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Aim. To study pharmacokinetics of apixaban in patients with atrial fibrillation and cardioembolic stroke in acute phase.

Material and methods. 17 patients (14 women and 3 men), aged 76.6%9.5 years with atrial fibrillation and cardioembolic stroke in acute phase were enrolled into the study.
High performance liquid chromatography mass spectrometry analysis was used to determine apixaban plasma concentration.

Results. Intake of a single dose of apixaban 5 mg is described by the following pharmacokinetic parameters: geometric mean of Cmax 124.5 ng/mL (CV%=48), AUC (0, T)
1008.0 ng*h/mL (CV%=48), AUC (0, ) 2751.6 ngeh/mL (CV%=82), median Tmax 3 hours (min 1, max 4), mean t¥2 16.9 h (SD 13.6). Negative correlation between NIHSS
stroke severity score and Tmax was found (r=-0.628, p=0.007) as well as positive correlation between apixaban t¥2 and patient age (r=0.638, p=0.01). Atendency to increase
in AUC (0, ») was observed according to CHA,DS,-VASc points amount but it did not reach the statistical significance (r=0.620, p=0.14).

Conclusion. For the first time in Russia pharmacokinetic data of apixaban were obtained in patients with cardioembolic stroke in acute phase. It could be the basis for the
development of new personalized approaches to anticoagulation therapy in these patients.
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0co6eHHOCTU hapMaKOKMHETVKM anmnKcabaHa y 60MbHbIX B OCTPbIV Nepuoa KapAnodMGonmMyeckoro MHCynbTa

A.B. Kpiokos'*, [1.A. Cbive!, [1.A. AHapees?, A.B. PaboBa’, H.M. lenvicerko!, M.A. NlockytHukos3, O./. BuHorpapos4, M.A. [loMalleHKoS
1 Poccuinckas MefmumMHCKas akafieMms nocneamnnoMHoro obpasosanms. 123995, Mocksa, yn. bappukagHas, 2/1

2[1epBbl MOCKOBCKMI FOCYAAPCTBEHHBIN MEAULUHCKW yHBepCuTeT UM. .M. CeyeHoBa. 119991, MockBa, yn. Tpybeukas, 8 cTp. 2

3 fopopckas knuHmyeckas bonbHnua N2 67 um. J1. A. Bopoxobosa. 123423, Mocksa, yn. Cansma Agung, 2 /44

4HauvoHanbHbI Meaunko-xupyprideckmi LieHtp vm H.W.Muporosa. 105203, Mocksa, yn. HuxHsas MepsomMalickas, 70

5 [opofckas knuHuyeckas 6onbHyua um. C.MN. botknHa. 125284, MockBa, 2- botkuHckmi np., 5

Llenb. /3yuntb 0cobEHHOCTY hapMakKoKMHETVKY anrkcabaHa y nauneHToB ¢ hnbpunnsuven Npeacepanii B oCTpoM neproge KaparosaM0Oonm4eckoro NHCymLTa.

Marepuan u metogpl. B MccrefioBaHme BKMIOYEHO 17 NaUMEHTOB C KapAMOIMOONNYECKM UHCYNLTOM (14 XeHLMH 1 3 MyxynH). CpefHMI Bo3pacT coctasun 76,6+9,5 ner.
KoHLieHTpaLus anvkcabaHa B nnasme onpeaensnacs METOLLOM XPOMaTO-MacC-CreKTPOMETPHYECKOrO aHan3a Ha BblCOKO3(MEKTVBHOM XMAKOCTHOM XpomMaTtorpace.
Pe3ynirarbl. OfHOKPATHO MPUHATOM 03¢ anukcabaHa 5 M COOTBETCTBYIOT CriefyioLLe (hapMakOKMHETVHeCK e NapaMeTpbl: cpefHee reometpudeckoe Cmax 124,5 Hr/mn (CV%=48),
AUC (0, T) 1008,0 Hreu/mn (CV%=48), AUC (0, ) 2751,6 Hrey/mn (CV%=82), meanara Tmax 3 4 (min 1, max 4), cpenree t%2 16,9 4 (SD 13,6). YctaHoBneHa otpuLa-
TenbHas KOPPeNsUmMa CPeaHen CUilbl Mexay TAXECTbIO MHCYbTa Mo wkane NIHSS 1 Tmax (r=-0,628; p=0,007), a Takxe NonoxwmTenbHas Koppenaums CpeaHen Cunbl Mexay
tV2 anvkcabaHa 1 Bo3pactom naupenTos (r=0,638; p=0,01). OTMeyeHa TeHaAEHLMA K Bo3pacTaHmio 3HadeHns AUC (0, ») ¢ yBennieHmreM Konmyectsa 6ansios o Lkasne oLeH-
K1 pricka TpoMBO3IMOONMHECKIX OCTIOKHEHUI Yy 6ONbHbIX € hrbpunnsaumein CHA,DS,-VASc, He foCTvras CraTcTyeckon 3Haqmnmoctv (r=0,620; p=0,14).

3akntoueHue. Briepsbie B Poccum Obinu nonyyeHsl papMakokMHeTYecke napaMeTpebl anvikcabaHa y 6onbHbIx ¢ pubpunnsLmen npeLcepamnii B 0CTPOM NepUoae KapanodM-

60nM4eCKoro NHCyNbTa, YTO MOXET CTaTb OCHOBOW [1f pa3paboTKM HOBbIX NMOAXOAO0B K NepCOHanv3aLyv aHTUKOArynaHTHOM Tepanuu y 3Tux OonbHbIX.
KntoyeBble cnoBa: HOBble NepopasibHble aHTUKOArynsHTbI, anvikcabaH, hapmakokuHeTVKa, hrbpunnsuvs npeacepamni, KapanosMoonuyecku UHCysT.
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The pharmacokinetics of apixaban in patients with stroke
DapmMaKkoKuHeTHKa anukcabaHa y 60/1bHbIX C MHCY/IbTOM

Stroke prevention in patients with atrial fibrillation
(AF) has become one of the most important areas of
application of new oral anticoagulants (NOAC).
However, the secondary stroke prevention in these pa-
tients remains understudied. Established guidelines on
the resumption of anticoagulant therapy after ischemic
stroke do not exist [ 1]. Data from recent clinical trials
demonstrated the safety of NOAC in the early period
of cardioembolic stroke in patients with AF, empha-
sizing the need for further studies [2]. Controversies
regarding NOAC administration during acute phase of
stroke may be associated with variable pharmacoki-
netic response due to possible changes in absorption,
biotransformation, distribution and excretion proces-
ses in this cohort of patients under the influence of var-
ious factors.

A direct correlation is revealed between the con-
centration of anticoagulant in the blood plasma and
the severity of the anticoagulant effect and, accor-
dingly, possible risk of bleeding (demonstrated for dabi-
gatran) [3]. There is also evidence of improving safe-
ty level with monitoring of dabigatran plasma con-
centrations [4]. Thus, the new data on the pharma-
cokinetics of new oral anticoagulants and the factors,
affecting it, in patients with cardioembolic stroke in the
acute period will help to develop algorithms of indi-
vidualization of the choice and dosage regimen of this
group of drugs.

Apixaban, registered in the Russian Federation, is
one of the new oral anticoagulants and belongs to in-
hibitors of coagulation factor Xa. The aim of the study
was to define pharmacokinetic parameters of apixa-
ban in patients with atrial fibrillation and cardioem-
bolic stroke in acute period.

Material and methods
Population

The clinical part of the study was performed in
L.A. Vorohobov City Clinical Hospital N2 67. Phar-
macokinetic parameters of apixaban were assessed in
the Research Center of Russian Medical Academy of
Postgraduate Education. The protocol of this study was
reviewed and approved by the Ethics Committee of the
Russian Medical Academy of Postgraduate Education
and L.A. Vorohobov City Clinical Hospital N2 67. All pro-
cedures were carried out in accordance with nation-
al laws (National Standard of the Russian Federation
GOST R 52379-2005 "Good Clinical Practice™), the
rules of Good Clinical Practice and international ethi-
cal principles (World Medical Association (WMA) Dec-
laration of Helsinki, last amended on 64th WMA Ge-
neral Assembly, Fortaleza, Brazil, October 2013).

Inclusion criteria: confirmed diagnosis of acute is-
chemic cerebrovascular event; confirmed diagnosis of

OnHOM 13 BaXHeMWmMx obnacten npUMeHeHUs HOBbIX
opanbHbIX aHTUKoarynaHTos (HOAK) aBnseTca npodunaktm-
Ka MHCynbTa y 6onbHbIX ¢ hrbpunnaumen npegcepamn (O).
Manow3sy4eHHow ocTaeTcs npobnemMa BTOPUYHOW Npodunak-
TUKU MHCYNbBTa Yy AaHHOW KaTeropuu 6onbHbIX. OOLLENPUHATBIX
peKkoMeHaLMI Mo BO30OHOBNIEHWIO aHTVKOATYIHTHOW Tepa-
1K Nocrne NnepeHeceHHoro NWEMNYECKOro MHCYNETa He Cy-
uectsyet [1]. Ha oaHHbIM MOMEHT onyOnmnMKoBaHbI pe3ynsraThl
KMMHUYECKX UCCNelOBaHMM, B KOTOPbIX Y 00mbHbIX ¢ DI 1 kap-
M03MO0NNYECKM NHCYNETOM NpoBoAMIock NeveHne HOAK,
1 NpefinonaraeTcs BO3MOXHOCTb 0830MacHOro MCMob30BaHMS
JaHHOW rpynrbl NPenapaTos B NepBble AHM NOCe UHCYIbTa, Of-
HaKO NoJ4YepKMBaAETCS HEOOXOANMOCTb AanbHENLLIEro U3y4ye-
HWst 31O Npobnemsi [2]. CnoxkHocTu nprmeHerus HOAK B ocT-
POM Nepuoae MHCyNLTa MOryT ObITb 0OYCIOBEHBI BO3MOXHbIM
M3MeHeHVeM (HapMakOoKMHETUKIM 3TUX MpenapaToB 3a cyeT
N3MEHEHWs MPOLLECCOB BCacbiBaHWsA, BUoTpaHchopmMaLmm,
pacnpeneneHs 1 BbiBefeHVs y AaHHOW KaTeropum OonbHbIX
nof BAVAHUEM PasnnNYHbIX (PaKTOPOB.

[Ona HOAK ycTaHoBneHa npsmasn Koppenaumsa Mexay KOH-
LeHTpaLLVen npenapaTa B Mia3me KPOBW W BblPaXKEHHOCTBIO aH-
TUKOArYNAHTHOTO 3hdeKTa 1, COOTBETCTBEHHO, BO3MOXHbBIM PUC-
KOM KpoBoOTeYeHMs (MPoaeMOHCTPUPOBAHO Aa AaburaTpaHa)
[3]. EcTb faHHble, CBUOETENLCTBYIOLLME O NOBbILLIEHWW MOKa-
3aTenen Ge3onacHoOCTX NpY NPoBeAEeHUM MOHUTOPUHIA KOH-
LeHTpaLmn faburatpaHa B nnasme Kposw [4]. Takm 06pa3om,
nony4YeHme faHHbIX 00 0COBEHHOCTAX (hapMaAKOKNHETUKIM HO-
BbIX OpPasibHbIX aHTVKOAryIAHTOB U BAUSIOLLMX Ha Hee (aKTo-
pax y NaLmMeHTOB B OCTPbIV Neprog, KapamMo3MOONUHeckoro UH-
CyJbTa MOMOXKET pa3paboTaTh anropUTMbl NMEPCOHAN3aLMM Bbl-
Oopa 1 0031POBaHNS AAaHHOW rpynmbl NPernapaTos.

AnvikcabaH, 3aperncTprMpoBaHHbIM Ha TeppuTopun Poc-
cnnckon Mepepaumnu, aBNaeTca NpeacTtaBuTeneM rpynnbl HO-
BbIX OpasibHbIX aHTUKOATYyNSHTOB 1 OTHOCUTCSA K MHIMBUTOpam
Xa pakTOpa CBEpTbIBaHWA.

Llenbto nccnefoBanns ABUNOCL onpeaeneHie 0cobeHHoCTel
hapMakoKMHeTVKI anukcabaHa y naumeHTos ¢ A1 B ocTpom
nepvofe KapAanoamM0bonM4eckoro MHCyIbTa.

MaTeplAan n meTogbl
Monynauus

KnrHmnyeckas YacTb MCCNefoBaHUs NpoBoamnnacs Ha base
KB Ne 67 nmenn J1.A. Bopoxobosa [lenaptameHTa 30paBo-
oxpaHeHus ropofda Mocksbl. OnpeneneHme hapMakoKUHETU -
4eckMx NapaMeTpoB anvkcabaHa NPoBOAMNIOCL Ha Oa3e Hay4Ho-
nccnenoBatensckoro teHtpa MbOY AMNO «Poccumckas megm-
UMHCKas akageMust NocneamnnioMHoOro oopasoBaHuns MunH3g-
pasa Poccun» (PMATO). MpoTokos AaHHOro NCcneaoBaHns Obi
PacCMOTPEH 1 0fo0peH ITnHeckmM kommteToM npu FTBOY N0
PMAIMO MuH3sgpasa Poccum n Komutetom no s1mke KB N267
M. J1.A. BopoxoboBa. Bce npoLenypbl NpoBOAMINCS C yHETOM
HaUMOHaNbHOro 3akoHodaTenbCTBa (HaumoHanbHbIN CTaH-
napt Poccnmnckom Gepepaunmn FOCT P 52379-2005 «Hagne-
Xalllas KNnMHuYeckas npakTvika» ), npasun KadecrseHHom K-
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The pharmacokinetics of apixaban in patients with stroke
DapmMaKoKuHeTHKa anukcabaHa y 6071bHbIX C UHCY/IbTOM

non-valvular AF (no prosthetic heart valves and he-
modynamically significant mitral stenosis).

Exclusion criteria: confirmed diagnosis of valvu-
lar AF (the presence of prosthetic heart valves or he-
modynamically significant mitral stenosis); hemor-
rhagic transformation of brain infarct confirmed by
computed tomography or magnetic resonance ima-
ging; swallowing function impairment; creatinine
clearance <15 mL/min; age >90 years; concomitant
use of drugs — inhibitors of CYP3A4 and P-glycoprotein
(ketoconazole, dronedarone, amiodarone, vera-
pamil, diltiazem, naproxen, quinidine, ticagrelor,
clarithromycin), inducers of CYP3A4 and P-glyco-
protein (rifampicin, carbamazepine, phenobarbital,
phenytoin, St John's wort), pantoprazole, atenolol;
hypersensitivity to any component of the drug,
clinically significant bleeding, spontaneous or
pharmacologically induced hemostasis disorders,
hemorrhagic diathesis, organ damage as a result of
clinically significant bleeding, including hemorrha-
gic stroke within the last 6 months, severe liver
dysfunction, pregnancy, breastfeeding.

There is no consensus on a number of participants
included into the pharmacokinetic study. However, con-
sidering technical reasons it traditionally includes a small
number of subjects.

We enrolled 17 patients with cardioembolic stroke
(14 women and 3 men), 3 patients died due to acute
ischemic cerebrovascular accident. All patients received
oral anticoagulant apixaban 5 mg twice a day for se-
condary prevention of thromboembolic complications
in the period from 4 to 13 days depending on the
severity of stroke (according to the 1-3-6-12 day
Diener rule). After taking the first dose of apixaban
blood samples were collected to evaluate the phar-
macokinetic parameters of the drug.

After obtaining the data on the pharmacokinetics
of apixaban patients were divided into several groups:
receiving substrates of CYP3A4 (11 patients) and not
receiving substrates of CYP3A4 (6 patients). Besides,
2 groups were formed depending on P-glycoprotein
substrate intake: 7 patients took substrates of P-gly-
coprotein, 10 patients did not take it. We evaluated
the differences in apixaban pharmacokinetics between
these groups.

Evaluation of pharmacokinetic
parameters of apixaban

Venous blood sample collection was performed in
6 ml vacuum tube with EDTA-K3 Improvacuter
(Guangzhou Improve Medical Instruments Co.Ltd, Chi-
na) to determine the concentration of the drug before
taking 5 mg apixaban (point 0) andin 1, 2, 3, 4, 10,
12 hours after drug intake. Blood samples were cen-

Hudeckon MpakTukn (Good Clinical Practice — GCP) 1 mexay-
HaPOLHbIX 3TUHECKNX HOPM (XenbcnHkckas Jeknapaums Bee-
MurpHon MeauumHckom Accoumaumm (BMA), nocnenHmne 13-
MeHeHWs BHeceHb! Ha 64-11 feHepanbHon Accambnee BMA, Mop-
Tanesa, bpasunuga, oktabpb 2013 1).

Kputepun BkIoYeHMs: NOATBEPXAEHHbIN AMArHO3 OCT-
pOro HapyLLIEHWsi MO3rOBOIo KPOBOODPALLEHMS Mo UleMmYe-
CKOMY TWMY; NOATBEPXKAEHHbIV AMarHo3 HeknanaHHon O (ot-
CYTCTBME UCKYCCTBEHHbIX Kf1anaHOB cepAua U reMoamnHamm4e-
CKM 3HaYMMOTO MUTPASIbHOTO CTEHO3a).

Kputepui HeBKItO4eHMSI: NOATBEPXXAEHHbIN AMArHO3 Kna-
naHHon QI (Hanu4mMe NCKYCCTBEHHbIX KNanaHoB cepua Wnm re-
MOAMHAMUNYECKM 3HAUUMOTO MUTPANbHOTO CTEHO3a); Hanu4ne
reMopparm4eckov TpaHchopMaL M B o4are MHGapKTa ronos-
HOro MO3ra Nno AaHHbIM KOMMbIOTEPHOW TOMOrpabuv Unu Mar-
HUTHOW Pe30HaHCHOW TOMOrpadum; HapyLleHne hyHKLMM r10-
TaHWA; KNMPEHC KpeaTuHMHa <15 mi1/MuH; Bo3pact 290 neT; oa-
HOBPEMEHHbI MP1eM MPENapaToB — MHMIMOUTOPOB M30depMeHTa
CYP3A4 n P-rnnkonpoTenHa (KeTOKOHa30M, ApOoHedapoH,
aMUOOAPOH, Bepanamusl, OUNTHUa3eM, HanpoKCeH, XUHNOUH, T1-
Karpenop, KNapUTPOMULIMH), MHOYKTOpoB M3ohepmerTa CYP3A4
n P-rukonpoTerHa (pudamMnuumH, kapbamasenuH, deHo-
BapbuTan, heHUToMH, 38epobOoi NPOALIPABIEHHbIN), MAHTO-
Npo30ona, aTeHoNoma; rmnepYyBCTBUTENLHOCT K JTIOOOMY KOM-
MOHEHTY Npenapata, KIMHNYECKM 3HaYMMOe KPOBOTEHEHE, CMIOH-
TaHHOEe NN PapMaKOSIOrMHeCcKn MHAYLMPOBAHHOE HapyLLeH e
reMoCTa3a, reMopparv4eckmi Auates, NopaxeHme opraHoB B pe-
3yfbrate KIMHWUYeCKM 3Ha4MMOro KPOBOTEHEH A, BKITOYad re-
MOPParnyecKmnin MHCYNLT B Te4eHe NOCIeAHNX 6 MeC, TaxXenble
HapyLLeHNs DYHKLMK neveHn, GepeMeHHOCTb, MpyAHOe BCKapM-
NVBaHwMe.

EOMHOrO MHeHVs Mo NMoBOAYy KOMYECTBa BKIOHaeMbIX B (pap-
MaKOKMHEeTNYeCKoe NCCnefoBaHme y4acTHUKOB HeT. OfHaKo ¢
YHETOM TEXHNYECKOW CNOXHOCTV MPOBeAeHMs Takoro poaa mc-
CNefoBaHNA B HUX TPaAMLUMOHHO BKIOYAETC Hebonbluoe
KONMMYeCTBO MCMbITYeMbIX.

B HacTosILlee nccnenoBaHme Obiio BKoYeHo 17 nayu-
eHTOB C KapAM03MOONNYECKNUM UHCYNETOM (14 XeHWmMH 1
3 MY>XX4MH), U3 KOTOPbIX 3 YMepnu BCeACTBUE OCTPOro Ha-
pYLUEeHWMs MO3roBOro KpoBoobpallleHus. Bcem naumeHTam B
3aBUCMMOCTM OT TAXECTU MHCYNbTa (CornacHo amMnunpuye-
ckoMy npaBuny [inHepa) B nepuon ot 4 Ao 13 AHen oT Mo-
MeHTa MHCYJbTa Ha3Ha4ancsa NepopanbHbl aHTUKOArYNSHT
anukcabaH B 1o3e 5 Mr 2 p/a € Lenbio BTOPUYHOM Npodun-
NaKTUKM TPOMOO3IMOONNYECKMX OCIIOKHEHWI. B AeHb Ha-
3Ha4YeHNs NepBom 103bl anrkcabaHa NpoBoAMICs oToop NPod
KpoBW And onpepeneHna dapMakoKMHETUYeCKMUX napa-
MEeTPOB npenapara.

MNMocne nony4eHWs OaHHbIX O PapMakoKUHETMKE anmKCa-
DaHa nauMeHTbl pa3nensnmMcb Ha HECKONbKO FPyMmn: NPUHM-
Matoume cyoctpaTbl CYP3A4 (11 naumeHToB) U He NPUHMK-
Matoume cybctpatel CYP3A4 (6 naumeHToB). Takxe Obino
cchopmMMpoBaHO 2 rpynnbl Mo Npuemy cybcTpatoB P-rnuvko-
npotenHa: 7 NauueHTOB MpuUHUManu cybcrtpatbl P-rnmko-

Ration Pharmacother Cardiol 2016;12(3) / PaynoHansHas ®@apmaxotepanus B Kapanonorum 2016;12(3) 255



The pharmacokinetics of apixaban in patients with stroke
DapmMaKkoKuHeTHKa anukcabaHa y 60/1bHbIX C MHCY/IbTOM

trifuged at 3000 rpm for 15 minutes. Separate plas-
ma was aliquoted in Eppendorf tubes and frozen at
-70°Cuntil analysis.

High performance liquid chromatography mass
spectrometry analysis with Agilent G1978B Multimode
Sourse for 6410 Triple Quade LC/MS (Agilent Tech-
nologies, Inc., USA) was used to determine apixaban
plasma concentration.

The pharmacokinetic parameters (maximum plas-
ma concentration (Cmax), time to maximum con-
centration (Tmax), area under the curve "concentra-
tion-time" to infinity [AUC (0, «), and to the last rea-
ding AUC (0, t), the half-life period (t%2)] were de-
termined using software WinNonlin® 5.2 (Pharsight
Corporation, Mountain View, CA, USA).

Statistical analysis
of the results

Statistical analysis was performed using SPSS Sta-
tistics version 20.0. For Cmax, AUC (0, =) and AUC
(0, ) geometric mean and coefficient of variation were
determined (CV%). Tmax was described using the me-
dian, maximum and minimum values while mean (M)
and standard deviation (SD) were determined for t/%.
Correlation analysis was performed to assess the in-
terrelation between the parameters (Spearman cor-
relation coefficient). Mann-Whitney test was used to
evaluate the difference between the groups treated and
not treated with substrates of CYP3A4 and P-glyco-
protein. The results were considered statistically sig-
nificant at p<0.05.

Results

The mean age was 76.6+9.5 years. More detailed
characteristic of the population is represented in
Table 1.

Single dose of apixaban 5 mg corresponds to the
following results: geometric mean of Cmax - 124.5
ng/mL (CV%=48), AUC (0, T) 1008.0 ngh/mL
(CV%=48), AUC (0, «) 2751.6 ng+h/mL
(CV%=82). Median Tmax is 3 hours (min 1; max 4).
Mean t¥2is 16.9 hours (SD 13.6) (Table 2).

The statistical analysis of the results demonstra-
ted negative correlation of medium strength be-
tween NIHSS stroke severity score and Tmax (r=-0.628,
p=0.007) (Fig. 1). Positive correlation of medium
strength between apixaban t%2 and patient age was ob-
served (r=0.638, p=0.01) (Fig. 2). A tendency of AUC
(0, =) increase according to CHA,DS,VASc score in
patients with AF was not statistically significant
(r=0.620, p=0.14).

The average number of in-hospital medications (in-
cluding infusion solutions) was 12 (10 to 17) where
1-2 of prescription drugs, excluding apixaban, were

npoterHa, 10 naumMeHToB MX He NpUHUManu. Mexay yka-
3aHHbLIMW TPyNnamM1 NPOBOAMNACk OLEHKa pasnunynn dap-
MakKOKMHETMKM annkcabaHa.

OnpegeneHuve hapMakoKMHETUYECKNX
napamMeTpoB anvkcabaHa

[ns onpeneneHns KOHLEHTPaLMW NpenapaTa BbINOHANCS
3a0b0p BEHO3HOW KPOBW B BakyyMHble Npobupkn ¢ DATA-K3 Im-
provacuter (Guangzhou Improve Medical Instruments Co.Ltd,
Kutain) emkoctbio 6 Mn nepef npremMoM 5 Mr anmnkcabaHa
(0 Touka) nuepes 1, 2, 3, 4, 10, 12 4ac nocne nprema npe-
napata. C uenblo nonyyeHns nnasmbsl 0bpasLbl KPOBW LieH-
Tpudpyrmposanuncs npr 3000 06 /MuH B TedeHre 15 MUH. Bbl-
[lerneHHas nnasmMa anmkKBOTUpOoBanach B Npobupku Tmna dn-
neHoopd 1 3amMopaxyBanacb npw Temnepatype -70°C oo
MOMeHTa NpoBefeHVs aHanm13a.

KoHLeHTpaumio annkcabaHa B nnasme onpefensnm Meto-
LLOM XPOMAaTO-MacC- CNeKTPOMETPUHECKOTO aHaNmn3a Ha Bbl-
Ccok03(heKTUBHOM XMAKOCTHOM xpomaTorpade Agilent
G1978B Multimode Sourse for 6410 Triple Quade LC/MS (Agi-
lent Technologies, Inc., USA).

DapMaKkoKMHETNHeCK e NapaMeTpbl (MakCcManbHas KOH-
LeHTpauma B nnasme (Cmax), BpemMsa OOCTUXEHUSA MaKCU-
MasbHOW KoHLIeHTpaumu (Tmax), nnoLuasb Nof KPUBOM «KOH-
LeHTpaLums - Bpems» 1o beckoHedHoct [AUC (0, «) 1 Ao no-
cnearero namepeHus AUC (0, t), nepuog nonyebieaeHMs (112)]
Dby onpefenexbl C UCMNONb30BaHWEM NPOrPaMMHOro obec-
nedeHust WinNonlin® 5.2 (Pharsight Corporation, Mountain View,
CA, USA).

CraTuctnyeckasi obpaboTtka pesynsTaToB

Cratnctndeckast obpaboTka pesynbraTos NMpoBoamnacs B SPSS
Statistics 20.0. ing Cmax, AUC (0, %) 1 AUC (0, t) Obinn onpe-
[eneHbl reoMeTpmyeckmne cpegHme 1 KoahpuLmeHT BapraLmm
(CV%). Tmax onucbiBaeTcs C MOMOLLBIO MeaMaHbl, Makcu-
ManbHOMO M MUWHMMaIbHOrO 3HaveHun, ona tV2 onpepens-
nocb cpefHee (M) 1 cTaHgapTHoe OTKMOHeHwe (SD). [ns
OLLeHKW B3aVIMOCBA3M MEX Y NapameTpamMu MPOBOLMIICA KOP-
PENSLUMOHHBIV aHann3 (ko3 rumeHT Koppensuum Cnnpme-
Ha). [lns oueHKM pasnuyamin Mexay rpynnamm npuHUMaBLUnX
1 He MPUHUMABLLINX cybcTpaTbl CYP3A4 1 P-rnmkonpoTterHa npu-
MeHaNcs kputepuit MaHHa-YWUTHW. Pe3ynbraTbl CHUTANMCh CTa-
TUCTUYECKM 3Ha4YMMbIMK NMpu p<0,05.

Pe3ynbTaThl

CpenHuM Bo3pacT coctaBun 76,6+9,5 ner. bonee nogpobHas
XapaKTepUCTMKa NoNynaLunm NnpefcrasneHa B 1adn. 1.

OpnHOKPaTHO NPUHSATON [103€ anvikcabaHa 5 M COOTBETCTBYIOT
dlefylolLme pesynsraThl: cpefHee reometpudeckoe Cmax 124,5
Hr/Mn (CV%=48), AUC (0, t) 1008,0 Hreu/mn (CV%=48), AUC
(0, «) 2751,6 Hred/mn (CV%=82), meamaHa Tmax 3 u
(min1;max4), cpenHee t%2 16,94 (SD 13,6) (Tabn. 2).

[Npw CTaTUCTNHECKOM aHa3e Nony4eHHbIX Pe3ynsTaToB ycTa-
HOBJIEHA OTPULLATENbHAs KOPPENSALMS CPedHeN CUMbl MEXAY T-
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Table 1. Baseline patient characteristics Table 2. Pharmacokinetic parameters of apixaban in patients
Tabnuua 1. ObLas xapakTepucTka naLMeHToB with acute cardioembolic stroke
Tabnuua 2. PapmakokmMHeTUYeCKMe NapameTpbl anvkcabaHa
Parameter / Mapamerp Value / 3radenue y 6OMbHbIX C OCTPbLIM KapAMO3IMOONNYECKUM UH-
Age / Bospact 76.6 £9.5 CynbTOM
NIHSS scale score /
Cymma 6annos no Lwkane NIHSS 11.8+7.9 Parameter / Mapametp Value / 3HaueHue
CHA,DS,-VASc scale score / Cmax, ng/ml, geometric mean (CV%)
Cymma bannos no wkane CHA,DS,-VASc 5.5+1.4 Cmax, Hr/mn, cpeaHee reom. (CV%) 124.5 (48)
HAS-BLED scale score / AUC (0, T), ngeh/ml, geometric mean (CV%)
Cymma 6annos no Lwkane HAS-BLED 3.2£0.5 AUC (0, T), Hrey/mn, cpepHee reom. (CV%) 1008.0 (48)
Creatinine level, pM/L / AUC (0, =), ng*h/ml, geometric mean (CV%)
KpeatHuH, MKMOrb /1 102.5+26.5 AUC (0, ), Hreu/mn, cpeaHee reom. (CV%) 2751.6 (82)
GFR, ml/min/1.72m2 (MDRD) / Tmax, h, mediana (min; max)
CKD, mn/muH/1,72m2 (MDRD) 54.6£15.1 Tmax, 4, Meguara (min; max) 3(1;4)
Day of starting apixaban from stroke onset / 2, h, M£SD
[leHb Ha4ana nprema anukcabaHa ot Hadana MHCYIbTa 8.2£2.9 12,4, M£SD 16.9£13.6
Data represented as M£SD Cmax — maximum plasma concentration; AUC (0, T) area under the curve "concen-
NIHSS ~ National Institutes of Health Stroke Scale; CHA;DS,-VASc - risk scale of throm- tration-time" to the last reading; AUC (0, ) area under the curve "concentration-time
boembolic complications for patients with atrial fibrillation; HAS-BLED - risk scale of toinfinity; Tmax -~ time to maximum plasma concentration; tV2 - the half-life period; M
bleeding; GFR - glomerular filtration rate; MDRD - The Modification of Diet in Renal - mean deviation; SD - standard deviation; CV% - coefficient of variation
Disease, calculation formula for GFR Cmax — MaKc1ManbHas KoHLEHTpaLys B nnasme kposi; AUC (0, T) nnoluass nop
[laHHble npeacTagnerbl 8 siae MSD KpVBOI «KOHLIEHTPaLms-Bpems» Ao nocnenHero umepenus; AUC (0, ) nnowads
NIHSS — LLIkana nHcynsTa HalmoHansHoro uHctuTyTa 3poposss CLUA (The National :AZAKCT;:J?:HZ;O:S:H;E?”::;PS)A’_qESOMZEC;Z:EZ:;ZM;JE?E_EBTe’:ﬂrgg;v_l)tezmﬁ
Institutes of Health Stroke Scale); CHA,DS,-VASc ~ Wikana oLieHKi p1cka TpoM603M- LL_ P ) s A e ) st
. . o Hee reomerpuyeckoe; M — cpenHee; SD — craHpapTHoe oTkoHeHue; CV% — Ko3d-
Oonnyeckix OCNOXHEHWI Y BonbHbIX ¢ rbpunnsLyen npencepamit; HAS-BLED —
o _ ; (ULVIEHT BapuaLmum
LKana oLeHKy prcka kpoBoTederuit; CK® — ckopocTb Kiybo4koBo unktpaLmy;
MDRD - The Modification of Diet in Renal Disease, opmyna pacyera CKO

Table 3. Pharmacokinetics of apixaban in patients receiving and not receiving CYP3A4 and
P-glycoprotein substrates
Tabnuua 3. CpaBHeHMe hapMaKoKMHETMKM anvkcabaHa B rpynnax 60nbHbIX, MPUHUMABLUMX U HE MPUHUMABLUNX CyOCTpaThbI
CYP3A4 n P-rnukonpoTenHa

Parameter Receiving Not receiving p Receiving Not receiving p
MNapameTtp CYP3A4 CYP3A4 P-glycoprotein P-glycoprotein

substrate substrate substrate substrate

MpuHUMmanu He npuHumanu MpuHUManu He npuHumanu
cy6cTpatbl cy6cTparthbl cy6cTparbl cy6cTparbl
CYP3A4 CYP3A4 P-rnukonpotemHa  P-rnukonpotemHa

Cmax, ng/ml,
geometric mean (CV%)
Cmax, Hr/mn,
cpeaHee reom. (CV%) 141.73 (43) 98.25 (60) 0.80 122.26 (59) 126.15 (42) 0.27

AUC (0, T), ngeh/ml,

geometric mean (CV%)

AUC (0, T), Hrey/mn,

cpeaHee reom. (V%) 1126.21(40) 822.55 (66) 0.88 941.49 (53) 1057.32 (46) 0.27

AUC (0, ), ngeh/ml,

geometric mean (CV%)

AUC (0, ), Hrey/mn,

cpenHee reom. (CV%) 2589.47 (46) 3107.21(95)  0.77 2651.80 (53) 2803,02 (88) 0,77

Tmax, h,

mediana (min; max)

Tmax, 4,

MefivaHa (min, max) 3(1;:4) 3(1:4) 0.96 3(1:4) 3.5(1:4) 0.42
%, h, M£SD

%2, 4, M£SD 11.65.2 27.6£19.4 0.16 12.72£6.45 19.04£16.04 0.68
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Figure 1. Correlation between Tmax and NIHSS scale score
PucyHok 1. 3aBUCMMOCTb Tmax OT TAXEeCTU MHCYNbTa NO
wkane NIHSS
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Figure 3. Correlation between mean plasma concentration of
apixaban and time
PrcyHoK 3. 3aBUCUMMOCTb CpefHen KOHLEeHTpaLMM anvKca-
baHa B nNnasme oT BpeMeHn

CYP3A4 and P-glycoprotein substrate. However, analysis
of pharmacokinetics in groups of patients treated and not
treated with substrates of CYP3A4 or P-glycoprotein
didn't demonstrate statistically significant differences
(Table 3).

Discussion

Previous pharmacokinetic studies with apixaban re-
cruited only healthy volunteers, evaluating main phar-
macokinetic parameters and their correlation with dose,
pharmacodynamics parameters, meals, etc. One of the
largest study (Frost et al.) included 57 healthy volunteers,
of which 43 were administered apixaban including 6 peo-
ple receiving dose of 5 mg [5]. In this group the follow-
ing results were reported: geometric mean Cmax 104.7
ng/mL (CV%=25), AUC (0, t) 976.6 ngeh/mL
(CV%=36), AUC (0, ») 1016.6 ng*h/mL (CV%=37).

G0 r=0.638

p=001

55 60 65 70 75 80 85 20
Age, years / BospacT, roabi

t% - half-time period / nepvop nonyBbiBefeHus

Figure 2. Correlation between half-time period of apixaban
and patient age
PyicyHOK 2. 3aBUCUMMOCTb Nepuoa NosyBbiBEAEHUS anmnkca-
baHa oT Bo3pacTa

KeCTblo MHCynbTa no wkane NIHSS 1 Tmax (r=-0,628,
p=0,007) (puc. 1). YcTaHOBNEHA NONOXMTENbHAs KO-
pensuvs cpeaHen cunbl Mexay ty anunkcabaHa 1 Bo3-
pactoM naumenTos (r=0,638, p=0,01) (puc. 2). Takxe
OTMeYeHa TeHAeHUMs K Bo3pacTaHuio 3HadeHms AUC
(0, ») c yBenu4eHviem kKonmyecta 6anmos Mo LKase oLeH-
KV prcka TPOMBO3IMOONINHECKNX OCNIOXKHEHUI Y BOMBHBIX
¢ pmbpunnsaumen CHA,DS,-VASC, He focTuriuas cratu-
CTryeckom 3HaummocTu (r=0,620, p=0,14).

CpefnHee KONMYeCTBO Ha3HA4YeHHbIX NMPenapaTtos B
CTalMoHape B nepurop, rocnmTanisaumm (Bkodas nHay-
3MOHHble pacTBopbI) coctaBkno 12 (o1 1040 17). OT 1 oo
2 13 Ha3Ha4YeHHbIX NpenapaToB, kpoMe anvkcabaHa, sB-
nannce cyoctpatammn CYP3A4 mnu P-rnmMkonpoTenHa.
OfHako Npu aHanmse pasnuymin hapMakoKMHETUKU MeX-
Zly rpynnamMm MprHUMAaBLUVIX U HE MPUHVIMABLLX CyOCTpaThl
CYP3A4 vnu P-rmnkonpoTenHa cTaTUcTU4ecky 3Ha4MMbIX
Pa3NNYUIA BbiBNEHO He 6bino (Tabn. 3).

OOGcyxaeHune

PaHee papMakoKMHETNYECKe NCCeoBaHMS anmkca-
DaHa NPOBOAMIICH TOMNBKO Y 3[10POBbIX JOOPOBOLLIER, B
KOTOPbIX OLLeHMBANMCh OCHOBHbIE (DapMaKOKMHETUYECKME
nokasatenu npenaparta, Mx CBA3b C MPUHATOW [030M,
hapMaKoAMHAMMNHECKMI MOKa3aTeNAMM, MPUEMOM ML
1 op. OOHUM 13 CaMblX KPYMHbIX ABMSETCA UCCNefoBaHMe
Frost n ap. [5], B KoTopoe Oblno BKIto4eHO 57 300Pp0BbIX
NoOpoBoNbLEB, 43 13 KOTOPbIX Monyyanu anvkcabaH. B
rpynny NpUHUMAaOLWMX 5 Mr anmkcabaHa Obio BKOYEHO
6 YenoBek. B 310V rpynne Oblnn NoyyeHbl CleayioLLe pe-
3ynibTathl: cpefHee reomMeTpudeckoe Cmax 104,7 Hr/Mn
(CV%=25), AUC (0, ©) 976,6 Hreu/mn (CV%=36),
AUC(0, ©) 1016,6 Hred/Mn (CV%=37). MenunaHa Tmax
3,34 (min;max 2,5;4). Cpearee ty , 15,24 (SD 8,5).
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Median Tmax was 3.3 h (min; max 2.5; 4). Mean t 2
was 15.2 hours (SD 8.5).

Despite the differences between average phar-
macokinetics parameters of apixaban in healthy
volunteers obtained in Frost study and patients with
stroke according to our data, we can’t conclude that
it was statistically significant. Future comparative
studies are required to work out this problem.

In case of stroke patients it seems difficult to allo-
cate the major factors that may affect the pharma-
cokinetics of apixaban. These may include the
severity of the underlying disease, comorbidity, con-
comitant use of other drugs especially CYP3A4 and
P-glycoprotein substrates.

Apixaban is CYP3A4 and P-glycoprotein sub-
strate, which is encoded by ABCB1 gene. Different
genotypes of polymorphic marker C3435T ABCB1
gene are associated with different activity of P-gly-
coprotein, which may influence on apixaban phar-
macokinetics.

It is also known that systemic inflammatory
response develops during acute phase of stroke due
to an active synthesis of proinflammatory cytokines
[6]. These substances can modify the pharmacokinetics
of drugs via cytochrome P-450 and P-glycoprotein
activity [7].

Therefore future pharmacogenetics studies of
polymorphism C3435T ABCB1 gene encoding P-gly-
coprotein, and evaluation of proinflammatory cytokines
(interleukin-6 and tumor necrosis factor alpha) plas-
ma level appear to be perspective.

Conclusion

This study provided first data on the pharmacoki-
netics of apixaban in patients with acute cardioembolic
stroke in Russia and it could potentially contribute to
the development of new personalized approach to an-
ticoagulation in this population.

Disclosures. This study was supported by the Rus-
sian Science Foundation, project 16-15-00227 "Fun-
damental and exploratory researches in priority the-
matic research areas".
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HecmoTps Ha pasnnyusa cpefHmx nokasarenen apmMako-
KMHETUKM anukcabaHa Mexzy rpynnow 340poBbIX 400Opo-
BOJIbLIEB B MCCNeAoBaHMM Frost 1 rpynnov omnbHbIX C UHCYb-
TOM B HaCTOALLEM UCCNefOBaHNN, HEBO3MOXHO CAenaTb Bbl-
BO[, O CTaTUCTMNHECKOW 3HAYMMOCTV AAHHbIX Pa3fnNYni. STy 3a-
[a4y BO3MOXHO PeLUnTb TONbKO NPV MPOBEeAEeHNM CPaBHW-
TeSIbHOrO UCCef0BaHMUA.

B cnyyae GomnbHbIX C IHCYNBTOM CIIOXHbBIM NPEACTaBAseTcs
BbIAeNUTb BeflyLme akTopbl, CNOCOOHbIe MOBNUATL Ha dap-
MakOKUHeTUKY anukcabaHa. K HM MOryT OTHOCUTBCS TAXKECTb
OCHOBHOTO 3ab0neBaHNs, HannymMe CoMyTCTBYIOLLEN NATONOrK,
OLHOBPEMEHHbIV NMPUEM LPYrMX MpenapaToB, 0COOEHHO sB-
naowmxcs cyocrpatamu CYP3A4 v P-rnmkonpotenHa.

AnukcabaH siBnsietcs cyoctpatom CYP3A4 m P-rnnkonpo-
TenHa, KoTopbIn kogmpyetcs reHom ABCB 1. PaznyyHble reHo-
TVMbl N0 nonuMopgHoMy Mapkepy C3435T reHa ABCB1 ac-
COLMMPYIOTCS C Pa3HOM aKTUBHOCTBIO P-rMiMKonpoTemHa, YTo Mo-
KeT OKa3blBaTb BNUSAHME Ha PapMakOKMHETUKY anukcabaHa.

Tak>ke 13BeCTHO, HTO MPW UHCYIBTE Pa3BMBAETCH CUCTEMHbBIV
BOCManMTeNbHbIN OTBET, 0OYCIOBNEHHbIV aKTUBHBIM CUHTE30M
MPOBOCMASINTESTbHBIX LIUTOKMHOB [6], KOTOPbIE, B CBOIO O4epesb,
CNOCOOHBI M3MeHATL (hapMaKOKMHETMKY NpenapaTos 3a cHeT
BJINAHNA Ha CcUCTeMy LmMToXpoMa P-450 v akTMBHOCTb P-rn-
KonpoteunHa [7].

B 3ToM CBSA3M NepcnekTVIBHbIMM HAaNPaBeHUAMY JanbHeN-
LLIEro 13y4eHa (PakTopOB, BIIVIAIOLLIMX Ha (DAaPMAaKOKVHETVIKY ariiK-
cabaHa y B0MbHbIX C UHCYNBTOM, MOTYT CTaTb (hapMaKoreHeTu-
Yyeckme nccnenoBanms nonmmopdmsmMa C3435T reHa ABCB1, ko-
OVIPYIOLLIEro P-MIMKONPOTENH, a Takxke NCUIeA0BaHVIE COLePXKaHMSA
MPOBOCNANUTENBHBIX LIATOKMHOB, TakKMX Kak MHTEPNEeNKNH-6 1
paKTOp HeKpO3a onyxonu ansa B rniasmMe KPoBU.
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