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Pesiome

Bsenenue. Benbiwka HoBow MHPeKummn COVID-19 crana HacTosLWLMM BbI30BOM 415 BCEro 06LWeCTBa, M B NEPBYIO Ovepenb 4Ns cucTe-
Mbl 34paBooXpaHeHus. PazpaboTka HOBbIX NPenapaToB — CIOXHbIM M AOAMMI NpoLecc. B Havane naHaeMum 310 NobyaMIo K MHTEH-
CMBHOMY M3YYEHUIO YK€ WM3BECTHbIX NeKapcTB AN Tepanuu. PemaecuBMp nepBOHaYanbHO WMCCNELOBaNcs ANs NevyeHus Bupyca
J60nbl. Mocne Havana nangemmn COVID-19 6bina nokasaHa ero in vitro aktmBHocTb npoTmne SARS-CoV-2. MocnenoBaswme 3atem
KMHWYECKME UCCNefoBaHuUs Nnokasanu 3hdeKTBHOCTb peMAEeCMBMPa B COKPALLEHWUM BPEMEHU [0 BbI3LOPOBNEHMS.

Uenb. OueHnTb BAnsSHWE HocuTenbcTBa nonnuMopdHbix anneneit CESI (A > C, rs2244613) Ha npodunb 6e30nacHOCTM Npu Tepanuu
peMaecuBMPOM.

Marepuanbl u MeToabl. B nccnenosanune 6binm BkAYeHbl 154 naumeHTa, roCNUTanu3MpoBaHHbIX C KOPOHABUMPYCHOM MHbEKLMEN.
Bce naumeHTbl nonyyanu peMaecmMemp B Ka4ecTBe STMOTPOMHOM Tepanuu B CTaHLApTHOM pexmme: 200 Mr B nepBble CYyTKM, 3aTeM
100 Mr pa3 B cyTkM B TedeHne 5-10 aHei. Bo Bpems HabnogeHns oTMeYanmcb KIMHMYeCkue 1 1abopatopHble NPU3HaKKM Hexena-
TeNbHbIX NOB6OYHbIX ABNEHMN. KaxkaoMy naumeHTy 6611 npon3BeneH 3abop BEHO3HOM KpOBM A1 NpoBeLeHMs GapMaKoreHeTuyecko-
ro uccnenosaHus. [eHoTUNMPOoBaHWe NPOBOAMIOCH C MOMOLLbIO METOLMKM NMOAMMEPA3HONM LLeNHOM peakLmn B peXxuMe peanbHoro
BpeMeHu. CTaTUCTUYECKMI aHaNu3 pe3ynbTaToB NPOBOAMIICS C MOMOLLBI nporpaMmbl IBM SPSS Statistics 23.0.

Pesynbtathbl. He 66110 BbISIBNEHO LOCTOBEPHbIX aCCOLMALLMIA HOCUTENBCTBA Pa3fiMuHbIX BapmnaHToB CESI C 4aCTOTOM HexXenaTenbHbIX
peakumi (bpagmnkapamu, TOWHOTA, pBOTA) M NabOPaTOPHbIMU Mapkepamu HexenaTtenbHbIx ssnennii (yposuu AJIT, ACT, kpeaTuHMHA).
BbiBogbl. B HaweMm nccnenosaHmmn He 66110 0OHapyXeHO accoumaumm HoCUTeNnbCcTBa noanMopduamos reHa CESI ¢ napameTpamu
6e30MacHOCTM pemMaecMBMpa Y roCNUTaNM3npoBaHHbIX nauneHTos ¢ COVID-19. HeobxoanMbl AanbHenwme NCCiefoBaHUS BO3MOX-
HoCTen nepcoHanusaumu tepanum COVID-19 ¢ noMowwblo hapMakoreHeTMYeCcKoro TeCTMPOBaHMS.
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Abstract

Introduction. An outbreak of novel COVID-19 infection has become a real challenge for the entire human society, and first of all
for the healthcare services. The development of new drugs is a complex and lengthy process. At the beginning of the pandemic,
it forced an intensive study of well-known drugs for the therapy. Remdesivir was first investigated as a potential treatment for
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Ebola virus. After beginning of the COVID-19 pandemic, in vitro evaluations demonstrated its activity against SARS-CoV-2.
Subsequent clinical studies showed the efficacy of remdesivir in shortening the time to recovery.

Aim. To evaluate the effect of the carriage of polymorphic alleles of the CES1 gene (A > C, rs2244613) on the safety profile of
remdesivir therapy.

Materials and methods. A total of 154 patients hospitalized with coronavirus infection were included in the study. All patients
received remdesivir as etiotropic therapy in the standard regimen: 200 mg on the first day followed by 100 mg daily for 5-10 days.
In the course of observations, clinical and laboratory signs of adverse events were reported. Venous blood samples were collect-
ed from each patient for pharmacogenetic studies. Genotyping was performed using the real-time polymerase chain reaction
technique. Statistical analysis: Bata were analysed by using IBM SPSS Statistics, Version 23.0.

Results. There were no significant associations of carriage of various CESI variants with the frequency of adverse reactions (bra-
dycardia, nausea, vomiting) and laboratory markers of adverse events (ALT, AST, creatinine levels).

Conclusion. In our study, no association was found between the carriage of CESI gene polymorphisms and the safety parameters
of remdesivir in hospitalized patients with COVID-19. Further research into the possibilities of personalizing COVID-19 therapy

through pharmacogenetic testing is needed.

Keywords: remdesivir, pharmacogenetics, polymorphisms, personalization, COVID-19, CES, antiviral

Acknowledgments. This study was conducted with financial support from the Ministry of Health of the Russian Federation as
part of the government assignment — Development of a Clinical Decision Support System for Adverse Drug Reaction
Predictions in Patients with COVID-19 Based on Pharmacogenetic Testing (EGISU NIOKTR No. 122021800321-2).

For citation: Temirbulatov L.I., KryukovA.V,, Mirzaev K.B., Denisenko N.P, Abdullaev S.P, Sozaeva Z.A., Kachanova AA,,
Zhiryakova A.S., Shevchuk Y.V, Vechorko V.I., Averkov O.V, Sychev D.A. Evaluation of the association of CESI (rs2244613)
polymorphisms with the safety of remdesivir in hospitalized patients with COVID-19. Meditsinskiy Sovet. 2022;16(23):304-309.
(In Russ.) https://doi.org/10.21518/2079-701X-2022-16-23-304-309.

Conflict of interest: the authors declare no conflict of interest.

BBEAEHUE

KopoHaBmpycCbl SBASIOTCS BaXHbIMK NaToreHaMu YenoBe-
Ka M xuBOTHbIX [1]. B koHue 2019 r. B I. ¥XaHb KUTaNCKOW
NpoBUHUMK Xybel Obln 0BHapyXeH HOBbLIN KOPOHABMPYC,
BbI3BaBLUMI BCMbIKY NMHEBMOHWNI. Bupyc 6bicTpo pacnpo-
CTpaHANCs, 4YTo npuBeno K 3anuaemum no Bcemy Kutato,
3a KOTOpbIM NOCNEA0Ban POCT CAy4aeB B APYrMX CTpaHax
no scemy mupy. B despane 2020 r. BcemmpHas opraHusaums
34paBooxpaHeHuns Hasgana 6onesHb COVID-19 (kopoHasu-
pycHas nHdekumsa 2019 r). Bupyc, BbisbiBatowmin COVID-19,
6b1n 0603HaYeH kak SARS-CoV-2 (Severe Acute Respiratory
Syndrome Related Coronavirus 2 - BMPYC, BbI3blBaOLWMIA
TSOKENbIA PECNMPATOPHBbIN CUHAPOM 2)%.

Bcnbiwka HOBOM MHMEKLMM CTana HaCTOALWMM BbI30BOM
Lng Bcero obLwwecTsa, M B MNepByl oyepelb LNS CUCTEMb
34paBooxpaHeHus [2, 3]. PaspaboTka HOBbIX NpenapaTos -
CNOXHbIN W AonrMin npouecc. B Hayane naHgemun 310 Noby-
[MNO K UHTEHCMBHOMY M3YUYEHMIO YXKE U3BECTHbIX N1eKapCTB
ona Tepanum COVID-19 [4, 5].

PemMIecuBmp nepBoHavanbHO UCCNEAOBANCS ANS NeYeHUs
Bupyca J60nbl [6]. Nocne Havana nanaemun COVID-19 6bina
nokasaHa ero in vitro aktusHocTb npotns SARS-CoV-2 [7].
NocnenoBaBLIMe 33aTEM KIMHUYECKME MCCNEN0BaHMUS NOKa3a-
M 3QbEeKTMBHOCTb peMAeCcMBMPa B COKPALLEHUN BpeMeHMU
[o Bbi3gopoenenuns [8]. Mocne 3storo B okts6pe 2020 .
FDA onobpuno pempecusup ang nevenuns COVID-19. OgHako
[lanbHelLIne NCCNefoBaHWs He NoKasanu BAUSHUS peMaecu-
BMpa Ha TBepAble KOHEYHbIE TOYKM Y FOCMUTANN3NPOBAHHbIX

! World Health Organization. Director-General’s remarks at the media briefing on 2019-nCoV
on 11 February 2020. Available at: http://www.who.int/dg/speeches/detail/who-director-
general-s-remarks-at-the-media-briefing-on-2019-ncov-on-11-february-2020.

naumeHToB. MccneposaHue SOLIDARITY, npoxoavBliee nog,
srupon BO3 u BkntoyaBlee 5 451 naumeHTa, He nokasano
BAMSHUSI HAa CHMXEHME CMepTHOCTM M noTtpebHoctn B UBJI
npy MOHOTepanuu pemMaecnsnpom [9].

CornacHo otyety EBponeiickoro MegmMLMHCKOrO areHTCTBa
pemaecmeup Ha 80% MeTabonusmpyetcs KapbokcuacTepasa-
Mu (CES1 n 2)%. CES1 aBnsieTcs BakHbIM (EPMEHTOM MeEYEHM,
KOTOpbI y4acTBYeT B MeTabonn3mMe NekapCTBEHHbIX CPEACTB,
Takux Kak gaburatpaH u knonuporpen. 1o 85% nponekapcrea
Knonuaorpena, NoCTynatoLLero B opraHnam, 6bICTpO rMaponu-
3yeTcs B HeakTMBHble MeTabonuTbl nopg nencremeM CESI,
n T0NbKO 15% KNoNMAorpena MoryT 0KasblBaTb IEKAPCTBEHHOE
nericreue. BapuaHTbl reHa CESI accoummpyroTcs C NOBbILLEHM-
€M YPOBHS aKTMBHOIO MeTabonuTa KNonuaorpena u nyymm
TepaneBTMyeckuM oteetoM [10]. B metaaHanmze 10 nccneno-
BaHWA (N = 2 777) 6biN0 NOKA3aHO, YTO MaLMEHTbI, HeCyLlme
no KpainHei Mepe oguH annenb CESI rs2244613 G, umenu
CHWMXKEHHYI0O MUHUMANbHYIO KOHLEHTpauuto AaaburatpaHa
1 Bonee HU3KUIA PUCK KPOBOTEYEHUS MO CPABHEHMIO C MLLAMMU,
He ABNAIOLLMMUCS HOCUTENSMU, T. €. € reHoTunoMm T/T [11].

Lenblo Halwero uccnenoBaHUs HbIM0 OLEHUTb BIUSIHUE
HOCUTENbCTBA MNOAMMOPMHbIX BapuaHToB reHa CES u 6e3o0-
MaCHOCTb Tepanuu pemMaeCcMBUpOM.

MATEPUAJIbl U METOAbI

MccnepoBaHme npoBoauioch Ha 6ase fopoackon KMHK-
yeckoi 6onbHUUbl N215 um. O.M. @unaTosa [JenaptaMeHTa
34paBooxpaHeHns MockBbl M Obln0 0f06peHO NOKaNbHbIM

2 European Medicnes Agency Summary on Compassionate Use of Remdesivir. Available at:
https://www.ema.europa.eu/en/documents/other/summary-compassionate-use-remdesivir-
gilead_en.pdf.
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3TMyeckum kommtetom OIBOY AMO «PMAHMO» MuH3opasa
Poccuu (Mpotokon N215 ot 16.10.21 ).

Kputepnem BkntOYEHUS OblM YCTAHOBAEHHbBIM AMArHO3
KopoHaBupycHon wuHbekumn (U07.1; UO07.2 no MKB)
M WUCMONb30BaHWE peMAecMBMPa B KavyecCTBE 3TMOTPOMHOWA
Tepanuu, a Takxe NoAnMcaHHoe A06poBObHOE MHGBOPMU-
poBaHHoe cornacue. Kpurepusamu UCKAo4eHUs Bblan NpoTu-
BOMOKAa3aHMa K Ha3HauveHuio pempecmsupa: CKO meHblie
30 mn/mMuH/1,73 M2, GepeMeHHOCTb, MepuoA TFpPyAHOTO
BCKapMMBAHUS, MOBbILEHWE YPOBHS anaHWMHAMUHOTPAHC-
depa3bl (AJTT) cBbIWe NATY BEPXHUX FPAHML, HOPMbI, TAXXeNas
nevyeHouYHas HeLoctaToyHoCTh (knacc C no Yanng - MMeto).
PeMaecMBUMp MCNONb30BaNCs B CTaHAAPTHOW A03MPOBKE:
200 mr B/B B nepBble cyTku, 3ateMm 100 Mr pas B CyTKM
B TeyeHume 5-10 pHei. MccnepoBaTenb He MOr BAUATb
Ha BbIOOp MPOTMBOBWMPYCHOrO Mpenapata U AAUTENbHOCTb
Tepanuu. Bo Bpems rocnutanusaumm OT BCEX MALMEHTOB
66110 nonyyeHo [o6POBONbLHOE MHDOPMUPOBAHHOE COrNa-
CMe Ha yyactme B uccnepoBaHuu. Takke 6bino B3gto 10 mn
BEHO3HOM KPOBM AN15 NOC/IeLyoLWero reHoTunmnposaHus. OHo
npoBoAMnoch Ha 6aze HMW monekynspHoW 1 nepcoHanmnsm-
poBaHHOW MeguuuHbl PMAHIO. BbioeneHne reHOMHOM
OHK 13 uenbHoM KpoBM OCYLWECTBASNOCH C MOMOLLbK Habo-
pa peareHToB S-Cop6 ong Bbioenenns OHK Ha kpemHue-
BoM copbeHTe (OO0 «CuHTON®, Poccums). KoHLeHTpaLms aKkc-
TparnpoBaHHon [1HK onpepensnacb C MOMOLWbH CNEKTPO-
dotomeTtpa NanoDrop 2000 (Thermo Fisher Scientific, NY,
USA). HocutenbctBo nonumopdHoro Mapkepa rs2244613
reHa CESI BbISIBNSINOCb METOLOM MOMMMEPA3HOM LEeNHOM
peakuun B pexume peanbHoro spemeHun (Real-Time PCR)
C nomouwpto Habopos peareHtoB «leHTect CESI»
(OO0 «Homotek», Poccuns) Ha amnaudukatope Real-Time
CFX96 Touch (Bio-Rad Laboratories, Inc., CLLUA). Tomo-(CC)
n retepo3urotHole (AC) HocuTenu nNonMMopdHOro BapuaHTa
CES1 (rs2244613) 6binmn obveanHeHbl B 04HY rpynny. Pacuet
paBHOBecus Xapau - BarnHbGepra mpoBoauacs C NOMOLLbH
OHNanH-mHcTpyMeHTa OEGE, npyMeHseMblit MeTOA, — TOUHBI
kputepwuit Guwwepa. MNpu HabnoaeHUM 33 NaLMeHTaMmn oTMe-
Yyanucb noboyHble 3ddekTbl Tepanum (bpagukapamu, TOWHO-
Ta, pBOTa, AMapes) U WM3MEHEHWUS Pa3MUHbIX KAUHWUKO-
nabopatopHbix xapaktepuctuk (YCC, yposHern AT, ACT,
WHTepnenkunHa-6, depputuHa, [-oumepa). CraTucTnyeckas
06paboTka pe3ynbTaToB UCCNeA0BaHUS NPOBOAMAACH B NPO-
rpamme SPSS Statistics 22.0. lng cpaBHeHUS KONMYECTBEH-
HbIX MPU3HAKOB WMCMOMb30BaNCs TeCT MaHHa - YWUTHMU.
CpaBHeHWe KaTeropuasnbHblX MNepeMeHHbIX MPOBOAWMNOCH
nMpy NOMOLLM KpUTepus xu-kBaapat lNupcoHa uan ABYyCTO-
pOHHero TouyHoro kputepusi Ouwepa. [Ons onpepenexus
[LOCTOBEPHOCTM pas3nunymii Mexay napameTpaMu MCnonb3o-
Banacb BenmumHa p < 0,05.

PE3YJIbTATbI

Cpeon 154 naumeHTOB, BK/HOYEHHbIX B MCCIEL0BAHME,
108 6bI1M HoCHTENAMM annenbHoro BapuaHTa AA, 34 —retepo-
3urotamm ACwm 12 - Hocutenamum BapuanTa CC.Pacnpenenexuve
annenei 3Ha4YMMO OTAMYANOCh OT paBHoBecus Xapau -
BaiHbepra (p = 0,002). M3 mabn. 1 cnepyet, 4to YacToTa
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NOBOYHBIX SBNEHMI HE OTAMYANACh MEXAY HOCUTENAMU pas-
NINYHBIX BapuaHTOB reHa CESI. MicxoaHble nokasaTenu He pas-
NNYANUCb Mexay ABYMS MCCeayeMbiMU rpynnamu (mabn. 2).
Mpu CpaBHEHUM Pa3NUYHBIX KIMHUYECKMX WM NabopaTOPHbIX
napaMeTpoB Nocie Tepanuun pemMaecuMBnpom (mabs. 3) Takxke
He 6blN10 0BHAPYXKEHO 3HAYMMOM PA3HULLbI MEeXAY HOCUTeNs-
MW OMKOrO BapuaHTta AA U HOoCUTENSIMM MOAMMOPGHBLIX Bapu-
aHtoB ACn CC.

OBCY>XAEHUE

Hanbonee yactble noboyHble 3PheKTbl TEPanuu pemae-
CMBMPOM BKJIIOYAIOT TOLLUHOTY, PBOTY, iMApEe0 U MOBblLLEHME
aKTMBHOCTM neuveHoYHbiX depmenToB AJIT u ACT [12-19].
Coobuwanocb 0 bonee cepbe3HbIX U NOTEHLMANbHO daTanb-
HbIX NOBOYHBIX 3 dekTax, BKNoYas bpaankapamio n novey-
Hyl0 HepocTaToyHocTb [20-28]. B Hactosiee Bpems HeT

Ta6nuya 1. BnusHue nonumopdHbix BapmaHtos CES1 (A > C,
rs2244613) Ha 4acToTy HeXenaTesbHbIX BNEHUI NpU Npueme
pemaecvBupa

Table 1. Effect of polymorphic variants of the CES1 gene
(A > C,rs2244613) on the frequency of adverse events during
remdesivir therapy

bpamukapausa 40 | 37 | 13 | 28,3 |0,294 | 1,49 | 0,704-3,165
TowHora 3128 1 2.2 1 1,28 | 0,13-12,69
Psota 1 109| 0 0 1

Nmnapes 7 165 5 |109 |0,344 0,568 | 0,171-1,894
TINA 25 | 23,1 11 | 23,9 {0,918 0,958 | 0,426-2,158

Ta6bnuya 2. KnuHnko-nabopaTopHble napaMeTpbl NaLMUEHTOB
[l0 Hayana Tepanuu peMAEeCMBMPOM B 3aBUCUMOCTM OT HOCH-
TenbcTBa BapuaHToB CES1 (A > C,rs2244613)

Table 2. Clinical and laboratory parameters of the patients
prior to starting remdesivir therapy depending on the carriage
of CES1 variants (A > C, rs2244613)

AT (EQ/n) 26 17-40 26 16-45 | 0,757
ACT (E0/n) 42 32-57 39 26-52 | 0,174
WHTepneitkun-6 (nr/mn) 43 17-118 57 28-126 10,230
MeppuTnH (Mr/Monb) 614 | 374-757 | 602 | 265-765 | 0,847
N-ammep (Hr/mn) 1088 | 480-1686 | 1172 |595-1868 0,505
HCC (yn/mmH) 86 78-94 84 78-90 | 0,478
Nevikouusl (10%/n) 65 | 48-93 | 65 | 45-92 |0,754
JiumcoumTsl (10%/n) 2 0,7-1,6 1 0,8-1,2 10,801




Ta6nuua 3. BnnaHwe nonumopdHbix BapuaHtoB CES1 Ha pas-
NNYHbIE KNMHUYECKMe 1 NabopaTopHble NapamMeTpbl NaLUEHTOB
nocne Tepanuu peMaecuBMpom

Table 3. Effect of CES1 polymorphic variants on different
clinical and laboratory parameters of the patients after
remdesivir therapy

AT (EL/n) 43 29-74 39 25-67 | 0,537
ACT (EL/n) 41 28-58 37 29-50 | 0,449
WHTepnenkun-6 (nr/mn) 90 17-285 78 16-254 | 0,635

®eppuTnH (Mr/monb) 677 |450-1009| 767 | 319-1157 0,865

[-oumep (Hr/mn) 1303 |483-2219 | 1487 | 811-2588 | 0,375
HCC (ya/MuH) 64 59-70 65 60-70 | 0,347
Jenbra YCC 24 15-31 20 12-26 |0,109
NeitkounTsl (10%/n) 8,1 6-12 9 5,7-13 10,698
NumdoumTol (10°/n) 11 | 07-16 1 0,6-1,4 |0,481

KNMHUYECKMX JaHHbIX 0 BAUSHUK BapuaHToB CESI Ha addek-
TMBHOCTb ¥ 6e30MacHOCTb Tepanuu PeMAECUBUPOM,
HO B IUTEpaType OTMEYAEeTCS BO3MOXHOCTb MEXNeKapCTBEH-
HbIX B3aUMOLEWCTBUIA, ONOCPeLOBaHHbIX MHIMOUMPOBaHUEM
CES1 [29]. TakKe B in vitro uccnenoBaHWWM pemaecusupa

0TMeYanocCb yMeHblleHne obLLero KAMpeHCca M NoBbIWEHWE
AUC y BapuaHTa G143E CESI [30]. 3TOT Xe BapuaHT reHa
accouMmMpoBancs C MOBbILUEHWMEM KOHLEHTpaLuM Knonuao-
rpena y naumentoB ¢ MBC [11]. B HaweM wccnenoBaHmm
He OblI0 BbISBJEHO aCCOLMALMM HOCUTENbCTBA MOAMMOP-
¢un3mos CESI c napameTpamu 6€30MacHOCTM peMAecuBupa,
HecMoTps Ha 6onblUyo ponb 3CTepa3 B MeTabonm3me npena-
paTa. (nenyet OTMeHWTb, 4To nommmo CESI Kk 3cTepasam
Takxke oTHOCAT CESZ, He M3yYeHHbIN B HAlWEM UCCIeL0BaHUM.
[pu 3TOM ANg MONHYNWMPaBUPa, APYroro NPOTUBOBMPYCHOIO
npenaparta, npumeHsemoro gns nevenms COVID-19 u takxe
MeTabonusmpyemMoro KapbokcuacTepasamu, nokasaHo, yTo
in vitro rmaponus npenapata KoppenupoBan C YPOBHEM
CES2, Ho He CESI. Takke oTMEYaeTCs, YTo rMAPOAN3 MOJTHY-
nMpasunpa MHIMBUpoOBancsa peMaecmsmpom [31]. 310 kocBeH-
HO MOXEeT CBMAETENbCTBOBATb O BaXKHOW ponn mMeHHo CESZ
B MeTabonm3me peMaecueupa.
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