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AQHTUKOATYJISHTHOI Tepamii mnpu  GiOpuianii  mepeacepib 3  ypaxXyBaHHSIM
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Juceprallisi TPUCBSIYEHA MPOTHO3YBAHHIO OE3MEYHOCTI Ta ONTUMI3allil
aHTUKOAryJsHTHOT Tepamii mnpu ¢GiOpwstii  nepeacepap (PII) unwaxom
OCIIKEHHSI KIIIHIYHAX 0COOJIMBOCTEM, IMOKAa3HUKIB MJ1a3MOBOTO,
TPOMOOIIUTAPHOTO TEMOCTa3y Ta MepcoHi(iKOBaHOTO MiAOOPY A03U BapbhapuHy
(BD) 3 ypaxysannsm nomimopdizmis reHiB CYP2C9, CYP4F2, VKORCL.

Ha nepmomy erami JoCHiIKeHHS 3 METOK BHUBYEHHS YacTOTH
po3noBcrokeHHst anenbHuX BapiadTiB reHiB VKORC1, CYP2C9 ta CYP4F2 y
MEMIKAHI[IB MicTa 3amopixks MPOBEACHO TeHeTudyHe obctexeHHs 150 ymoBHO
3I0POBHX BOJIOHTEPIB (cepenniii Bik 44,88 + 1,42; vonosikiB — 62, xiHok — 88),
aki mpoxoaunu mpodimaktuyauii orsg B HHMIL «VHiBepcuTeTchka KiIiHIKA»

3AMYV.
Ha npyromy erami 3 MeTOI0 3 METOIO BHUBYCHHS €(EKTUBHOCTI  Ta

6e3neyHocTi mposenenoro JgikyBanHsa B® o6ctexeno 110 xBopux 3 DII (cepenniii
Bik 68,72 + 0,79; yosnoBikiB — 57, )iHOK — 53), sIKi MPOTATOM POKY CIIOCTEPITaTUCS
B aHTHKOAryJIssHTHOMY KaOiHeTi, cTtBopeHomy Ha 6a31 HHMI «YHiBepcureTrchka
kiiHikay 3JIMY. Meronom panaomizaiii xBopi 3 ®@II posnoaisieHi Ha ABl TPYIH:
ocHoBHa rpymna — 50 xBopux 3 @Il Ta migdopom no3u BO dpapmakoreHeTHUHUM

METO/I0M, KOHTpoJIbHA Tpyna — 60 xBopux 3 @I Ta TpaguiiiHuM MMiIO00POM 103U



B®. I'pynu Oynm cmiBcTaBHI 3a BIKOM, CTaTTIO, XapaKTepOM CYITyTHIX
3aXBOPIOBAHb.

3a pe3yabTaTaMd TEPIIOTO ETaly JAOCHIHDKCHHS BHSABICHO, IO Y
3anopi3bkoMy pPEerioHi HaHOUIBII PO3MOBCIOUKEHUMHU € TMOMIMOpP(I3MH TeHiB
CYP4F2 (C/C —56,0%, C/T — 35,3%, T/T —8,7%) i VKORC1 (G/G — 38,0%, G/A
—50,0%, A/A — 12,0%), Toai sik mommmpeHicts mommopdizmis CYP2C9*2 (C/C —
77,3%, CIT —22,7%, T/IT — 0%) i CYP2C9*3 (A/A —88,7%, A/IC — 10,7%, C/C —
0,6%) 3HauyHo MeHma. Bucoka YacToTa pO3MOBCIOJKCHHS MIHOPHHX ajeliiB
BUILEBKA3aHUX TE€HIB B 3amopi3bkii 00J1acTI CBIAYWATH MPO MOTEHILINHY
JOLIIBHICTh YpaxyBaHHs T€HETUYHOr0 NOJIMOP(13My IIpH 103yBaHHI BO.

Ha npyromy erami gocnipkeHHS BCTAHOBJIGHO PO3MOJUT TEHOTHINB Yy
xBopux 3 ®II. Tak, y xBopux 3 emnipuuyHuM nigdopom ao03u BD 3a pesynpraTamu
renotunyBanHs rema CYP2C9*2, romosuroru 3a qukum anenem (rerotun C/C)
BusiBicHi y 46 (76,67%) sumagkax, rereposurotu (C/T) — y 13 (21,67%),
romo3urotn 3a MytantHuM aneiaem (T/T) — y 1 (1,67%) Bumaaky. Ilpwu
nocnimkeHHi noiiMopdizmy rena CYP2C9*3 romo3urotd 3a JUKUM ajeseMm
(A/A) oymu Bussieni y 52 (86,67%) sunaakax, rereposurotu (A/C) — y 7
(11,67%), romo3urotu 3a myrantHuMm aienem (C/C) — y 1 (1,67%) Bumanky.
[Momimopdizm rena CYP4F2 oOye BusBnenuit y 20 (33,33%) mnarieHTis,
rerepo3uroTauii (C/T) y 18 (30,00%) narfieHTiB Ta TOMO3UTOTHUH 32 MyTaHTHUM
anenem (T/T) — 2 (3,33%), 40 (66,67%) namientiB Maau aukuii redorun (C/C).
Myrariito rena VKORC1 oyno Busiieno y 35 (58,34%) nariienti: 28 (46,67%)
rereposurotHux (G/A) ta 7 (11,67%) romosurotaux (A/A) BiamosigHo. Y 25
(41,67%) (G/G) myrariii He BusiBIeHO. Takuii po3moin OyB CIIBCTABHUM 3
IpyNoK YMOBHO 3/I0POBHX OCIi0.

BcranoBnieHa cratucTHYHO 3Hayymia pi3HHUIS B J000Biid 1031 BO mpwm
emmipuaHOMy MeTofi minoopy 3anexkHo Bij renoturniB VKORCL ta CYP4F2, a
came: s narfientis 3 reHotunom VKORCL G/G meniana no3u ckiana 6,25 (5,13;

7,50) mr, 3 renotuniom G/A — 4,75 (3,75; 6,00), 3 resorurrom A/A — 3,00 (2,50;



3,75) mr (p < 0,05); misa renoturry CYP4F2 meniana mo3u cranosmia 4,50 (3,25;
6,25) mr, 3 renotuniom C/T — 6,13 (5,00; 7,50), 3 remorunom T/T — 5,63 (5,00;

6,25) mr (p<0,05). HasBricth anens VKORC1 A 306inbmryBajia HMOBIPHICTD J03H

B® menmie 5 mr y 7,00 pazis (Cl 1,98 — 24,72; p<0,05), Toai K MyTaHTHH aJiejb

T CYP4F2 306inbm1yBaB WMOBIpHICTh A03u B® Ounbmie HiX MemiaHa y 6,26 pasu

(CI 1,58 — 24,78; p<0,05). Brecky anenpanx moaimopdizmiB rena CYP2C9 y

no3yBaHHs1 BO He ciocTepiranocs.

Busisneno, mo y xBopux 3 @Il mpu emmipuyHomy minbopi nozu B,
criocTepiraiocs 301IbIIEHHS YacTOTH peectpamii 3HadeHHs TR < 70% sk
KpHTepis HecTabimbHOCTI aHTHKOArynawii (% = 2,35; p<0,05) B miarpymi 3 G6anom
3a mkanoro SAMe-TT2R2 > 2. Bzaemo3s’sizky TTR 3 momimopdismamu TeHiB
CYP2C9, CYP4F2 ta VKORCL1 ne BusiBieHO. JIOCTOBIPHO MiABUIIYBAJIO YaCTOTY
PO3BUTKY HaJIMIPHOI TIMOKOAryJsiiii HOCIHCTBO mosimopdHoro anenss A reHa
VKORC1 (¥*=4,57; RR = 2,14; Cl 1,06 — 4,69; p<0,05) ta npuiiom amiomapony
(x> = 3,13; RR = 1,83; CI 1,01 — 3,35; p<0,05). I'emopariuni ycKiIagHCHHS
JIOCTOBIPHO YacCTillle PO3BUBAIUCS 3a HASBHOCTI MYTAaHTHOTO ajieins A TeHa
VKORC1 (¥ =4,78; RR = 2,14; CI 1,08 — 4,25; p<0,05), npu upoMy He BUSBJIEHO
3B’SI3KYy MK YaCTOTOIO KPOBOTEY Ta MOMIMOP(i3MaMH IHIIUX TE€HIB 1 KIIHIYHUMH
YUHHUKAMU. BCTaHOBIEHO, 0 KyMyJISTHBHA KiHIIEBAa TOYKA JOCTOBIPHO YacTile
BMHMKAJIa y MalicHTIB-HOCIiB monimopduoro anens A rema VKORCL1 (32 = 8,74;
p<0,05), npu oMy pusuk i BUHMKHEHHs 3poctaB y 1,87 pasu (Cl 1,16 — 3,07;
p<0,05).

Hamu BcTaHOBIIEHO, IO YacTOTa PO3MOBCIOMKCHOCTI ajeIbHUX BapiaHTIB
I€HIB Y XBOPUX OCHOBHOI I'pyIM HE BIAPI3HSIACH Bl YMOBHO 3JIOPOBHX Ta OCIO
KOHTpOJIbHOT Tpynu. Tak, 3a pe3yiapraramu reHotumyBaHHs reHa CYP2C9*2,
romo3urotHi 3a aukum aneneM (remotun C/C) Bussieni y 45 (90,00%) pumajkax,
rerepo3urotu (C/T) —y 5 (10,00%), romo3uroTu 3a mytantHuM ajienem (T/T) —y
xonHoMmy Bumanaky. llpu  mocmimpkenHi momimopdismy rena CYP2C9*3

roMo3urotd 3a aukuMm aineiem (A/A) Oyiau BusBieHi y 46 (92,00%) Bunankax,



rerepo3urotu (A/C) —y 4 (8,00%), romo3urotu 3a myrantHuM aienem (C/C) He
crocrepiraiauch. ITomimopdizm rena CYP4F2 Oy BusBacHumii 'y 16 (32,00%)
nariedrie, rerepo3urotuii (C/T) y 13 (26,00%) mamieHTiB Ta TOMO3UTOTHUH 3a
mytantHuM anenem (T/T) — 3 (6,00%), 34 (68,00%) mnaifieHTiB Maj IHKHIA
remotunn  (C/C). Myramito rera VKORC1 Oyno Buseieno y 30 (60,00%)
nariedTiB: 23 (46,00%) rereposuror (G/A) ta 7 (14,00%) romosuror (A/A)
BinoBiiHO. Y 20 (40,00%) (G/G) myTaliiif He BUSIBICHO.

Banignicts ¢dapmakoreHeTnunoro migdopy nozu B® y mamienti 3 OII
NIATBEPAKYBajJach CIIBCTABHICTIO MEJIaH Ta MPSAMHM KOPESLIAHUM 3B'SI3KOM
MDK PO3paxoBaHOI0 Ta TepaneBTHUHOI a03010 Bd (r=+0,57; p<0,05). Hamani 3
METOI0 YTOYHEHHS MPOTHOCTUYHOI IIHHOCTI ()apMaKOT€HETUYHOIO METONy
ninoopy nauientu 3 OII Oynu po3noaineHi Ha 4 Tpynu BIANOBIIHO 10 KBapTHIIIB
0CTaTOYHOI TepaneBTH4YHOI 1031 B®: nepma rpyna (n = 15) — < 3,75 mr, apyra (n
= 14) — 3,75-5,25 mr, tpets (n = 9) — 5,25-6,00 mr, werBepta (N = 12) — > 6,00 mr.
Bceranosneno, mo y xBopux 3 ®II I-11l xBapTumniB po3paxoBana ta ¢pakTU4HA 103U
tako)k Oynmu cmiBctaBuumu  (p>0,05), mpore y mamientiB IV kBapTHIIIO
po3paxoBaHa f03a B® Oyna BiporiHO HIMKYOKO 3a TeparneBTHuny — 6,15 (4,88;
6,53) mr npotu 7,00 (6,25; 7,66) mr Bignosiguo (p<0,05). Cepents abcooTHa Ta
BIJIHOCHA MOMUJIKA MIPOTHO3Y OYyJIM JOCTOBIPHO BUILIMMM JUis nawieHTiB 3 PIL, ski
noTpedyBaJii BUCOKO1 J0O0BOi g03u B®, mo cBIAYWIO MPO MEHIY TOYHICTh
anroputmy (Gage Ta CIiBaBT. y 11l KOTOPTI XBOpUX. Y rpymi hapMaKOreHETUIHOTO
nigoopy TepaneBTUYHA J03a BO 10CTOBIpHO MEHIIE BIJIPI3HIIACH BIJ 1HIIATbHOI
JI0O3U, TIPO IO CBIIYMIIM MEHII abCOIOTHA Ta BIAHOCHA MOMUJIKH IPOTHO3Y Y
HopiBHSAHHI 3 KoHTposibHOIO rpymoto (1,05 + 0,14 mr mpotu 1,51 + 0,14 mr Ta
20,62 £2,87 % nipotu 33,78 + 3,85 % BianosiaHo; p<0,05).

[Ipu mociikeHHI TMOKAa3HUKIB TPOMOOIIMTAPHOTO Ta KOATYJISIIHHOTO
reMocTa3dy HaMHu BCTAHOBJIEHO, 110 Yy xBopux 3 PII npu dapmakoreHeTHUHOMY
MeToai miadopy A03u BO noctoBipHO HUXUI cTymiHb (Ha 24,00%), yac (Ha 3 xB 16

c) ta mBuakictb 3a 30 c¢ (ma 19,50 %/xB) AJld-iHmykoBaHOi arperartii



TPOMOOLIUTIB MOPIBHAHO 3 TPYMHOI0 XBOPUX 3 TPATUIINHUM MiAO0OPOM 03U, MPHU
IIbOMY TIOKa3HUKH aJpeHaIiH-1HIyKOBaHOI arperaiii TPOMOOILMUTIB MK T'pyIaMu
BiporimHO He BinmpisHsumch. Konmentparis D-mumepa y xBopux 3 DI Oyna
CIIIBCTaBHOIO Yy Tpymax 3 (apMaKOTC€HETUYHUM Ta EMIIIPUYHUM METOJI0M I1I00py
703U, TIPOTE€ BCTAHOBJIIEHO 3MEHILEHHS YaCTKU XBOPUX 3 MIJBUIIEHUM piBHEM D-
IuMepa B Tpymi papMaKkoreHeTUYHOro miaoopy ao3u BO.

HoBeneno, mo y xBopux 3 @Il ta GpapmMakoreHETUYHUM METOJIOM MiAOOPY
no3u B® 3MmeHmryBasivcs 4acTtoTa Ta PU3MK PO3BUTKY KyMYJISITUBHOI KIHIIEBOI
Touku (x> = 7,01; RR = 0,60; CI 0,40 — 0,90; p<0,05) Ta okpeMuX ii CKIIaJOBHX:
emizoziB HaaMipHOi rinokoarysunii (x> = 5,11; RR = 0,50; Cl 0,27 — 0,94; p<0,05)
ta kpoBoTeu (x° = 9,57; RR = 0,41; CI 0,22 — 0,77; p<0,05) y mopiBHSIHHI 3
eMIipuyHuM migdbopom no3u B®, npu npomy rpynu OyiaM CHIBCTaBHI 3a
nokazHukoM T TR. B3aemo3p’s3ky TTR, emi3omiB HagMIpHOI TiMOKOATyJAIli Ta
reMopariyHuX yCKJIaJIHeHb 3 KIIHIYHUMHU Ta TeHETUYHUMHU YUHHUKAMU Y XBOPHUX 3
@Il Ha Tm anTUKoaryysHTHOI Tepanii BD npu ¢apmakoreHeTnuHOMY mig00pi HE
BUSIBIICHO. BosiHOUac akTopamMul pu3MKy pO3BUTKY KyMYJISATUBHOI KIHIIEBOT TOUKH
npu papMaKoreHeTHIHOMY Tia6opi o3 B® Gymu xinoua crats (¥* = 3,89; RR =
1,92; CI 1,08 — 3,44; p<0,05) Ta oxupinns (y*> = 10,74; RR = 2,61; CI 1,49 — 4,57;
p<0,05) 3a BiacyrHOCTI BruiuBy MyTanii rena VKORCI.

HaykoBa HOBH3HA oJep:kaHUX pe3yJbTaTiB. Brepine 3a pesynbratamu
OJTHOMOMEHTHOT'O MOIEPEYHOI0 JIOCIIKEHHSI BCTAHOBIJIEHO, 10 Y 3aropi3bKoMy
perioHi HalOUTBII po3noBciokeHUMU € modiMopdismu reHiB CYP4F2 i
VKORCI, Toni six nomupenicts noigiMopdizmiB CYP2C9*2 1 CYP2C9*3 3nauno
MEHINIA; YTOYHEHO, 10 TAaKWW PO3MOJIT TEHOTHMIB € CIIBCTAaBHUM 13
€BPONEHCHKOIO Ta 3aralbHOYPaiHCHKOIO MOMYJISIIiIMHU.

Posmupeno HaykoBi gaHi mojo yactotu mnonimopdizmi reHiB CYP2C9,
CYP4F2, VKORC1 y xBopux 3 ®II. VYTouHeHo pizHHIIO B q000BiH 11031 BD
3QJIEKHO BiJ] T€HOTHUIIB. BUSABIEHO, IO MPH EMITIPUYHOMY METOJI MiA00py y

xBopux 3 OII nasBHicTh anenst A rera VKORCI BiporiiHO 3011y HMOBIPHICTD



no3u B® menme 5 mr y 7,00 pasiB (p<0,05). Pazom 3 TuM myTanTHHI anenb T
reda CYP4F2 36inpurye iiMoBipHiCTh 103U BO Oiibiie, HIX MeniaHa, y 6,26 pa3u
(p<0,05). Ilpm wnpomy BHecky anenpHuUX TmoaiMopdizmiB reHa CYP2C9 vy
no3yBanHss B® He BcraHoBieHO. JIOMOBHEHO HAyKOB1 JIaHI IIOJI0 B3a€MO3B'S3KY
KIIHIYHAX Ta TCHETUYHHX YWHHUKIB 31 CTAaOUIBHICTIO aHTUKOAryJsmii Ta
PO3BUTKOM TreMopariyHux yckiaaHeHb y xBopux 3 @Il mpu minbopi mozu BD
EMIIIPUYHUM METOJIOM. Briepiie BCTaHOBJIEHO, IO JOCTOBIPHUW BIUIUB Ha
PO3BUTOK KYMYJISITUBHOI KIHIIEBOI TOYKH, IO BKIJIIOYAJla €Mi30[d HaJAMIPHOI
TINOKOAryJysilii Ta KpOBOTEYl, MpU eMIipuyHoMy miadopi no3u BD yuHUTH
nommop¢izm rera VKORCI.

[linTBEpKEHO BaNIAHICTh (DapMakoreHeTUHYHoro migoopy ao3u BD y
naiieHTiB 3 @II, mpo 1O CBIIYUTH CIIBCTaBHICTh MeEAiaH Ta MPIMHMA
KOpEJSILIMHUN 3B'S30K MIXK PO3pPaxOBaHOIO Ta TepamneBTUYHOIO 103010 BO. Ilpu
[bOMY TOYHICTh anroputMy (Gage Ta CHiBaBT. 3HIKYETHCS JJISA MAII€HTIB, IO
noTpeOyIOTh BUCOKOI 1110/IeHHO1 1031 BD. JloBeneHo, 110 y XBOPUX OCHOBHOI TPYIH
TepaneBTU4Ha 1032 BO n1ocTOBIpHO MEHIIE BiAPI3HAETHCS BiJl 1HILIAIBHOT T103H.

Brnepinie o1iHeHO cTaH TPOMOOIMTAPHOTO Ta KOAryJsliMHOTO TeMOCTazy y
xBopux 3 @Il 3anexxHo Bij cnocoly mindopy o3 BD Ta BcTaHOBIEHO, IO B
rpyni (apMakoreHeTHYHOro MeToay MHiAdOpYy JOCTOBIPHO HWXK4l CTYIIHb, Hac,
mBuAKicTh 32 30 ¢ AJIdD-iHxyKoBaHOI arperaiiii TPOMOOIIUTIB Ta CIIOCTEPITraeThCs
3MEHIIIEHHS YaCTKH XBOPHX 3 IIJIBUIIICHUM piBHEM D-1uMepa MopiBHIHO 3 TPYIIO0
TPaAUIIMHOTO MA00PY J03H.

Bnepiue BusiBneno, mo y xsopux 3 @Il ta ¢papmakoreHeTHUHUM METOA0M
nigoopy no3u B® J0CTOBIpHO 3MEHIIYETHCS YacTOTa Ta PHU3UK PO3BUTKY
KyMYJISITUBHOT KIHIIEBOi TOYKH Yy MOPIBHSHHI 3 eMOIpUYHUM MigdoopoMm go3u BO.
YTouHeHo mnepeBaru (papMaKOreHeTHYHOro MeTony migbopy go3u Bd mromo
3MEHIIICHHSI KUIBKOCTI Ta pU3UKY BUHUKHEHHS €Ii30/11B HaMIPHOI T1MOKOAryJISIIii.
Brepuie noBeneHO HiBEMIOBAHHS BIUIMBY €HJO- Ta €K30T€HHUX YWHHHKIB IPH
IHIUBIAyali30BaHOMY migoopi 1o3u B®, mnpo 1m0 CBiAYUTH BIJACYTHICTh

B3a€MO3B 53Ky [ TR, emi30[iB HaAMIpHOI TIMOKOATyJSIii Ta TeMOparidHuX



YCKJIaHEHb 3 KIIHIYHUMH Ta TeHeTHYHHMH (pakTopamu y xBopux 3 OII na Tmi
aHTUKOAryJIsHTHOI Tepanii B® npu dhapMakoreHeTHYHOMY Mi00p1 Ha BIAMIHY Bij
TPyIH XBOPHUX 3 EMIIIPUYHUM Mia00poM 103u. Brepiie BusBieHo, mo GakTopamu
PHU3HKY PO3BUTKY KyMYJISITUBHOT KIHIIEBOT TOUKH, SIKa BKJIFOUAE €M130/I1 HAJIMIPHOT
rinoKoaryssmii Ta TeMopariyHi ycKiIagHeHHs, y XBopux 3 @Il npu
dbapMaKkOreHETUIHOMY METOII Ma0opy 03U BD mpoTarom poky CrocTepeKeHHS
€ )KIHOYa CTaTh Ta OKUPIHHA 32 BIACYTHOCTI BIUIMBY MyTailli rena VKORCI.

IIpakTyHe 3HAYEHHS OJepP:KAHUX Ppe3yJbTaTiB. PexomeHmoBaHO Yy
xBopux 3 ®@II npu nigdopi 1o3u BO emMnipuuHUM METOIOM JUIsl MPOTHO3YBAHHS
He3anoBuibHOTO KOHTpoaro MHB (TTR < 70%) npoBoauTu OIliHIOBaHHS 3a
mkanoro SAMe-TT2R2, toxai sk npu migbopi no3m BD dapmakoreHeTHUHUM
METOJOM 3acTocyBaHHS mkamd SAMe-TT2R2 3 1i€l0 METO BBaKaTH
HEJIOLIBHUM. 3alpOIrOHOBAHO JIsl BAKOPUCTAHHS Y KIIHIYHIN MPaKTHII 3 METOIO
IIPOTHO3YBaHHS €Mi30iB HaJAMipHOI rinokoaryssmii (MHB > 4) npu migbopi mo3u
B® emnipuuHUM METOJIOM BpaxOBYBAaTH CYIYTHIA NPUHOM aMiOJapoHy, SKH
nigsuiye pusuk y 1,83 pasu, ta BuzHauatu nonimopdizm rena VKORCL, skwmii
nigBuirye pusuk y 2,14 pasu. 3anpononoBano y xBopux 3 ®II mpu migbdopi no3u
B® emmnipuyHuUM METOAOM ISl MPOTHO3YBAHHSI PU3HKY PO3BHUTKY TeMOpPAriyHUX
yckimaaHens Bu3Havyatu nojimopdism rena VKORCI, mpu HasBHOCTI MyTaHTOTO
anensi SKoro pu3uk 30iumbmyercs y 2,14 pasu. OOrpyHTOBaHO MAOIIIBHICTH Ta
BIIPOBA/PKCHO B KIIHIYHY MPAKTUKY COci0 (hapMaKoreHeTUIHOro Mmigdopy J03H
B® y xBopux 3 @Il B yMOBaxX AMHAMIYHOIO JOBrOTPHUBAJIOrO CIIOCTEPEKEHHS B
AHTUKOATYJITHTHOMY KaOlHETI 3 BHU3HAYEHHSIM TOKA3HHUKIB TPOMOOIIMTAPHOTO Ta
KOaryJisilifHOTO TeMOCTady 3 METOK 3MEHIICHHS  eMi30JliB  HaaMipHOL
rINOKOAryJisiiii Ta pUu3suKy pO3BUTKY KPOBOTOTEY.

IMyoaikanii: 3a Temor auMCEpPTaAIiHHOTO TOCHTIDKEHHS oIyoiikoBaHo 14
HAyKOBUX IMpalb, 3 HUX / cTaTeH, 3 Akux 4 — y (paxoBux BuAaHHAX YKpaiHU
Kareropii A Ta »KypHajax, 110 BKJIIOYEHI O MIXHAPOJHOI HAYKOMETPUYHOI 0a3u

Web of Science, 7 Te3 nonosiaeii, 8 podiT — 6e3 criBaTopiB.
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ABSTRACT
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The dissertation is dedicated to the prediction of safety and optimization of
anticoagulant therapy in atrial fibrillation (AF) by studying clinical features,
indicators of plasma and platelet hemostasis and personalized warfarin (WF)
dosing taking into account polymorphisms of the CYP2C9, CYP4F2, VKORC1
genes.

At the first stage of the study, with the aim of investigating the frequency of
incidence of allelic variants of the VKORC1, CYP2C9 and CYP4F2 genes in
residents of the city of Zaporizhzhia, a genetic examination of 150 relatively
healthy volunteers (average age 44.88 + 1.42; men — 62, women — 88), who
underwent preventive examination at Medical Educational and Scientific Center
"University Clinic" ZSMU was carried out.

At the second stage, in order to study the effectiveness and safety of AF
treatment, 110 patients with AF were examined (average age 68.72 + 0.79; men —

57, women — 53), who were observed for a year in the anticoagulant therapy



monitoring office created on the base of Medical Educational and Scientific Center
"University Clinic" ZSMU. Using the method of stratified randomization, patients
with AF were divided into two groups: the main group - 50 patients with AF and
WEF dosing using the pharmacogenetic method, the control group - 60 patients with
AF and traditional WF dosing method. The groups were comparable in terms of
age, sex, and nature of concomitant diseases.

According to the results of the first stage of the study, it was found that in
Zaporizhzhia region the most common types of polymorphisms were that of the
genes CYP4F2 (C/C - 56.0%, C/T - 35.3%, T/T - 8.7%) and VKORCI1 (G/ G —
8.0%, G/A — 50.0%, A/A — 12.0%), while the prevalence of CYP2C9*2
polymorphisms (C/C — 77.3%, C/T — 22.7 %, T/T — 0%) and CYP2C9*3 (A/A —
88.7%, A/C — 10.7%, C/C — 0.6%) was significantly lower. The high prevalence of
minor alleles of the above-mentioned genes in Zaporizhzhia region indicates the
potential feasibility of taking into account genetic polymorphisms in the WF
dosing.

At the second stage of the study, the distribution of genotypes in patients
with AF was established. Thus, in patients with empirical WF dosing method
based on the genotyping results of the CYP2C9*2 gene, homozygotes for the wild
allele (genotype C/C) were found in 46 (76.67%) cases, heterozygotes (C/T) in 13
(21, 67%), homozygotes for the mutant allele (T/T) - in 1 (1.67%) case. When
studying the CYP2C9*3 gene polymorphism, homozygotes for the wild allele
(A/A) were found in 52 (86.67%) cases, heterozygotes (A/C) in 7 (11.67%),
homozygotes for the mutant allele (C /C) - in 1 (1.67%) case. CYP4F2 gene
polymorphism was detected in 20 (33.33%) patients, heterozygous (C/T) in 18
(30.00%) patients and homozygous for the mutant allele (T/T) - 2 (3.33%), 40
(66.67%) of patients had a wild genotype (C/C). VKORCL1 gene mutation was
detected in 35 (58.34%) patients: 28 (46.67%) heterozygous (G/A) and 7 (11.67%)
homozygous (A/A), respectively. No mutations were detected in 25 (41.67%)



(G/G). This distribution was comparable to a group of relatively healthy
individuals.

A statistically significant difference in the daily dose of WF with the
empirical dosing method was established depending on the VKORCL1 and CYP4F2
genotypes, namely: for patients with the VKORC1 G/G genotype, the median dose
was 6.25 (5.13; 7.50) mg, with the G/A genotype — 4.75 (3.75; 6.00), with the A/A
genotype — 3.000 (2.50; 3.75) mg (p < 0.05); for the CYP4F2 genotype, the
median dose was 4.5 (3.25; 6.25) mg, with the C/T genotype — 6.13 (5.00; 7.50),
with the T/T genotype - 5.63 (5.00; 6,25) mg. The presence of the VKORC1 A
allele increased the probability of a WF dose of less than 5 mg by 7.00 times (CI
1.98-24.72; p<0.05), while the CYP4F2 mutant T allele increased the probability
of a WF dose greater than the median by 6.26 times ( Cl 1.58 — 24.78). The
contribution of allelic polymorphisms of the CYP2C9 gene to the dosage of WF
was not observed.

It was found that in patients with AF with empirical WF dosing, there was
an increase in the frequency of registration of TTR values < 70% as a criterion for
anticoagulation instability (x> = 2.35; p<0.05) in the subgroup with a score on the
SAMe-TT2R2 scale > 2. No correlation between TTR and CYP2C9, CYP4F2 and
VKORC1 gene polymorphisms was detected. The frequency of the development of
excessive hypocoagulation was significantly increased by carrying the
polymorphic allele A of the VKORCL1 gene (3 = 4.57; RR = 2.14; Cl 1.06 — 4.69;
p<0.05) and taking amiodarone (¥ = 3.13; RR = 1.83, CI 1.01 — 3.35, p<0.05).
Hemorrhagic complications developed significantly more frequently in the
presence of the mutant allele A of the VKORC1 gene (¥* = 4.78; RR = 2.14; CI
1.08 — 4.25; p<0,05), while there was no relationship found between the frequency
of bleeding and polymorphisms of other genes and clinical factors. It was
established that the cumulative endpoint occurred significantly more often in
patients carrying the polymorphic allele A of the VKORC1 gene (x> = 8.74;
p<0.05), while the risk of its occurrence increased by 1.87 times (Cl 1.16 — 3.07).
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We established that the frequency of allelic variants of genes in the patients
of the main group did not differ from that of relatively healthy individuals and
individuals of the control group. Thus, according to the genotyping results of the
CYP2C9*2 gene, homozygotes for the wild allele (genotype C/C) were found in
45 (90.00%) cases, heterozygotes (C/T) in 5 (10.00%), homozygotes for the
mutant allele (T/T) — in no case. When studying the CYP2C9*3 gene
polymorphism, homozygotes for the wild allele (A/A) were found in 46 (92.00%)
cases, heterozygotes (A/C) in 4 (8.00%), homozygotes for the mutant allele (C /C)
were not observed.

CYP4F2 gene polymorphism was detected in 16 (32.00%) patients,
heterozygous (C/T) in 13 (26.00%) patients and homozygous for the mutant allele
(T/T) —in 3 (6.00%), 34 (68.00%) patients had the wild genotype (C/C). VKORC1
gene mutation was detected in 30 (60.00%) patients: 23 (46.00%) heterozygotes
(G/A) and 7 (14.00%) homozygotes (A/A), respectively. No mutations were
detected in 20 (40.00%) (G/G).

The validity of the pharmacogenetic WF dosing in patients with AF was
confirmed by the comparability of medians and a direct correlation between the
calculated and the therapeutic dose of WF (r=+0.57; p<0.05). Further, in order to
clarify the prognostic value of the pharmacogenetic method of selection, patients
with AF were divided into 4 groups according to the quartiles of the final
therapeutic dose of AF: the first group (n = 15) — < 3.75 mg, the second (n = 14) —
3.75-5.25 mg, the third (n = 9) — 5.25-6.00 mg, the fourth (n =12) — > 6.00 mg. It
was established that in patients with AF of the I-11l quartiles, the calculated and
actual doses were also comparable (p>0.05), however, in patients of the IV
quartile, the calculated dose of WF was probably lower than the therapeutic dose -
6.15 (4.88; 6,53) mg versus 7.00 (6.25, 7.66) mg, respectively (p<0.05). The mean
absolute and relative errors of prediction were significantly higher for patients with
AF who required a high daily dose of WF, suggesting a lower accuracy of the

Gage et al. algorithm in this cohort of patients. In the pharmacogenetic dosing
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group, the therapeutic dose of WF differed significantly less from the initial dose,
as evidenced by smaller absolute and relative prediction errors compared to the
control group (1.05 + 0.14 mg vs. 1.51 + 0.14 mg and 20.62 + 2.87% versus 33.78
+ 3.85%, respectively; p<0.05).

When studying indicators of platelet and coagulation hemostasis, we found
that in patients with AF, with the pharmacogenetic method of WF dosing,
significantly lower degree (by 24.00%), time (by 3 min 16 s) and speed in 30 s (by
19.50 %/ min) of ADP-induced platelet aggregation was observed compared to the
group of patients with traditional dose selection, while the indicators of adrenaline-
induced platelet aggregation probably did not differ between the groups. The
concentration of D-dimer in patients with AF was comparable in the groups with
pharmacogenetic and empirical dose selection methods, however there was a
decrease in the proportion of patients with an elevated level of D-dimer found in
the group of pharmacogenetic WF dose selection.

It has been proven that in patients with AF and pharmacogenetic WF dosing
method there was a decrease in frequency and risk of development of a cumulative
end point (x> = 7.01; RR = 0.60; CI 0.40 — bhg 0.90; p<0.05) and of its individual
components: episodes of excessive hypocoagulation (y* = 5.11; RR = 0.50; Cl 0.27
— 0.94; p<0.05) and bleeding (> = 9.57; RR = 0.41; ClI 0.22 — 0.77; p<0.05)
compared with empirical selection of the WF dose, while the groups were
comparable in terms of TTR. There was no relationship between TTR, episodes of
excessive hypocoagulation and hemorrhagic complications with clinical and
genetic factors in patients with AF on the background of anticoagulant therapy
with WF with pharmacogenetic selection. At the same time, the risk factors for the
development of the cumulative end point in the pharmacogenetic selection of the
dose of WF were female gender (x° = 3.89; RR = 1.92; CI 1.08 — 3.44; p<0.05) and
obesity (y> = 10,74; RR = 2.61; Cl 1.49 — 4.57; p<0.05) in the absence of the
influence of the VKORC1 gene mutation.
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Scientific novelty of the obtained results. For the first time, based on the
results of a one-time cross-sectional study, it was established that in Zaporizhzhia
region polymorphisms of the CYP4F2 and VKORCI1 genes are the most common,
while the prevalence of CYP2C9*2 and CYP2C9*3 polymorphisms is much
lower; it was specified that this distribution of genotypes is comparable to
European and all-Ukrainian populations.

Scientific data regarding frequency of CYP2C9, CYP4F2, VKORC1 gene
polymorphisms in patients with AF have been expanded. The difference in the
daily dose of WF depending on the genotypes has been clarified. It was found that
with the empirical selection method in patients with AF, the presence of the A
allele of the VKORCL1 gene is likely to increase the probability of WF dose of less
than 5 mg by 7.00 times, while the mutant T allele of the CYP4F2 gene increases
the probability of WF dose greater than the median by 6.26 times. At the same
time, the contribution of allelic polymorphisms of the CYP2C9 gene to the dosage
of WF has not been established. Scientific data regarding the relationship of
clinical and genetic factors with the stability of anticoagulation and the
development of hemorrhagic complications in patients with AF and empirical WF
dosing method have been added. For the first time, it was established that the
polymorphism of the VKORC1 gene exerts a reliable influence on the
development of the cumulative end point, which included episodes of excessive
hypocoagulation and bleeding, in patients with AF and empirical WF dosing
method.

The validity of the pharmacogenetic selection of the dose of WF in patients
with AF was confirmed, as evidenced by the comparability of the medians and the
direct correlation between the calculated and therapeutic dose of WF. At the same
time, the accuracy of the algorithm of Gage et al. is decreased for patients
requiring a high daily dose of WF. It has been proven that in patients of the main
group, the therapeutic dose of WF differs significantly less from the initial dose.

For the first time, the state of platelet and coagulation hemostasis in patients
with AF was assessed depending on the method of WF dosing, and it was
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established that in the group of the pharmacogenetic dosing, the degree, time, and
speed of ADP-induced platelet aggregation were significantly lower in 30 seconds
and a decrease in the proportion of patients with an increased level of D-dimer was
observed compared to the group of traditional dose adjustment.

For the first time, it was found that in patients with AF, the frequency and
risk of development of the cumulative endpoint significantly decreased with the
pharmacogenetic method of WF dosing compared to the empirical WF dosing. The
advantages of the pharmacogenetic method of WF dosing in terms of reduction of
the number and risk of episodes of excessive hypocoagulation have been clarified.
For the first time, the leveling of the influence of endo- and exogenous factors
during the individualized WF dosing has been proven, as evidenced by the absence
of a relationship between TTR, episodes of excessive hypocoagulation, and
hemorrhagic complications with clinical and genetic factors in patients with AF on
the background of anticoagulant therapy with WF with pharmacogenetic dosing, in
contrast to groups of patients with empirical dosing. For the first time, it was found
that the risk factors for the development of the cumulative end point, which
includes episodes of excessive hypocoagulation and hemorrhagic complications in
patients with AF using the pharmacogenetic method of WF dosing during a year of
observation, are female gender and obesity in the absence of the influence of the
VKORC1 gene mutation.

Practical significance of the obtained results. It is recommended that
patients with AF should be assessed using the SAMe-TT2R2 scale when selecting
the dose of WF using empirical method for prediction of the unsatisfactory INR
control (TTR < 70%), however the SAMe-TT2R2 scale for this purpose should be
considered impractical in case of pharmacogenetic WF dosing method. It is
proposed in clinical practice to take into account the concomitant use of
amiodarone, which increases the risk by 1.83 times and to determine the
polymorphism of the VKORCL1 gene, which increases the risk by 2.14 times, for

the purpose of predicting episodes of excessive hypocoagulation (INR > 4) when
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selecting the dose of WF using an empirical method. It is proposed to determine
the polymorphism of the VKORCL1 gene in patients with AF when selecting the
dose of WF using the empirical method to predict the risk of developing
hemorrhagic complications, which increases by 2.14 times in the presence of a
mutant allele.

The expediency of the pharmacogenetic WF dosing method in patients with
AF under conditions of dynamic long-term observation in the anticoagulation
monitoring office with the determination of indicators of platelet and coagulation
hemostasis in order to reduce episodes of excessive hypocoagulation and the risk
of bleeding was substantiated and introduced into clinical practice.

Publications: Based on the dissertation materials, 14 scientific works were
published, including 7 articles (4 articles were published in specialized Ukrainian
journals of category A and those indexed in the "Web of Science™ database) and 7
report abstracts. Eight works are without co-authors.

Key words: arrhythmias, atrial fibrillation, anticoagulant therapy, warfarin,
pharmacogenetics, polymorphism, genes, prediction, risk, hemorrhagic
complications.
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