOTLOM 3 PE3UCTEHTHUM KIOHOM HEOOXiAHO BM3HAYaTM MyTaUiiiHUI cTaTyC
Ta NigbupaTu Tepaniio BiANOBIAHO [0 YYTINUBOCTI KIOHY.
BucHoBku. [epcoHanizoBaHuii Nigxig 3 ypaxyBaHHAM myTalinHoro npodinto BCR:ABL1 € knto4oBMM Ans onTumizauii
TepaneBTUYHMX cTpaTeriit npu XMJ1. Moaanblwi aocnigkeHHs HeobXigHi ans GinblW 4YiTKOTO BU3HAYEHHS MexaHi3MiB
Pe3NCTEHTHOCTI Ta ONTUMaNbHOT NOCNILOBHOCTI 3acToCyBaHHA AocTynHux ITK y KNiHiuHiN npakTuui.
KnioyoBi cnoBa: xpoHiuHa mienoigHa neiikemis, BCR::ABL1, iHri6iTopn tuposunkiHasu (ITK), mytauis 7315, pesuc-
TeHTHicTb fo ITK, myTauiiiHuit ctatyc, imaTuHi6, 4a3aTuHi6, HiNOTUHIO, NOHATUHIO, acLUMIHI6.
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MUTATIONAL STATUS AND TREATMENT EFFICACY IN PATIENTS
WITH CHRONIC MYELOID LEUKEMIA

Background. The use of targeted therapy for chronic myeloid leukemia (CML) - tyrosine kinase inhibitors (TKIs) —
has led to significant success in the treatment of patients with CML. The life expectancy of patients with newly diag-
nosed CML is almost equal to that of the general population. A significant proportion of patients on TKI therapy
achieve stable and long-term remission, and after two or more years, it is possible to safely discontinue therapy. The
increase in patient life expectancy has contributed to an increased risk of developing resistance to therapy, which
is largely associated with mutations in the kinase domain of the BCR::ABL1 gene, which are of decisive clinical impor-
tance.
The objective of this article is to evaluate the role of the mutation status of the kinase domain of the BCR::ABL1 gene
and other somatic mutations in patients with CML in the development of resistance to tyrosine kinase inhibitors and
the impact of mutations on treatment efficacy based on literature data.
Data sources. The study used publications from 2015-2025, selected from the PubMed and Scopus databases and
specialized scientific journals using the keywords (chronic myeloid leukemia, BCR::ABL1, tyrosine kinase inhibitors
(TKIs), 3151 mutation, TKI resistance, mutation status, imatinib, dasatinib, nilotinib, ponatinib, asciminib).
Study selection. After reviewing the full texts of the articles, those that directly addressed the mutation status in
CML, as well as some general aspects of CML (pathogenesis, clinical course, diagnosis, treatment), were selected for
further analysis.
Results. The analysis demonstrated a high prevalence of clinically significant mutations, particularly 7375/ which
cause resistance to TKIs. The available data indicate that third- and fourth-generation TKIs, in particular ponatinib,
as well as the new allosteric inhibitor asciminib, have significant potential in the treatment of patients with resist-
ant forms of CML, including carriers of the T375/ mutation. There are cases of compound mutations that remain a seri-
ous therapeutic challenge. To effectively combat resistant clones, it is necessary to determine the mutation status
and select therapy according to the sensitivity of the clone.
Conclusions. A personalized approach that takes into account the BCR::ABL1 mutation profile is key to optimizing
therapeutic strategies for CML. Further research is needed to more clearly define the mechanisms of resistance and
the optimal sequence of use of available TKIs in clinical practice.
Key words: chronicmyeloidleukemia; BCR::ABLT; tyrosine kinase inhibitors (TKIs); 7375/ mutation; TKI resistance;
mutation status; imatinib; dasatinib; nilotinib; ponatinib; asciminib.
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BCTYII

XpoHniuHa MienoinHa neiikemist (XMJI) cranoButh 15 %
BUNAJKIB BiJ YCiX JelKeMili, JacTillle 3yCTpidyaeTbCs y
yosoBikiB. YacTtota XMJI 3pocrae 3 BikoM: 0,2 BUIanku
Ha 100 000 HaceneHHs mJs moneit BikoM 1o 20 pokiB Ta
10 BunagkiB Ha 100 000 HaceneHHs y moneii 80 pokiB. 3a
JTaHUMM TOCIIIKEeHb, po3BUTOK XMJI He TTOB’sI3aHMIt 3
CciMeliHOW cXUIIbHICTIO [1].

ITepe6ir XMJI mae tpu as3u: xpoHiuHa ¢a3za, (asa
akceepalii Ta 6i1actHuit kpu3s [2, 3]. JlikyBanHs XMJI
MOXKe MaTU AEKiJIbKa LiJIeii: JOCSITHEHHSI reMaToJIoriv-
HOI, LIUTOT€HETUYHOI, MOJIEKYJISIPHOI BiAMOBIidi, JOCST-

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

INTRODUCTION
Chronic myeloid leukemia (CML) accounts for
approximately 15 % of all leukemias and is more
common in men. The incidence of CML increas-
es with age: 0,2 cases per 100,000 population in
individuals under 20 years and up to 10 cases per
100,000 in those aged 80 years. According to stud-
ies, the development of CML is not associated
with familial predisposition [1].

The clinical course of CML includes three phas-
es: the chronic phase, the accelerated phase, and
blast crisis [2, 3]. Treatment of CML may pursue
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HEHHs peMicii 0e3 JiKyBaHHS i 30UTbIIIEHHST TpUBa-
JIOCTi XWTTS LUISIXOM BiATepMiHYBaHHSI HacTaHHS
OGaacTHoro Kpusy [1].

KirouoBoro Toukoio y po3Butky XMJI € yTBopeH-
Hs reHa 31uTTs1 BCR::ABL I BHac1ig0oK TpaHCIOKaLlii
t(9;22). Y 3nopoBux iHouBimiB reH ABL I po3raiioBa-
HUI Ha TOBroMy 1uiedi 9 xpomocomu (q9), BCR — Ha
JoBromy edi 22-i xpomocomu (q22). B pesynbrarti
TpaHCJIOKallii YTBOpIO€EThCsl (inanenbdiiicbka (Ph)
XpoMocoMa — ykKopodeHa 22-ra xpomocoma [1, 4].
IMponyktom BCR::ABL1 € Tupo3mHKiHa3M, Hali-
yacrime p210, piamre p190 ta p230, Ha3Ba IKUX I10-
XOIUTh Bil MOJEKYJISIPHOI Macu CHHTE30BaHUX
OinkiB. Ili OGinkM Ha BiAMiHY BiIl NpPOAYKTIB TreHa
ABL1 y 3m0poBUX iHIWBINIB 3HAXOOATHCS B IIATOII-
Jla3Mi, a He B SIIpi, 1110 POOUTH IX JOCTYITHILLIMMU ISt
KOHTaKTy 3 MOJIEKYJIaMM BCepeanHi KIIITUHU. Tupo-
3MHKiHa3a 0epe y4acTb B PEryJisiiii MiTO3y, TOCUIIOE
nposideparito KIiTHH, iHTiIOye armonTo3 i MopyIrye
anresito KJIOHAJbHUX KIiTHH [1].

Crpykrtypa npoaykTiB ekcrpecii BCR::ABL I cxia-
JAETHCS 3 PETYAITOPHOrO Ta KiHa3HOTO TOMEHIB [5].
BaxnuBoio ToOukolo INpuUKIIadaHHS € KiHa3HUM H0-
MeH — JiJgHKa TUPO3WHKiHA3M, BilMoBimalbHa 3a
dochopumoBaHHs. Y KiHa3HOMY JOMEHi1 BUALISIOTh
N-momeH, C-momeH Ta AT®-3B’s13yBajibHUII caliT
MDX HMMHU. AKTUBaliliHa TIeTisl 3a0e3MeYye KOH-
¢dopMmaliiiHi 3MiHU, 1110 BIUIMBAIOTh HA aKTUBHUM /
HEaKTUBHUI CTaH TUPO3UHKIHA3M [6, 7].

Kinasumit nomeH nponyKry excripecii BCR::ABL 1
€ OCHOBHOIO Mill€HHIO JIsI iHTi0ITOpPiB TUPO-
suHkiHa3u (ITK) — TapretHoi Tepamii XpOoHiYHOI
mienoinHoi aerikemii (XMJI). 3 mosiBoro ITK y 2001
pOlli, BUXKMBAHICTh MALliEHTIB 3HAYHO 3pOcC/a; TpU-
BaJIiCTh XXUTTSI MALIIEHTIB i3 BIIeplle 1iarHOCTOBAHOO
XMJI maitke BigNoBiga€ MOMyMSALiMHUM MOKA3HU-
Kam [2, 8]. OpHak 3’sgBujaach NpoodieMa pe3uCTeHT-
Hocti mo ITK, gka cmocrepiraetbes y 15—20 %
MaLieHTiB Ha nepuiii JiHil Tepamnii i 1o 50 % Ha Hac-
TynHUx [2]. OgHielo 3 TpUYMH pe3UCTEHTHOCTI € MO-
sBa MyTaliii. Oco0nuBe Miclle MOCiTaloTh MyTallil
reHa BCR::ABLI, mono ssKkux po3po0OJjieHi cTparerii
BUOOPY MoAabIIKX JIiHii Tepartii.

META JOCJIIZKEHHS

OUiHUTU POJIb MYTALIIIIHOTO CTATyCy KiHA3HOTO J0-
MeHy reHa BCR::ABLI ta iHIIUX COMATUYHUX MY-
Taliil y Mali€HTIiB 3 XPOHIYHOIO Mi€JOITHOIO JIieit-
KEeMI€I0 Yy PO3BUTKY PE3MCTEHTHOCTI OO iHTribiTOpiB
TUPO3UHKIHA3M Ta BILUIMB MyTalliil Ha e(eKTUBHICTb
JIIKyBaHHS 3a JaHUMMU JIiTEpaTypu.

several goals: achievement of hematologic, cytogenet-
ic, and molecular responses; attainment of treatment-
free remission; and prolongation of survival by delay-
ing progression to blast crisis [1].

The key event in CML pathogenesis is the formation
of the BCR::ABL I fusion gene resulting from the t(9;22)
translocation. In healthy individuals, the ABLI gene is
located on the long arm of chromosome 9 (9q), and BCR
on the long arm of chromosome 22 (22q). The translo-
cation produces the Philadelphia (Ph) chromosome, a
shortened chromosome 22 [1, 4]. The BCR::ABL I prod-
uct is a tyrosine kinase, most commonly p210, less fre-
quently p190 or p230, named according to the molec-
ular weight of the synthesized proteins. Unlike the
product of the normal ABL I gene, which is localized
in the nucleus, these proteins are found in the cyto-
plasm, making them more accessible for interactions
within the cell. The tyrosine kinase participates in mi-
totic regulation, enhances cell proliferation, inhibits
apoptosis, and disrupts adhesion of clonal cells [1].

The structure of BCR::ABL1 expression products
consists of regulatory and kinase domains [5]. An
important point of application is the kinase domain —
the tyrosine kinase region responsible for phosphory-
lation. The kinase domain is divided into the N-do-
main, C-domain, and ATP-binding site between
them. The activation loop provides conformational
changes that affect the active / inactive state of tyro-
sine kinase [6, 7].

The kinase domain of the BCR::ABLI expression
product is the main target for tyrosine kinase
inhibitors (TKIs) — targeted therapy for chronic
myeloid leukemia (CML). With the advent of TKIs in
2001, patient survival has increased significantly: the
life expectancy of patients with newly diagnosed CML
is almost equal to that of the general population [2, 8].
However, the problem of TKI resistance has emerged,
which is observed in 15—20 % of patients on first-line
therapy and up to 50 % on subsequent lines [2]. One of
the causes of resistance is the emergence of mutations.
Of particular importance are mutations in the
BCR::ABL 1 gene, for which strategies for selecting fur-
ther lines of therapy have been developed.

OBJECTIVE

To evaluate the role of kinase-domain mutations of the
BCR::ABLI gene and other somatic mutations in
CML patients in the development of resistance to
tyrosine kinase inhibitors, and to assess the impact of
these mutations on treatment efficacy, based on data
from the literature.
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REVIEWS

MATEPIAJIN TA METOJIN
1 MiAroTOBKU OIJISIAOBOI CTaTTi MPOBENEHO aHasi3
HayKOBUX ITyOtiKariii 3a mepiomx 2015—2025 pokis. Oc-
HOBHUM JIKepeJioM iH(opMallii OyB eJIeKTpOHHUI pe-
cypc PubMed/NCBI, a takox mpodiabHUX HayKOBUX
KypHaltiB. 151 TOILIYKY BUKOPMCTOBYBAIM KJIIOUYOBI
CJIOBA: «XpOHIYHA MieoinHa aeiikeMisi», «BCR::ABL I»,
«iHTi0ITOPU TUPO3UHKIHA3M», «MyTauisg T3151», «ac-
IIUMiHiO» Ta CYMiXHI TEpMiHU.

bynu BpaxoBaHi SIK OpUTiHaIbHI JOCTiIKEHHS, TaK i
OTISIIOBI cTaTTi. 30ip JaHWX 3MiMICHIOBAJIN 3 AKIIEHTOM
Ha TOIIMPEeHICTh MyTalliil, MeXaHi3M1 PE3UCTEHTHOCTI
Ta cTpaTerii KJiHiYHOrO BedeHHsS mauieHTiB. o
aHaji3y He BKJIoYanu Iybsikauii go 2015 poky, ma-
Tepiaju, 110 He CTOCYBAJMCS MyTalliiiHOrO CTaTycy Ta
nikyBaHHs ITK y nmamientis 3 XMJI.

PE3VYJIBTATU TA OBT'OBOPEHHS
IHriGiTOpU TUPO3MHKIHAZK € TApreTHUMMU IIperapara-
MU, HalliIeHUMU Ha iHTi0yBaHHS KiHa3HOi aKTUBHOCTI
BCR::ABL 1. IcHye 4OTMpPH MOKOJTiHHS iHTi0ITOPIB TUPO-
3WHKiHA3U: Teplle MOKOJiHHS MpeACTaBieHe iMaTHUHi-
0OoM, sIKUIi Hapa3i HalOLIbII YaCTO BUKOPUCTOBYETHCSI B
SIKOCTI MepIioi JiHil Tepartii. Jpyre rmokomiHHSI — na3a-
TUHIOOM, HiJTOTUHIOOM i GO3yTMHIOOM, TPETE MOKOJIiH-
HSI — NOHATUHIOOM, YeTBepTe — acuuMiHioOoM [9, 10].
Buninsiors 4 Tunu ITK, BinnoBinHoO 10 IXHHOrO Me-
xaHi3my aii: I i 11 Tunu 3’ennytorbest 3 ATMD-38’13yBaib-
Hoto aisiHKo (AT® — aneHosunTpudocdar), 111V
3’€THYIOThCS 3 AIOCTEPUYHUMU AiIsSTHKaMu (Taour. 1).

Ta6auusa 1

MATERIALS AND METHODS

A review of scientific publications from 2015—2025
was conducted. The main sources of information
were the PubMed/NCBI electronic resource and
specialized scientific journals. The following key-
words were used for the search: «chronic myeloid
leukemia», «BCR::ABLI», «tyrosine kinase inhi-
bitors», «7315] mutation», «asciminib», and related
terms.

Both original studies and review articles were
taken into account. Data collection focused on the
prevalence of mutations, resistance mechanismes,
and clinical management strategies for patients.
Publications prior to 2015 and materials not related
to mutation status and TKI treatment in patients
with CML were not included in the analysis.

RESULTS AND DISCUSSION

Tyrosine kinase inhibitors are targeted drugs designed
to inhibit the kinase activity of BCR::ABL I. There are
four generations of tyrosine kinase inhibitors: the first
generation is represented by imatinib, which is cur-
rently the most commonly used first-line therapy.
The second generation includes dasatinib, nilotinib,
and bosutinib, while the third generation includes
ponatinib and the fourth — asciminib [9, 10].

There are four types of TKIs, according to their
mechanism of action: types I and II bind to the
ATP-binding site (ATP — adenosine triphosphate),
types III and IV bind to allosteric sites (Table 1).

Tunu iHri6iTopie TMpo3mHKiHa3mM 3a mexaHi3mom Aii [11, 12]

Table 1
Types of TKIs by mechanism of action [11, 12]

Tunm ITK  MpepcraBHUKM
TKI type Examples

Mexani3m gii / Mechanism of action

| [lasatuHi6, 603yTUHIO
Dasatinib, bosutinib

MpueaHyloTbes 1o ATM-38’a3yBabHOI AiNHKN, KOHbOpMALLia KiHasu Tuny DFG-in'
Bind to the ATP-binding site; kinase conformation DFG-in' (active)

Il IMaTWHiO, HINOTUHIO, NOHATUHIO
Imatinib, nilotinib, ponatinib

MpueanyloTbea 10 ATD-38’a3yBanbHOI ANSHKM, KOHbOPMaLd KiHasu Tuny DFG-out?
Bind to ATP-binding site; kinase conformation DFG-out? (inactive)

1l} TpameTuHi6, koBIMETUHIO
Trametinib, cobimetinib

AnocTepuyHi iHribiTopu. MprUeaHyITLCS [0 anocTePUYHOI AiNsHKM No6an3yATd-38’s3yBabHOI AiNSHKN
Allosteric inhibitors; bind to allosteric site near the ATP-binding site

Y AcunMiHIO
Asciminib

AnoctepuuHuit iHribitop. MpuUenHYETLCS 40 aN0CTEPUUHOI HiNAHKY, BifnaneHoi Bin, AT(D-38’93yBasbHOr0 caiTy
Allosteric inhibitor; binds to an allosteric site distinct from the ATP-binding site

Mpumitku. 'DFG — Asp-Phe-Gly nocnifgoBHicTb (MOTVB) B akTVBALLiiHii# NETAI KaTaniTMiHOTO [JOMEHY TUPO3uHKiHaan. DFG-in — acnaptat B MoTuBi Asp-Phe-Gly 3BepHeHuit Bcepeay-
Hy aKTWBaLiiHOI NeT/i — TMPO3MHKIHA3a Mae akTuBHY koHdopmauiio. ITK Il Tuny 38’A3yI0Tbes 3 aKTUBHUM CaiiToM B KoHdopMaLi DFG-in, koHkypytoTb 3 AT®, 6nokyioun pocdopu-
nioBanHs. 2DFG-out — acnapTar 3BepHeHIi Ha30BHI akTUBALLIMHOI NeT/i — TMPO3UHKIHA3A Mae HeakTUBHY KoHdOopMaLLito; ITK 38’A3yl0ThCs 3 TMPO3UHKIHA30I0 B DFG-0ut KOHpOp-

Malii, 3aKpiniolYX CTaH iHaKTMBaLi.

Notes. 'DFG — Asp-Phe-Gly sequence (motif) in the activation loop of the catalytic domain of tyrosine kinase. DFG-in — aspartate in the Asp-Phe-Gly motif faces the inside of the
activation loop — tyrosine kinase has an active conformation. Type Il TKIs bind to the active site in the DFG-in conformation, competing with ATP and blocking phosphorylation.
2DFG-out — aspartate facing outward from the activation loop — tyrosine kinase has an inactive conformation; TKIs bind to tyrosine kinase in the DFG-out conformation, locking in

the inactivated state.

21 &



ornsaaosl CTATTI

ISSN 2304-8336. [po6nemu pagiauiiHoi meguunxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2025. Bun. 30.

ITK nepuroro Ta 1pyroro TUITiB AilOTh IUISIXOM KOH-
KypeHTHOro OjoKyBaHHSI AT®-3B’I3yBajbHOI TITSTH-
ku BCR::ABL 1, ipurHidyioun ioro aktuBHicTE. ITK
TPEThOTO TUIMY 3B’SI3YIOThCS 3 aJOCTEPUYHOIO IiJISTH-
KO0, posaTairoBaHoio 1mooau3y ATd-3B’53yBabHOTO
CaiTy, 1110 JO3BOJISIE JOJATU PE3UCTEHTHICTh A0 MOIIe-
pelHiX MOKOJiHb. ACLMMIiHIO — nipeacTaBHUK [V Ty
ITK, saxuii mae yHiKaabHUR MexaHi3M aii[11].

ACIIMMIiHIO — 11e aJTOCTepUYHUIA iHTIOITOP, IKUK i€
Ha MipucToibHY KulieHo y C-gomeni [11, 13—15].
VY 310poBUX iHOWBIAIB 1 KUIICHS 3’€IHYETHCS 3 Mi-
PUCTOITLOBAHUM TIeNTUAOM N-KiHIIEBOTO (hparMeHTa
TUPO3UHKIHA3M, MiCs YOro BinOyBa€eThcs ii KOHMOP-
Malris Ta iHakTuBamisa. 3a HasgBHocTi BCR::ABL 1, y ma-
LI€HTIB BiICYTHiil iHrIOyIOUMI TUPO3MHKIHA3Y Mem-
THA. ACUMMIiHIO 3B’SI3YETHCS 3 MipUCTOLIHLHOIO KUIIIE-
HElo, BITHOBIIOIOUM KOH(OpPMaIlil0 HU3bKOI aKTUB-
HOCTiI TUMpO3MHKiHa3u. Takuili MexaHi3M 3abe3mneuye
iHAKTMBALil0 TUPO3MHKiHA3u Oe3 B3aemomil 3 ATD-
3B’sI3yBaJIbHUM caiiToM. LIsT 0co0aMBICTE pOOUTH MOX-
JIMBUM 3aCTOCYBaHHS aCLMMiHiOy Yy Malli€HTiB 3 pe3uc-
TEeHTHiCTIO a60 HenepeHocuMicTio 1o ITK nepioro ta
JIPYTOro MOKOJIiHb, a TAKOX J03BOJISIE PO3IISIAATH IOTO
SIK Tepartiro repiuoi Jinii [11, 15—18].

Pe3ucTeHTHICTb BUHMKAE 32 HasIBHOCTI MyTalliii y C-
JOMEHi Topsa 3 MipUCTOLIBHOIO KUILIEHEI0 Yu B Hild,
3MeHIyoun apiHHicTe C-g1oMeHy 10 aclIMMiHiOy abo
3MiHIOIOUM KOH(pOpPMAIIiliHi MOXJIMBOCTI TUPO3UHKI-
Ha3u. BUCOKy pe3UCTeHTHICTh 10 aCLIUMiHiOy CTIpUYU-
Hs10Tb M244V (N-nomen), L248V, F317L myrauii, a6-
COJIIOTHA PE3UCTEHTHICTh 10 acLUMMiHiOy crocrepira-
etbcst nipu A337V (C-pomeH) ta F359V myraitisx.
OcCKiJIbKM acLMMIiHIO Ma€ iHIIMKM MexaHi3M mii, HiX
inwi ITK, npu pe3aucTeHTHUX MyTallisiX MOXJIMBE 3ac-
tocyBaHHs ITK apyroro ta Tperboro noxkoJiiss [19].

AkTyanpHOIO € mpobyiema pe3ucteHTHOCTI g0 ITK.
[lepBUHHA PE3UCTEHTHICTh PO3BUBAETHCS Yy 5—10 %
nauieHTtiB, BropuHHa — y 20—30 % [20]. Onuieio 3
MNPUYMH PE3UCTEHTHOCTI € TOYKOBI MyTallil B TeHi
BCR::ABL I Hali0ifbIll 4acTOO Y BUITAAKY BTOPUHHOL
PE3UCTEHTHOCTI € MyTallid B Abl-KiHa3HOMY IOMEHi
(Abl-KD) — 60 % Bunankis [20].

Buningrors OOMHMWYHI, CKJIaAHI Ta IOJiKJIOHAIbHI
myTaltii. CkiaagHi MyTalii BUHUKAIOTh y pasi I10-
€IHAHHS NBOX i Oijbllie MyTaliii B OOHIN MOJEKYJi
BCR::ABL1 — BOHM CIpUYMHSIIOTH OiIBIIY pe3uc-
TeHTHicTb A0 ITK, Hixk oguHuyHi. [TonikioHaabHI My-
Talii XxapaKTepU3ylThCs HASIBHICTIO KiJIbKOX MYTOBa-
HUX KJIOHIB [21].

Myrauii B reHi BCR::ABLI € KiiHiYHO HaMOLIbII
3HAYYILIMMM — IXHiii BIJIMB Ha 4yTauBicTh A0 I'TK kpa-

First- and second-generation TKIs act by compet-
itive blockade of the ATP-binding site of
BCR::ABL1, suppressing its activity. Third-type
TKIs bind to an allosteric site close to the ATP-bin-
ding site, potentially overcoming resistance seen
with earlier generations. Asciminib, the representa-
tive of type IV TKIs, has a unique mechanism of
action [11].

Asciminib is an allosteric inhibitor that acts on the
myristoyl pocket in the C-domain [11, 13—15]. In
healthy individuals, this pocket binds to the myris-
toylated peptide of the N-terminal fragment of tyro-
sine kinase, followed by its conformation and inacti-
vation. In the presence of BCR::ABL I, patients lack
the tyrosine kinase-inhibiting peptide. Asciminib
binds to the muyristoyl pocket, restoring the low-
activity conformation of tyrosine kinase. This mech-
anism ensures the inactivation of tyrosine kinase
without interacting with the ATP-binding site. This
feature makes it possible to use asciminib in patients
with resistance or intolerance to first- and second-
generation TKIs, and also allows it to be considered
as a first-line therapy [11, 15—18].

Resistance occurs in the presence of mutations in
the C-domain adjacent to or within the myristoyl
pocket, reducing the affinity of the C-domain for
asciminib or altering the conformational capabilities
of tyrosine kinase. High resistance to asciminib is
caused by M244V (N-domain), L248V, and F317L
mutations, while absolute resistance to asciminib is
observed with 4337V (C-domain) and F359V muta-
tions. Since asciminib has a different mechanism of
action than other TKIs, second- and third-generation
TKIs may be used in cases of resistant mutations [19].

TKI resistance remains a major clinical concern.
Primary resistance develops in about 5—10 % of
patients; secondary resistance in about 20—30 %
[20]. One cause of resistance is point mutations in
the kinase domain of BCR::ABLI. Abl-kinase
domain (Abl-KD) mutations are present in ~60 % of
patients with secondary resistance [20].

Mutations can be classified as single, compound,
or polyclonal. Compound mutations are combina-
tions of two or more mutations within the same
BCR::ABLI molecule — and these confer greater
resistance to TKIs than single mutations. Polyclonal
mutations involve multiple mutated clones [21].

BCR::ABL1 mutations hold the greatest clinical
relevance because their influence on TKI sensitivity
is well described and incorporated into treatment
algorithms.
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11l BUBYEHUIA Ta iCHYIOTh pO3pO0JIEHi aITOPUTMU MEHE-
JDKMEHTY TallieHTa BiAMOBiAHO 10 TUITY MyTallii.

Bapto 3a3zHauuTu, 1o npu XMJI icHYIOTb TaKOX iHIL
MyTallii Ta XxpOMOCOMHi aHoMaltii, siki Mmaiotb BCR::ABL I-
He3aJlexkHi MeXaHi3MH, TMPOoTe MOXKJIWBOCTI BIUIMBY Ha
Hux oomexeHi. JlogaTkoBi xpoMocoMHi aHoMail (ACA,
additional chromosomal abnormalities) ToginsIIoTbCS Ha
BEJIMKI (3yCcTpivyaloThesl y OUTbII HixXK 5 % TaLieHTiB Imig
yac Tmporpecii 3axBoproBaHHs: +8,+Ph, i(17q), +19,
+17, +21) ta Mani (3ycTpiyaroTbCsl y MEHII HiX 5 %
MAali€HTIB IIio 4ac Iporpecii 3axBoproBaHHS: ?7/7Q-,
11923, 3926.2) [2, 22]. HagBnicte ACA € n101aTKOBUM
¢daxktopom pusuky y nauieHTtiB 3 XMJI [2, 23].Taki
3MiHM T€HOMY YacTillle TOB’S3aHi 3 MepexoaoM 3aXBO-
pPIOBaHHS B CTajlil0 akcesepallii Ta 6JJaCTHOro Kpu3y ue-
pe3 HecTabiJIbHICTL TeHOMY B JIEMKEMiYHOMY KJIOHI
[24—28]. Tak, MeHII HiX 5 % TMalLi€HTIB y XPOHIUHii
dazi XMJI marore ACA; vy ¢a3si akcenepalii KiabKiCTh
TaKMX NaLi€HTIB 3pocTae 10 om3bko 20—30 %, y 6act-
HoMmy Kpu3i — no noHaza 70 %.[lpore HasiBHicTH ACA
MOXJIMBA i A0 TTOYaTKYy JiKyBaHHs XMJI, 1110 OB’ s13aHO
3 HU3bKOW Bianosiggw Ha ITK Ta BUILIUMM pu3UKOM
mporpecyBaHHS [24].

Iloctae nutanHs: ACA € HacliaKoM HecTabiIbHOCTI
TeHOMY IpM Oinbll arpecuBHOMY mepebiry XMJI um
HacJiIKOM HeaaekBaTHOI Biamosiai Ha Tepamiio ITK.
BusBneHo, 1o aeiikeMiuyHu KiaoH 1ipu XMJI mae Ginb-
Iy CXWJIbHICTb A0 OAHO- Ta ABOJIAHIIIOTOBUX PO3PUBIB
JHK npwu nii MyTareHHMX YMHHUKIB, TAKWX SIK i0Hi3YIO-
ya paniauis, XiMioTepamnis, akTUBHi (pOpMU KMCHIO TO-
o. BomHouac B TakuMX KJIiITMHAX IOPYLIEHI MeXaHi3MU
penapailii, 1110 B CYKYITHOCTi TPU3BOAUTH JO XPOMOCOM-
HUX 3MiH [24, 29]. TakuMm yuHOM, HasiBHiCTb ACA CBil-
YUTb NP0 NOCUJIEHHSI TEeHOMHOI HECTa0iIbHOCTI Ta MOXKeE
OyTHU CUTHAJIOM A0 Tepersiay Tepaltii, ajgxe iCHY€E pU3UK
(opmyBaHHs MyTallilt, cTiiikux q10 motouHoro ITK.

s ouinku edpektuBHocTi Teparii [TK 3acTocoByeTh-
Csl MOHITOPUMHI MOJIEKYJISIPHOI BiAIOBili: KiJlbKicHa
ominka reHa BCR::ABLI y nepudepnuniit kposi (1K)
yn KicTkoBoMy Mo3KY (KM). Takuit MOHITOPUHT TPOBO-
TUThCS Ha 3, 6 Ta 12-My MicsILsIX Bil movyatky tepartii [1]
i B MOJAJbIIOMY KOXHi 6 MiCSLiB BIPOAOBX BChOTO
nepioay jikyBaHHs. [Toporosi 3HaUeHHST MOJIEKYJISIPHOT
BiIMOBIiNi HA eTamax MOHITOPUHTY TIpeAcTaBieHi B Ta0-
Jmui 2.

3a manumu NCCN [30], kpuTepii MoOAEKyISIpHOIL
BinmoBizi € moxionuMu. PiBHI KiacndikyloThes 3a KOJTb-
opamu: uyepBoHMil (> 10 %) BKasye Ha BUCOKMI1 PU3UK
pe3ucTeHTHOCTI, BuMaratouu 3minu I'TK ta posrisny He-
00XigAHOCTI aJlOreHHOi TpaHCMJaHTallili CTOBOYpPOBHUX
kiitiH (TCK); xxotuit (> 1 % — 10 %) BKa3zye Ha MOX-

In CML there are also other mutations and
chromosomal abnormalities with BCR::ABL I-
independent mechanisms. However, therapeutic
options for them are limited. Additional chromo-
somal abnormalities (ACA) are divided into major
(found in more than 5 % of patients during disease
progression: +8, +Ph, i(17q), +19, +17, +21) and
minor (found in less than 5 % of patients during
disease progression: ?7/7q-, 11923, 3q26.2), |2,
22]. The presence of ACA is an additional risk fac-
tor in patients with CML [2, 23]. Such genomic
changes are more often associated with the transi-
tion of the disease to the acceleration phase and
blast crisis due to genomic instability in the
leukemic clone [24—28]. Thus, less than 5 % of
patients in the chronic phase of CML have ACA;
in the acceleration phase, the number of such
patients increases to about 20—30 %, and in blast
crisis — to over 70 %. However, the presence of
ACA is possible even before the start of CML
treatment, which is associated with a low response
to TKIs and a higher risk of progression [24].

The question arises: is ACA a consequence of
genome instability in a more aggressive course of
CML or a consequence of an inadequate response
to TKI therapy? It has been found that the leu-
kemic clone in CML is more prone to single- and
double-strand DNA breaks when exposed to mu-
tagenic factors such as ionizing radiation, chemo-
therapy, reactive oxygen species, etc. At the same
time, repair mechanisms are impaired in such
cells, which together leads to chromosomal
changes [24, 29]. Thus, the presence of ACA indi-
cates increased genomic instability and may be a sig-
nal to review therapy, as there is a risk of mutations
developing that are resistant to the current TKI.

To assess the effectiveness of TKI therapy,
molecular response monitoring is used: quantita-
tive assessment of the BCR::ABL I gene in periph-
eral blood (PB) or bone marrow (BM). Such mon-
itoring is performed at 3, 6, and 12 months from
the start of therapy [1] and subsequently every 6
months throughout the treatment period. The
threshold values for molecular response at the
monitoring stages are presented in Table 2.

According to the NCCN [30], the molecular
response criteria are similar. Response levels are
color-coded: red (>10 %) indicates high risk of
resistance, requiring change of TKI and consid-
eration of allogeneic stem cell transplantation;
yellow (> 1 % — 10 %) suggests possible resist-
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Kpurtepii monekynapHoi Bignosigi Ha Tepanito iHri6iTopammu TMpo3mnHKiHa3um 3rigHo 3 European LeukemiaNet 3a

2025 pik [2]
Table 2

ELN 2025 Criteria for molecular response to TKI therapy (European LeukemiaNet) [2]

Cnpusatnnsmii (HU3bKWIA PU3NK PO3BUTKY
PE3VUCTEHTHOCTI: 3MiHa Tepanii He NOTPIOHa)
Favorable (low risk of resistance;
no change in therapy needed)

Yac

Time

MonepemXeHHs: (MOXAMBMIA PU3NK PO3BUTKY
PE3VUCTEHTHOCTI: 3MiHa Tepanii MoXe 3HaaobuTICS)
Warning (possible risk of resistance;
change in therapy may be needed)

Hecnpusitneuii (BUCOKWI pU3NK PO3BUTKY
PE3MCTEHTHOCTI: 3MiHa Tepanii 6axaHa)
Unfavorable (high risk of resistance;
change in therapy desirable)

Ba3soBwuii piBeHb

Bucokuii puank ACA, BUCOKWIA pu3uk 3a wwkanoio ELTS

Baseline High risk ACA, high ELTS score
3 micsaui > 10 %, AKLLIO NiATBEPAXEHO
<10% >10% npotarom 1-3 micauis
3 months > 10 %, if confirmed over 1-3 months
gm‘;’:t‘::: <1% >1%-10% > 10 %
:gx‘::t‘:": <0,1% >0,1% 1% >1%
Brpara nonepeaHbOi BignoBigj,
Byab-konu <10% >0,1 % — 1 % a6o Brparta pieHs < 0,1 % pe3ucTeHTHi MyTauii BCR::ABL1,
BMCOKMIA pu3nk ACA
Loss of previous response;

Anytime <10% >0,1—1%orloss of <0,1 % level resistant BCR::ABL1 mutations;

high risk ACAs

JIMBY PE3UCTEHTHICTD i3 pO3MISIAOM HEOOXiTHOCTI 3aMiHU
ITK; momapanuesuii (> 0,1 % — 1 %) noryckae IpoaoB-
xkeHHs ITK 3a yMoBM MOBHOT LIUTOTEHETUYHOI BiIMOBIi;
ceiTno-3enenuii (< 0,1 %) ta 3enenuii (< 0,1 % 3 onru-
MaJIbHOIO BiIMOBIII0) CBimYaTh Npo YyTauBicTh 10 ITK,
3 aKLIEHTOM Ha MOHITOPUHT i MPOAOBXEHHS Tepaltii.

BuUKOpHUCTOBYIOTH Pi3Hi METOAM OLIIHKM MOJIEKYJISIPHOI
BiATOBII, 30KpeMa: ceKBeHyBaHHSI 3a CeHrepom, ajieiib-
crienudivHa OJIrOHYKJICOTHIHA KiIbKICHA ITOIiMepa3Ha
JIAHLIIOTOBA peakliiss 3i 3BOPOTHHOI TPAHCKPUIILIED
(x3T-I1JIP) Ta cexBeHyBaHHS HOBOTO MOKOJiHHS (NGS).

CekBenyBaHHs1 3a CeHIepoM BBaXaloCh 30JI0TUM
CTaHIApTOM Yy BU3HAYEHHI MYTalliilHOTO CTaTyCy, Ipo-
T€ BiH HE BUSIBIISIE CKJIadHI MyTallil Ta MA€ HU3bKY YyT-
JIMBICTh — BHU3Haya€ MYTOBaHi KJIOHU 3a YMOBH, IO
iXHS KiJbKicTh csarae moHan 20 % Bia 3arajibHOIO Jieii-
KeMigyHoro HaBaHTaxXeHHs [2, 21]. LlinboBe NGS mae
OLIbLIY YYTJIMBICTD i BUSIBJISIE MyTOBaHi KJIOHU ITPU 10~
caraeHHi 0,1 % Bin 3arajibHOTO JIEHKEMIUHOIO HABaH-
taxkeHHs [2, 31—-33]. Hegonikom LIbOIO METOAY € MEH-
11a JIOCTYNHICTh, TOMY B pa3i oOMeXXeHHsI pecypciB
cekBeHyBaHHs 3a CeHrepoM BCe 111¢ 3aIUIIAETHCS Me-
TogoM BuOopy. Halibinbil YyTIMBUM METOIOM €
ajiesb-creur@iuHa oyironykiaeoruagHa k3T-TTJIP, ox-
HaK HEeIOJiKOM LIbOTO METOAY € HeOOXiAHiCTh IToIle-
pPEOHbOr0 3HAHHS MOCHITOBHOCTI ILIYKAHUX HYKJIEO-
t™uaiB (Tadma. 3), [2, 34].

ance with consideration of TKI change; orange
(> 0,1—1 %) supports continuation of TKI provid-
ed complete cytogenetic response; light green
(£ 0,1 %) and green (< 0,1 % with optimal res-
ponse) indicate sensitivity to TKI, warranting mo-
nitoring and continuation of therapy.

Various methods are used to assess molecular
response, including Sanger sequencing, allele-spe-
cific oligonucleotide quantitative reverse tran-
scription polymerase chain reaction (qQRT-PCR),
and next-generation sequencing (NGS).

Sanger sequencing was considered the gold
standard for determining mutation status, but it
does not detect compound mutations and has
low sensitivity — it detects mutated clones only if
their number exceeds 20 % of the total leukemic
burden [2, 21]. Targeted NGS has higher sensi-
tivity and detects mutated clones when they
reach 0,1 % of the total leukemic burden [2,
31-33]. The disadvantage of this method is its
lower availability, so when resources are limited,
Sanger sequencing remains the method of
choice. The most sensitive method is allele-spe-
cific oligonucleotide qRT-PCR, but the disad-
vantage of this method is the need for prior
knowledge of the sequence of the nucleotides
being sought (Table 3), [2, 34].
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MepeBaru Ta HefONiKM METOAIB OUiHKKM MoneKynApHOi Bignosiai [2, 21]

Table 3

Advantages and disadvantages of molecular response assessment methods [2, 21]

Anenb-cneuundiyHa

Moka3Huk CexBeHyBaHHg 3a CeHrepom NGS .
onironykneotugHa k3T-MJIP
Parameter Sanger Sequencing NGS Allele-specific oligonucleotide qRT-PCR
LlsyTnvggiqu 20 % 0,1 % 0,001-0,1 %
ensitivity
JocTynHicTb LLnpoko mocTynHuii MeHLZoCTyNHWiA MeHwwaocTynHuiA
Availability Widely available Less available Less available
Crnagni myTauyi _ + -

Compound mutations

ITokazaHHsIMU 1715 TIEPeBipKU MYTallifHOTO CTaTycy €
pe3ucteHTHicTh 10 ITK (rpymna nmomnepemkeHHs1 abo He-
CIIPUATINBA MOJICKyJIsIpHA Bimmosinb 3a ELN / yepBo-
HUM, ToMapaHyeBuit, }koBTHii piBeHb 32 NCCN [2, 30]),
Mporpecis 3aXBOPIOBaHHsI, BMEpIle dialHOCTOBAaHMIA
XMJI y ¢azi akcenepallii uu 61aCTHOTO KPHU3Y, PELIUIUB
nicasg anoredHoi TCK y BHUITagKy, SKIIO MyTallii Oymm
BUSIBJICHI 1O TpaHCIUIaHTallii. BapTto 3a3HauuTtu, 110 Y
pasi BTpaTH BEJIMKOI MOJeKyJsipHoi Bianosiai (MMR)
Mig yac pemicii, BiIbHOI Bil JiIKyBaHHSI, EPeBipsITU MY-
TaUiAHUIA cTaTyC Iepel BiITHOBJISHHSIM Teparii He peKo-
MeHIoBaHo, amke MyTallii BCR::ABL I BUHUKAIOTh Ha TJTi
npuiiomy ITK. 3 1i€i XX NpuYMHU HEe PEKOMEHIOBAHO
MPOBOAUTH OLIIHKY MYTallilHOTI'O CTATyCy 10 CTapTy MHep-
mroi Jrinii Teparrii I'TK [2].

[HmIMM (pakTOpOM pU3HKY PO3BUTKY MYTAILlill € BILJIUB
pafialiiiHOro onmpoMiHeHHs. 3MiHU Ha MOJIEKYJISIDHOMY
PiBHI € MPUKJIAJIOM CTOXacTUUHOTO e(PeKTy pamdiallii, 3a
SIKOTO PU3UK ITOSBM MyTalliii 3pOoCTa€ 3 IMiABUIICHHSIM
031 paJioaKTMBHOTO ormpoMmiHeHHsd. Y 2019 poui
JOCIiAHUKY 3 YKpainu Ta HiMeuunHu pa3om aHanizyBa-
JIM PO3BUTOK MyTauiil mpu XMJI, cnpuyrHEeHUX BILJIU-
BOM aBapili Ha YopHOOUJbCHKili aTOMHIA eJIeKTpOC-
TaHLii. ¥ 65 % nauienriB (13/20) npu nepBUHHI giar-
HOCTUL OyJ0 BUsBAeHO MyTauii. [Tpu oMy y 7 mairi-
€HTIB Oy/1M HasiBHi ABi Ta Oinbiue MyTaliii. Haityacriiie
3ycTpivanuck myraiii B reHax BCOR, STAG2, ASXLI,
DNMT3A. Y 54 % nauieHTiB 3 pagialliiHUM aHAMHE30M
pO3BUBANIKCH cKiaaHi myTawii [35]. HaToMicTb, TiIbKU y
20 % mauli€HTiB 3 KOHTPOJILHOI IPYIH, IKi HE 3a3HAIU
pamialliiHOro OIPOMiHEHHS, OYJI0 BHUSIBJIEHO MYTallil.
Lle yacTKOBO MOSICHIOE MEHI CIIPUSITIMBUI Mepeoir i
cJ1a0lIy BiIMOBiab Ha Tepallilo y Mali€HTiB, SIKi 3a3HaIN
BIUIMBY paniariii [36].

MyToBaHi KJI0HU MalOTh HEOJHAKOBY UYTJIMUBICTH 10
pisaux ITK (ta6n1.4). HaiiGinbir HecnpuSTIUBOIO Ta
yacTtoro € MyTauiss 73151, 1o copuuMHSIE PE3UCTEHT-

Indications for assessing mutational status
include: resistance to TKIs (a «warning» or «unfa-
vorable’ molecular response according to ELN or
red/orange/yellow levels in NCCN [2, 30]); dis-
ease progression; newly diagnosed CML in accel-
erated phase or blast crisis; relapse after allogeneic
stem cell transplant if mutations were identified
prior to transplant. It is worth pointing out that in
the event of loss of major molecular response
(MMR) during treatment-free remission, check-
ing mutational status before resuming therapy is
not recommended, since BCR::ABLI mutations
arise under TKI exposure. For the same reason,
evaluation of mutational status before starting first-
line TKI therapy is not recommended [1].

Another risk factor for development of mutations
is exposure to ionizing radiation. Changes at the
molecular level are an example of the stochastic
effect of radiation, in which the risk of mutations
increases with increasing doses of radioactive expo-
sure. In 2019, researchers from Ukraine and Ger-
many jointly analyzed the development of muta-
tions in CML caused by the Chornobyl Nuclear
Power Plant accident. Mutations were detected in
65 % of patients (13/20) at the time of initial diag-
nosis. Seven patients had two or more mutations.
The most common mutations were in the BCOR,
STAG2, ASXL1, and DNMT3A genes. In 54 % of
patients with a history of radiation exposure, com-
pound mutations developed [35]. In contrast, only
20 % of patients in the control group who had not
been exposed to radiation had mutations. This part-
ly explains the less favorable course and weaker res-
ponse to therapy in patients exposed to radiation [36].

Mutated clones have varying sensitivity to differ-
ent TKIs (Table 4). The 73151 mutation is both
frequent and among the most unfavorable, causing
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PekomeHpoBaHi iHri6iTopu TUpo3nHKiHa3u npu myTauiax BCR::ABL1 [2, 38, 39]

Table 4

Recommended tyrosine kinase inhibitors by BCR::ABL1 mutation [2, 38, 39]

Myrauis BCR::ABL1

PekoMeHA0BaHi iHriGiTopu TMPO3UHKIHA3K

BCR::ABL 1Tmutation Recommended TKls
M244v HinotuHi6, nasatuHi6, 603yTuHIO, NOHATUHIO
Nilotinib, dasatinib, bosutinib, ponatinib
Y253H [azatnHi6, 603yTVHIO, MOHATMHIO, aCUMMIHIO
Dasatinib, bosutinib, ponatinib, asciminib
[la3atuHib, NoHATWHIO, acLMMIHIO
E255KN Dasatinib, ponatinib, asciminib
HinoTuHi6, noHaTuHi6, acLMMiHIO
v299L Nilotinib, ponatinib, asciminib
[MoHaTWHIO, acLMMiHIO
1313l Ponatinib, asciminib
3151 ? (NOHATWHIO HeedEKTUBHWIA, [aHi LOAO aCLMMIHIOY 0OMEXeHi)
? (ponatinib ineffective; data on asciminib limited)
T315M ? (NoHaTUHIO HeedeKTUBHMIA, AaHi OO acLMMiHIBY 0OMexXeHi)

? (ponatinib ineffective; data on asciminib limited)

F317LN/I/C, T315A

HinoTuHi6, 603yTIHIO, NOHATUHIO, acLMMIHIO
Nilotinib, bosutinib, ponatinib, asciminib

F359v/1/C

[1a3aTuHiO, NoHATUHIO
Dasatinib, ponatinib

A337V/T, L340Q, A344P, A433D, G463D/S, P465S/Q, VA68F, FA97L, 1502L/N, V506L/M

Bynb-akuit KoHKypeHTHMiA 1o ATO ITK
Any ATP-competitive TKI

HICTh 10 iMaTUHiOYy, Ja3aTUHIOY Ta HinOTUHiIOY. B mo-
CJIiIKEeHHi BCTaHOBJIEHO, 110 MyTauiss 7315/ HasgBHA y
21,6 % nmauieHTiB, 9Ki MaJli He3aJ0BUIBHY BiIMOBIiAb Ha
tepamito ITK [37].

Jlesiki BUCHOBKM 1110710 Biamnosiai Ha Teparito ITK nipu
MyTallisiX TPYHTYIOTbCSI Ha pe3yJjbraTax MOCIiIXEeHb,
MpoBeAeHUX in vitro. 1le MoXe 3yMOBIIIOBaTH HEBIAIO-
BigHOCTI o0 HacaiakiB Tepamnii I'TK in vivo yepe3 Ha-
SBHICTh CKJIAMHNUX MyTalriit [38].

CknagHi MyTallil CTaHOBISTh BUKJIWK JIJIS JIiIKyBaHHS,
ajke OTBIIICTh MOLIMPEHUX CKJIaAHUX MyTalliii pe3uc-
teHTHi 10 ITK. B TakoMy Bunaaky HeoOXilHO po3rJsiaa-
™ KoMmbOiHauio pizHux ITK (acumminid + moHaTHHIO
npu V299L/F317L, T315I/H396R) abo 3acTocyBaHHS
ITK 3 iHmmMu JiKapchbKUMM 3acobamMu (TTOHATUHIO +
rizpokcrce4yoBuHa abo MOHATUHIO + MabJoLMKIIO mIs
CKJIAIHUX MyTaliit, mo BKiodaiots 73151) [38, 40].

BUCHOBKHA

3 MOSBOIO TapreTHUX MperapaTiB npu JikyBaHHI XMJI
BUHUKJIa Ipo0JieMa pe3UCTEHTHOCTI, 30KpeMa BHACJIi 10K
pO3BUTKY MyTalliii. Haii0inpll BUBUEHUMM € MyTallil Ki-
HazHoro noMeHy BCR::ABLI, po3BUTOK SIKWX MOB’SI3y-
10Tb 3 npuitomoM ITK. BinnmosinHo o MmyTrauiiiHoro cra-
TyCy po3po0JjIeHi cTpaTerii MogaabIIoro JikyBaHHI. On-

resistance to imatinib, dasatinib, and nilotinib.
The study found that the 73151 mutation is pres-
ent in 21.6 % of patients who had an unsatisfacto-
ry response to TKI therapy [37].

Some conclusions regarding response to TKI
therapy in mutational settings are based on the
results of in vitro studies. This can lead to discrep-
ancies with in vivo outcomes, especially when
compound mutations are present [38].

Compound mutations are particularly challeng-
ing, since most common of them cause resistance
to TKIs. In such cases, combinations of TKIs may
be considered (e. g. asciminib + ponatinib for
V299L/F317L, or T315I/H396R), or combining
TKIs with other agents (ponatinib + hydroxyurea,
or ponatinib + palbociclib for compound muta-
tions that include 73151) |38, 40].

CONCLUSIONS

The introduction of targeted agents for CML
treatment has highlighted the problem of therapy
resistance, particularly due to mutations. The
most extensively studied mutations are those of the
BCR::ABLI kinase domain, which are associated
with TKI therapy. Treatment algorithms tailored
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HaK iCHye HecTaya JOC/iIKeHb in vivo, 0COOIUBO 11010
YYTJIMBOCTI JO HOBUX MpenapariB. Majio JoCIiIKeHUM
TaKOX 3aJIMILIAETHCS MUTAHHS 1IOA0 CTpaTerii miadopy
ITK mipu KOMITJIEKCHUX MyTallisX. Ajie pe3UCTeHTHICThb
no ITK, ska po3BMBa€Tbcsl y YaCTUHU TMAlli€EHTIB 3
XMJI, norpedye nmeBHUX KPOKIiB 10 ii TogogaHHs. My-
Tanii B KiHazHOMy goMeHi reHa BCR::ABLI MOXyThb
(hopMyBaTH pO3BUTOK PE3UCTEHTHOCTI Ta YCKJIAIHIO-
BaTH JIiKyBaHHSI TaKO1 KOTOPTU XBOPUX. 3aCTOCYBaHHS
npemnapaty I'TK 3 ypaxyBaHHSIM MyTallii, 4yTJIMBOI ca-
M€ J0 HbOIO, 3HAUYHO IOKpally€ BiAIMOBiAb Ha Te-
pamito. Lli mpoGieMu 3yMOBIIOIOTh HEOOXiTHICTH MO-
JaJIbIIUX KJIIHIYHUX JOCTiIKeHb e(PEKTUBHOCTI 3aCTO-
cyBaHHg ITK 3ajgexHo Big MyTalliliHOro cTaTycy
MnalieHTa B paMKax MepCOHaIi30BaHOIO MiAXOMY.

Mxepena ¢piHaHCyBaHHA
HocnimxeHHs He Majlo CIOHCOPCHKOT MiATPUMKH.

KoHniKT iHTEepeciB
ABTOpH 3asBJISIIOTH TIPO BiICYTHICTh KOH(IIIKTY iHTE-
peciB.

HdeKknapauis BUKOPUCTAHHA reHepaTUBHOIO
wTy4yHoro iHtenekrty (LUI) Ta TexHonoriu i3
niaTpumKoio LI B npoueci HanucaHHA po6oTH
ITig yac miaroToBKM Lii€l poOOTU aBTOPU BUKOPUCTO-
ByBanu reHepatuBHuii 11 3 MeTolo yrouHeHHs dop-
MYJIIOBaHb Ta JOIOMOTH Y CTBOPEHHI OIbII YiTKMX i
JIJAKOHIYHMX BUCJIOBIIOBaHb. Ilicis BUKOpUCTaHHS
LIbOrO iIHCTPYMEHTY aBTOPU IEperyisiHy/Iu Ta Biapena-
TYBaJIU 3MiCT.
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