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ABSTRACT

BACKGROUND: An increased risk of bleeding during rivaroxaban administration is associated with polymorphism of
genes involved in its biotransformation, as well as with the use of drugs inhibiting shared metabolic pathways. However,
the data are inconsistent.

AIM: To study specifics of drug-drug interactions between rivaroxaban and a P-glycoprotein inhibitor (using verapamil
as an example) depending on the polymorphism of the CYP3A4 (rs35599367) and CYP3A5 (rs776746) genes in patients
aged 80 years and older with non-valvular atrial fibrillation.

MATERIALS AND METHODS: A total of 128 patients (median age 87.5 years [83; 90], 75% women) were examined.
All patients underwent genotyping for the studied gene variants, determination of the minimum steady-state concentra-
tion of rivaroxaban (C,,;, .,), standardization of the minimum steady-state concentration of rivaroxaban per daily dose
(Cpin, 5s/D), determination of prothrombin time in plasma, and analysis of medical documentation for the occurrence of
clinically significant minor bleeding.

RESULTS: Compared to patients receiving rivaroxaban without calcium channel blockers, co-administration of rivaroxa-
ban and verapamil in carriers of the CC variant of the CYP3A4 gene resulted in higher values of C,;, ., (73.8 [49; 113.5]
vs. 40.5 [25.6; 73.3] ng/mL), C,, /D (2.5 [1.7; 4.0] vs. 4.7 [2.9; 7.7] ng/mL/mg), prothrombin time (14.8 [13.3; 17.3]
vs. 14.0 [12.6; 14.5] s) and clinically significant minor bleeding [10/30 (33.3%) vs. 6/45 (13.3%) cases], p < 0.05. In
carriers of the GG variant of the CYP3A5 gene, the same regimen resulted in higher values of C_,, ., (74.7 [50.6; 108.8]
vs. 40.2 [25.7; 72.3] ng/mL), C,;, /D (4.6 [3.0; 7.3] vs. 2.5 [1.7; 4.0] ng/mL x mg), prothrombin time (14.6 [12.8; 15.2]
vs. 14.0 [12.6; 14.5] s) and clinically significant minor bleeding [10/27 (37%) vs. 5/40 (12.5%) cases], p < 0.05. Fur-
thermore, in carriers of the GA+AA variant of the CYP3A5 gene, this regimen resulted in higher values of C_;, ., (88.1
[5.5; 88.1] vs. 52.8 [25.0; 77.21 ng/mL), C,,;, /D (5.7 [0.4; 5.7] vs. 3.5 [1.7; 5.2] ng/mL x mg), p < 0.05. The combined use
of rivaroxaban with verapamil in carriers of the CT variant of the CYP3A4 gene was not observed in our sample.
CONCLUSIONS: Carriers of the homozygous wild-type CYP3A4/A5 genotype showed high pharmacokinetic variability to

the administration of verapamil (a strong P-glycoprotein inhibitor and a moderate CYP3A4 inhibitor).

Keywords: drug-drug interactions; rivaroxaban; P-glycoprotein inhibitor; CYP3A4/5; pharmacogenetics; elderly patient;
bleeding.
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AHHOTALNA

AktyanbHocTb. [MoBbilEHME pUCKa KPOBOTEHYEHWN Ha (OHE MpueMa puBapoKcabaHa CBA3bIBAOT C NOMMMOPGU3MOM reHOB,
y4acTByloLLMX B ero bruoTpaHcopMaLmm, a TakKe C NPUMEHEHUEM JIEKAPCTBEHHBIX CPefCTB, KOTOPbIe UHIMBMpYIOT COBMECT-
Hble My MeTabonuama. OfHaKo AaHHble MPOTUBOPEYMBSI.

LUenb — u3yuntb 0cOBEHHOCTM MEXJIEKapCTBEHHOTO B3aUMOZENCTBMS puBapoKcabaHa M uHrubuTopa P-rnmkonpoTenHa
(Ha npumepe Bepanamuna) B 3aBMCMMOCTH 0T nonuMopduaMa reHos CYP3A4 (rs35599367) n CYP3A5 (rs776746) y nauueHToB
80 net u cTapLue ¢ HeknnanaHHoW Gubpunnaumeil NpeLcepanii.

Martepuansl u Metoabl. 06cnefoBaHbl 128 naumeHToB (MeanaHa Bospacta 87,5 net [83; 901, 75 % eHwmH). BceM nauveH-
TaM NpoBefieHbl FeHOTUNMPOBaHME MO UCCeyeMbIM BapuaHTaM reHoB, onpefesieHne MUHUMAaTbHOW PaBHOBECHOM KOHLIEH-
Tpaumm pusapokcabaHa (C,,;, o), CTaHAapTM3aumMs MUHAMAJILHOW PABHOBECHOM KOHLEHTpaLUMM puBapoKcabaHa Ha CyTouHyio
nosy (C,;, «/D), onpenenesre npoTpoMbUHOBOro BpeMeHM B MyiasMe M aHau3 MeNUMHCKON [OKYMeHTaLuu Ha Hainuue
K/IMHWYECKU 3HAUMMBIX HEOOMBLUMX KPOBOTEYEHHUH.

Pesynbtatbl. CoBMecTHOE NpuUMeHeHWe puBapoKcabaHa ¢ BepanamMuioM B CPaBHEHMM C MaLMeHTaMK Ha GoHe npueMa pusa-
pokcabaHa 6e3 6nokaTopoB KanbLyeBbIx KaHanoB y Hocuteneidr CC reHa CYP3A4 npuBoamno K bonee BbICOKMM 3HAYEHUSM
Conin, ss (73,8 [69; 113,51 vs 40,5 [25,6; 73,31 ur/mn), C ., /D (2,511,7; 4,01 vs 4,7 [2,9; 7,71 Hr/mn/Mr), npoTpoMbUHOBOT0 BpemeHu
(14,8113,3; 17,3] vs 14,0 [12,6; 14,5] c) 1 KNMHMYECKM 3HAYMMBIX HeBOMbLLMX KpoBoTeueHuid [10/30 (33,3 %) vs 6/45 (13,3 %)
cnyyaes], p < 0,05. Y Hocuteneit GG resa CYP3A5 npuBoauso K bonee BbICOKMM 3HaueHnsM C,;, ., (74,7 [50,6; 108,8] vs 40,2
(25,7;72,3] wr/mn), C,;, /D (4,6 [3,0; 7,31 vs 2,5 [1,7; 4,0] Hr/Mn x mr), npotpombutosoro spemenu (14,6 [12,8; 15,2] vs 14,0
[12,6; 14,5] c)  KNMMHMYECKM 3HaUMMbIX HebonbLLIMX KpoBoTeueHun [10/27 (37 %) vs 5/40 (12,5 %) cnyyaesl, p < 0,05. Uy Ho-
cuteneit GA+AA rena CYP3A5 npusoauno K 6onee BbiCOKUM 3Hadenmnam C. . (88,1 [5,5; 88,1] vs 52,8 [25,0; 77,2] wr/mn),
Conin, s/ (5,7 10,4; 5,7 vs 3,5 [1,7; 5,2] Hr/mn x mr), p < 0,05. Y Hocutenei CT rena CYP3A4 coBMecTHOe npuMeHeHue puBa-
pokcabaHa c BepanamMuioM B Halleli BbIbopKe He BCTpeYanoch.

BoiBogpbl. Hocutenu romosurotHoro aukoro reHotuna CYP3A4/A5 nokasanu BbiCOKYH dapMaKOKUMHETUYECKYH Bapuabenb-

HOCTb K NpueMy BepanaMmia (CUMbHbIA MHMMOUTOpP P-rnnKonpoTenHa 1 yMepeHHbIn uHrnbutop CYP3A4).

KnioyeBble cnoBa: Mex/eKapcTBEHHOE B3aUMOAENCTBIE; puBapoKcabaH; MHrnbutop P-rnukonpotenHa; CYP3A4/5; dhapmako-
FEeHETUKa; MOXWIION NaLMEHT, KPOBOTEUEHUS.
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BACKGROUND

Over the last 50 years, there has been an upward
trend in the number of older adults due to improvements
in healthcare and quality of life. Experts predict that by
2050, the number of people over 80 years will increase
fourfold. The number of diseases, including atrial fibrilla-
tion (AF), increases with age. The prevalence of AF in the
general population is 1%-2%, and its incidence increases
with age from <0.5% at age 40-50 years to 5%—15% at an
age 80 years [1]. Pharmacotherapy of elderly patients has
some peculiarities, including changes in pharmacokinet-
ics due to deterioration of liver and kidney function, sar-
copenia, impaired water balance and other complications,
as well as changes in pharmacodynamics, such as im-
paired receptor density and sensitivity, post-receptor im-
pairments and impaired regulation of homeostasis mech-
anisms. It is worth considering that elderly people are
often polymorbid, which increases the risk of polyphar-
macy. Polypharmacy leads to drug-drug interactions and
an increased risk of adverse drug reactions (ADRs) [2].
To prevent thromboembolic events, patients with AF are
prescribed direct oral anticoagulants, one of which is ri-
varoxaban. Rivaroxaban is a direct-acting anticoagulant
that inhibits factor Xa, resulting in disruption of the coag-
ulation cascade and thrombosis. It has a dose-dependent
effect on prothrombin time (PT), which is well-correlated
with plasma concentration of the drug [3, 4]. Moreover,
2/3 of rivaroxaban dose are excreted from the body by the
kidneys, and the other 1/3 is excreted by the liver with the
participation of cytochromes CYP3A4, CYP2J2. In the study
by Zhao et al. [5] on the effect of cytochromes P450 on ri-
varoxaban metabolism in vitro the authors distributed CYP
isoforms by rivaroxaban hydroxylation activity as follows:
CYP2J2>3A4>2D6>4F3>1A1>3A5>3A7>2A6>2E1>2C9>2C19.
However, in vivo studies show conflicting results regard-
ing the contribution of these gene polymorphisms to riva-
roxaban metabolism [6-12].

Rivaroxaban is a substrate for the transporter proteins
BCRP (breast cancer resistance protein) and P-glycopro-
tein (P-gp). A recent meta-analysis by Mardi et al. [13]
showed that mutations in the ABCBT gene (rs1045642),
encoding P-gp, are a potential factor that increases se-
rum concentration of rivaroxaban and can be considered
as a marker of rivaroxaban metabolism. Co-administra-
tion of the P-gp substrate with its inhibitor shows dif-
ferent degree of bleeding risk. Thus, a meta-analysis by
Li et al. [14] included 4,417,195 cases, revealing 11,967
bleeding events associated with P-gp inhibitors and a
higher risk of bleeding when combining rivaroxaban with
dronedarone ' and diltiazem.

In addition, an increased risk of bleeding is noted
with concomitant use of P-gp and CYP3A4 inhibitors.

! The drug product is not approved in the Russian Federation.
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In a retrospective study by Grymonprez et al. [15] among
193,072 patients with AF taking oral anticoagulants,
23.9% (46,194) of patients co-administered P-gp/CYP3A4
inhibitors. In the analysis, an increased risk of major
bleeding was observed with rivaroxaban co-administered
with amiodarone [relative risk (RR) 1.27, 95% confidence
interval (CI) 1.21-1.34], diltiazem (RR1.28, 95% CI 1.13-
1.46), verapamil (RR1.36, 95% CI 1.03-1.80), ticagrelor
(RR1.50, 95% CI 1.20-1.87), and clarithromycin (RR1.55,
95% CI 1.14-2.11). In a meta-analysis of 11 studies in-
cluding 37,973 patients by Yang et al. [16], dabigatran,
apixaban and edoxaban’ were associated with a signifi-
cantly lower risk of major bleeding compared to rivarox-
aban when co-administered with P-pg/CYP3A4 inhibitors.

Since the data regarding the contribution of genetic
factors related to the transport and metabolism of ri-
varoxaban and the influence of P-gp inhibitors on its
pharmacokinetic profile are scarce and contradictory, in
continuation of our previous study [17], we analyzed the
peculiarities of drug-drug interaction between rivaroxa-
ban and P-gp inhibitors depending on the polymorphism
of CYP3A4 and CYP3A5 genes.

The study aimed to investigate the characteristics
of drug-drug interaction between rivaroxaban and P-gp
inhibitors (using verapamil as an example) depending
on polymorphism of CYP3A4 (rs35599367) and CYP3A5
(rs776746) genes in patients with non-valvular atrial fi-
brillation aged 80 years and older.

MATERIALS AND METHODS

Study design and ethics

This study is a cross-sectional study of data from
patients with non-valvular AF aged 80 years and older
that were collected from January 2019 to February 2020.
The study was approved by the Ethical Committee of the
Russian Medical Academy of Continuing Professional
Education (Protocol No. 1 dated January 22, 2019) and
conducted in accordance with the Declaration of Helsinki
and in compliance with the Rules of Good Clinical Prac-
tice. Verbal and written informed consent were obtained
from all the participants included in the study.

Patients

We examined 128 Caucasian patients with non-valvu-
lar AF aged 80 years and older (median age 87.5 years
[83-90 years], 75% women), who were treated in a mul-
tidisciplinary hospital in Moscow. Patients were included
in the study if they met the inclusion criteria.

Inclusion criteria: 1) patients with non-valvular AF of
both sexes; 2) age at the time of inclusion in the study:
80 years and older; 3) duration of previous use of riva-
roxaban with verapamil, amlodipine or without calcium

2 Same.
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channel blockers (CCBs): at least 1 year from the moment
of inclusion in the study; 4) voluntary informed consent
for participation in the study.

The main non-inclusion criteria were: 1) age less
than 80 years; 2) concomitant drug therapy with known
drug-drug interactions with rivaroxaban (fluconazole,
ketoconazole and other azole antifungal drugs; ritona-
vir and other human immunodeficiency virus protease
inhibitors; amiodarone, clarithromycin, erythromycin;
platelet aggregation inhibitors (including acetylsalicylic
acid); non-steroidal anti-inflammatory drugs; selective
serotonin and norepinephrine reuptake inhibitors; rifam-
picin, phenytoin, carbamazepine, phenobarbital, Hyperi-
cum perforatum preparations; 3) patient’s violation of the
examination and treatment plan procedures; 4) refusal to
participate in the study.

All patients were taking rivaroxaban (once daily)
for ischemic stroke prophylaxis at a dose of 15 mg/day
(86.7% of patients) and 20 mg/day (13.3% of patients).
Each patient was genotyped according to the studied
polymorphisms, and the minimum equilibrium concen-
tration of rivaroxaban (C,;, ) was determined. In addi-
tion, the minimum equilibrium concentration of rivaroxa-
ban was standardized to the daily drug dose (C,;, /D).
All patients underwent coagulation tests with determi-
nation of plasma prothrombin time (PT) and analysis of
medical records for the presence of adverse drug reac-
tions (ADR) in the form of clinically relevant non-major
bleeding (CRNMB). The International Society on Thrombo-
sis and Haemostasis (ISTH) bleeding criteria were used
in the study [18].

Genotyping

The material for DNA isolation was venous blood,
which was collected in 4 mL Vacuette vacuum tubes with
K3 EDTA anticoagulant. Genotyping for rs35599367 of the
CYP3A4 gene and rs776746 of the CYP3A5 gene was per-
formed using real-time polymerase chain reaction (PCR)
using a CFX96 Touch™ Real-Time PCR Detection System
DNA amplifier (Bio-Rad Laboratories, Inc., USA) at the
Research Institute of Molecular and Personalized Medi-
cine, Russian Medical Academy of Continuing Profes-
sional Education, Ministry of Health of Russia.

Determination of plasma rivaroxaban concentration

Venous blood was collected for determination of C_;,
of rivaroxaban on Day 7 of treatment with a fixed dose
of anticoagulant (at least after 5 half-lives) immediately
before the next dose of the drug. Determination of C_;,
of rivaroxaban in blood was performed by high-perfor-
mance liquid chromatography with mass spectrometric
detection. Samples were analyzed on Agilent 1200 lig-
uid chromatograph (USA; includes four-channel pump,
mobile phase degasser, chromatographic column ther-
mostat). Agilent Extend-C18 column (length 100 mm,

Tom22,Ne 4, 2024
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inner diameter 2.1 mm, grain size 3.5 ym) was used.
The separation was performed at a column temperature
of 40 °C. The mobile phase: solution “A” (50 mL of 0.1 M
ammonium acetate solution and 5 mL of formic acid di-
luted with deionized water to a total volume of 1 L) and
solution “B” (50 mL of 0.1 M ammonium acetate solution
and 5 mL of formic acid diluted with acetonitrile to a total
volume of 1 L). Chromatographic separation was carried
out in isocratic elution mode at the ratio of components
“A" and “B” of 70:30. The flow rate of the mobile phase
was 0.3 mL/min. The volume of the injected sample
was 10 pL. The analysis was carried out within 7 min.
Agilent Triple Quad LC/MS6410 mass spectrometer (triple
quadrupole type) with electrospray ionization in positive
ionization mode was used. Rivaroxaban spectra were
recorded in multiple molecular reaction mode. The ato-
mizer gas pressure was 35 psi. The volume rate of dry-
ing gas was 11 L/min, and the temperature was 350 °C.
The fragmentation voltage value was 135 V and the colli-
sion cell voltage was 25 V. Sample preparation was car-
ried out by precipitation of blood plasma proteins. Plasma
samples were thawed at room temperature. Then 100 uL
of plasma was transferred into plastic Eppendorf tubes;
250 pL of a methanol mixture with 0.1% hydrochloric acid
9:1 was added, mixed on a Vortex shaker, left for 10 min
and mixed again. After that, the obtained samples were
centrifuged at 10,000 rpm for 10 min. The supernatant
was transferred to chromatographic vials and placed on
the autosampler of the chromatograph.

Laboratory tests

Venous blood for coagulation tests was collected si-
multaneously with the collection of blood for determi-
nation of C, ., of rivaroxaban. Coagulation tests were
performed using automatic device ACL Elite Pro (In-
strumentation Laboratory, USA); complete blood count
analysis was performed using hematology analyzer Advia
2120i (Siemens, USA), biochemical blood analysis was
performed using integrated analyzer for biochemical, im-
munochemical and electrolyte analysis Siemens Dimen-
sion X and Plus (Siemens, USA), urinalysis was performed
using automatic urine analyzer Aution Max AX 4280
(ARKRAY Factory Inc., Russia). All studies were per-
formed in accordance with the manufacturer’s instruc-
tions.

Statistical analysis

Statistical analysis of the data was performed in
the program package Statistics v. 26. The frequency of
occurrence of the studied genotypes was checked for
compliance with the Hardy—Weinberg principle using
the online Hardy—Weinberg equilibrium calculator [19].
The sample was described by calculating the median
(Me) and interquartile range as 25" and 75" percentiles
[@;; @,] for non-normally distributed parameters, and by
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determining the mean value (M) with standard devia-
tion (SD) for normally distributed parameters. The normal-
ity of the distribution of the obtained parameters was as-
sessed using the Shapiro—-Wilk criteria. For non-normally
distributed parameters, the nonparametric Mann—Whitney
U-test was used. Differences were considered significant at
p < 0.05.

RESULTS

It was impossible to calculate the distribution of
CYP3A4 (rs35599367) gene genotypes for compli-
ance with the Hardy—Weinberg equilibrium due to the
absence of carriers of homozygous genotype (TT) of
CYP3A4 (rs35599367) in the studied group of patients.
The distribution of genotypes of CYP3A5 gene (rs776746)
did not deviate from the Hardy-Weinberg equilibrium
(Table 1).

Analysis of the effect of CYP3A4 gene polymorphism
(rs35599367) on pharmacokinetics of rivaroxaban in
the study group (in routine clinical practice)

In our study sample there were patients with wild
type CC genotype (96.1%) and patients with hetero-
zygous ST genotype (3.9%), and no patients carrying
homozygous mutated TT genotype of CYP3A4 gene
(rs35599367). Initially, the patients were comparable by

Vol. 22 (4) 2024
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sex, age, comorbidities and number of drugs used. There
were no significant differences in C;, ., of rivaroxaban,
Crin s/ D of rivaroxaban, PT and the number of ADRs in
the form of CRNMB in patients carrying the CC genotype
compared to patients carrying the ST genotype (p > 0.05;
Table 2).

Analysis of the effect of drugs with potential
drug-drug interactions on the pharmacokinetics of
rivaroxaban in patients with different variants of the
CYP3A4 gene (rs35599367)

As previously stated, there is a risk of potential drug-
drug interactions during co-administration of rivaroxaban
with a P-gp inhibitor, which may affect the pharmacoki-
netics of the P-gp substrate and thus have a clinical im-
pact on the patient. Supporting this statement, our previ-
ous analysis showed that co-administration of verapamil
(a potent P-gp inhibitor and moderate CYP3A4 inhibitor) in
combination with rivaroxaban, resulted in a higher C_;,
of rivaroxaban, and consequently, more frequent ADRs in
the form of CRNMB [18].

Therefore, we separately analyzed the pharma-
cokinetic profile of carriers of each of the CC and ST
genotypes of the CYP3A4 gene (rs35599367) depending
on concomitant therapy with calcium channel blockers
(CCBs), where co-administration of rivaroxaban (P-gp
substrate) with amlodipine (dihydropyridine CCB, DCCB;

Table 1. Distribution of rs35599367 (CYP3A4) and rs776746 (CYP3A5) genotypes
Ta6nuua 1. Pacnpepenenue reHotunos rs35599367 (CYP3A4) v rs776746 (CYP3A5)

Hardy—Weinberg equilibrium

Genotype Number of patients Frequency " p
rs35599367 (CYP3A4)
cc 123 0.961 . .
cT 5 0.039 j j
rs776746 (CYP3A5)

GG 110 0.859
AG 16 0.125 2.237 0.134
AA 2 0.016

*It is not possible to calculate the distribution of CYP3A4 (rs35599367) gene genotypes for compliance with Hardy—Weinberg equilibrium
*HeT BO3MOXHOCTM paccuuTaTh pacnpefeneHue reHoTunoB reHa CYP3A4 (rs35599367) Ha cooTBeTcTBME paBHOBecuto Xapan—BaliHbepra

Table 2. Effects of CYP3A4 (rs35599367) gene polymorphism on various parameters
Tabnuua 2. BausHue rs35599367 reHa CYP3A4 Ha pa3nuyHble napameTpbl

Parameter All patients Genotype »
(n=128) CC(n=123) CT(h=5)
Ciuin, s Of rivaroxaban, Me [Q;; Q,], ng/mL 52.3[28.5; 81.9]1 52.11[28.9; 86.6] 54.5[22.9; 65.6]  0.483
Crin, ss/D of rivaroxaban, Me [@;; @,], ng/mL xmg 3.411.9;5.1] 3.411.9;5.2] 3.6 [1.4; 4.4] 0.539
Prothrombin time, Me [Q;; Q,], sec 13.9 [12.6; 1471  14.0[12.6; 1491 12.8[11.9;13.91  0.157
Mild clinically significant bleeding, abs. (%) 23/128 (18) 22/123 (17.9) 1/5 (20) 0.904
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P-gp substrate) may lead to drug-drug interactions due
to competition of the substrates for binding sites on cell
membranes, and co-administration of rivaroxaban with
verapamil (non-DCCB; potent P-gp inhibitor and moder-
ate CYP3A4 inhibitor) may lead to drug-drug interactions
due to inhibition of the leading transport and metabolic
pathways of rivaroxaban. Patients were initially compa-
rable by sex, age, comorbidities and number of drugs
used.

When analyzing the pharmacokinetic profile of carri-
ers of the CC genotype of CYP3A4 gene (rs35599367), the
Coin. s evel of rivaroxaban was significantly higher in the
group of patients taking rivaroxaban + verapamil com-
pared to the group of patients taking rivaroxaban with-
out CCBs (73.8 [49; 113.5] vs. 40.5 [25.8; 75.4] ng/mL;
p =0.005), and compared to the group of patients ta-
king rivaroxaban without CCBs and rivaroxaban + amlo-
dipine (vs. 46.7 [28.3; 78.8] ng/mL, p = 0.013). Similar
results were obtained when analyzing the C_, /D of
rivaroxaban: in the group of patients taking rivaroxa-
ban + verapamil, the C;, /D level of rivaroxaban was
significantly higher compared to the group of patients
taking rivaroxaban without CCBs (4.7 [2.9; 7.7] vs. 2.5
[1.7; 4.2] ng/mLxmg, p = 0.004) and compared to the
group of patients taking rivaroxaban without CCBs and
rivaroxaban + amlodipine (vs. 3.0 [1.9; 4.6] ng/mL x mg,
p =0.010). The PT level in the group of patients taking
rivaroxaban + verapamil was higher than in the group
of patients taking rivaroxaban without CCBs (14.8 [13.3;
17.3] vs. 14.0 [12.6; 14.5] s, p = 0.014), higher than in the
group of patients taking rivaroxaban + amlodipine (13.3
[12.4; 14.6] sec, p = 0.009) and higher than in the group
of patients taking rivaroxaban without CCBs and rivar-
oxaban + amlodipine (13.7 [12.6; 14.6] sec, p = 0.005).
ADRs in the form of CRNMB were more frequent in pa-
tients taking rivaroxaban + verapamil than in the group
of patients taking rivaroxaban without CCBs (33.3% vs.
13.3%, p = 0.038), more frequent than in the group of pa-
tients taking rivaroxaban + amlodipine (12.5%, p = 0.027)
and more frequent than in the group of patients taking
rivaroxaban without CCBs and rivaroxaban + amlodipine
(12.9%, p = 0.011; Table 3).

Analysis of the pharmacokinetic profile of 5 carriers
of heterozygous ST type of CYP3A4 gene (rs35599367)
included 2 patients taking rivaroxaban without CCBs and
3 patients taking rivaroxaban in combination with amlo-
dipine, there were no carriers of ST genotype of CYP3A4
gene (rs35599367) taking rivaroxaban in combination
with verapamil in the sample. The analysis showed that
patients taking rivaroxaban in combination with amlodi-
pine had higher values of the studied parameters (C,;, .
of rivaroxaban, C;, /D of rivaroxaban, PT and ADRs as
CRNMB) compared to patients taking rivaroxaban without
CCBs, but these values did not reach statistical signifi-
cance (p > 0.05) (Table 3).
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Analysis of the effect of CYP3A5 gene polymorphism
(rs776746) on the pharmacokinetics of rivaroxaban in
the study group (in routine clinical practice)

In the study sample, wild type GG was found in 85.9%
(110/128) of patients, heterozygous type GA in 12.5%
(16/128), homozygous mutant type AA in 1.6% (2/128) of
patients. For further analysis, we combined heterozygous
and homozygous mutant type (GA + AA) carriers into one
group of patients 14.1% (18/128). Initially, patients were
comparable by sex, age, comorbidities and number of
drugs used. No significant differences in C;, . of rivar-
oxaban, C;, /D of rivaroxaban, PT, and number of ADRs
as CRNMB were observed in GG type carriers compared
to GA+AA type carriers (p > 0.05; Table 4).

Analysis of the effect of drugs with potential drug-
drug interactions on pharmacokinetics of rivaroxaban
in patients with different variants of CYP3A5 gene
(rs776746)

We separately analyzed the pharmacokinetic profile
of carriers of each of the GG and GA + AA genotypes
depending on concomitant CCBs therapy, where co-ad-
ministration of rivaroxaban (P-gp substrate) with amlo-
dipine (dihydropyridine CCB, DCCB; P-gp substrate) may
lead to drug-drug interactions due to competition of the
substrates for binding sites on cell membranes, and co-
administration of rivaroxaban with verapamil (non-DCCB;
strong P-gp inhibitor and moderate CYP3A4 inhibitor)
may lead to drug-drug interactions due to inhibition of the
leading transport and metabolic pathways of rivaroxaban.

When analyzing the pharmacokinetic profile of wild-
type (GG) CYP3A5 gene (rs776746) carriers, the C;,  le-
vels of rivaroxaban were significantly higher in the group
of patients taking rivaroxaban + verapamil compared to
the group of patients taking rivaroxaban without CCBs
(74.7 [50.6; 108.8] vs. 40.2 [25.7; 72.3] ng/mL; p = 0.003)
and the group of patients taking rivaroxaban + amlodi-
pine (vs. 49.2 [28.9; 68.8] ng/mL, p = 0.036). The level of
Crnin, <5 Of rivaroxaban was also significantly higher in the
group of patients taking rivaroxaban without CCBs and
rivaroxaban + amlodipine (vs. 45.6 [28.2; 68.8] ng/mL,
p = 0.005). Similar results were obtained when analyz-
ing the C;, /D of rivaroxaban: in the group of patients
taking rivaroxaban + verapamil, the C_;, /D level of ri-
varoxaban was significantly higher than in the group of
patients taking rivaroxaban without CCBs (4.6 [3.0; 7.3]
vs. 2.5 [1.7; 4.0] ng/mL xmg, p = 0.002) and the group
of patients who took rivaroxaban + amlodipine (3.3 [1.9;
4.6] ng/mLxmg, p = 0.032); C,;, /D of rivaroxaban was
significantly higher in the group of patients who took ri-
varoxaban without CCBs and rivaroxaban + amlodipine
(vs. 3.0 [1.9; 3.0] ng/mL xmg, p = 0.004). The PT level
in the group of patients taking rivaroxaban + verapamil
was significantly higher than in the group of patients tak-
ing rivaroxaban without CCBs (14.6 [13.4; 17.4] vs. 14.0
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Table 3. Effects of a drug with potential drug-drug interactions (depending on the CYP3A4 (rs35599367) gene polymorphism) on various
parameters

Tabnuua 3. BnuaHne nekapcTBEHHOTO CPe/ACTBA, C MOTEHLMANBHO BO3MOXHBIM MeXUIeKapCTBEHHbIM B3aMMOAEICTBMEM B 3aBUCMMOCTY
ot BapuaHTa reHa CYP3A4 (rs35599367), Ha pa3nnyHble napaMeTpbl

Parameter Rivaroxaban without Rivaroxaban Rivaroxaban
CcB and amlodipine and verapamil p
CC genotype (n = 123) of CYP3A4 gene (rs35599367)
Number of patients, abs. (%) 47/128 (36.7) 51/128 (39.8) 30/128 (23.5) -
p,=0.120
Crnin, s Of rivaroxaban, Me [@;; Q,], ng/mL 40.5[25.6; 73.3] 55.2[28.9; 91.3] 73.8 [49; 113.5] p, = 0.004
py = 0.079
. _ p,=0.110
Crin /0 of rivaroxaban, Me [0 G 2517, 4.0] 3.3[1.9; 5.0] 4L7029:771  p,=0003
g g py = 0.066
p, =079
Prothrombin time, Me [Q;; @,], sec 14.0 [12.6; 14.5] 13.3[12.4; 14.6] 14.8[13.3; 17.3] p,=0.014
py=0.009
Gy N . p, = 0.905
Mild clinically significant bleeding, 845 (13.3) 4/48 (12.5) 10/30 (33.3) Py = 0,038
abs. (%)
py=0.027
CT genotype (n = 5) of CYP3A4 gene (rs35599367)
Number of patients, abs. (%) 2/5 (40) 3/5 (60) 0/5 -
Ciin, s Of rivaroxaban, Me [Q;; Q,], ng/mL 39.9 [25.2; 39.9] 61.7 [20.6; 61.7] - p, = 0.800
Crin, ss/D of rivaroxaban, Me [@;; @,], ) ) B _
ng/mi/mg 2.71.7; 2.7] 411.0; 4.1] p, = 0.800
Prothrombin time, Me [Q;; Q,], sec 11.9 [11.4; 11.9] 13.4112.8; 13.4] - p, = 0.200
Mild clinically significant bleeding, - 1/3 (33.3) - p,=0.361

abs. (%)

Note. p,, differences between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in com-
bination with amlodipine; p,, differences between the group of patients taking rivaroxaban without CCB and the group of patients taking
rivaroxaban in combination with verapamil; p,, differences between the group of patients taking rivaroxaban in combination with amlodipine
and the group of patients taking rivaroxaban in combination with verapamil. CCB, calcium channel blockers.

[pumeydarue. p, — Pa3nnunsa Mexay rpynnoil naumMeHToB, NpUHMMalOLLMX puBapokcabaH 6e3 BKK w rpynnoii naumeHToB, npuHMMato-
LUMX pUBApOKCabaH B COYETAHMM C aMNOAUMMHOM; P, — Pa3NnuMs MeXAY rPynnon NauMeHToB, NPUMHUMAIOLLMX puBapoKcabaH 6e3 BKK
W rpyNnoii NaLMeHTOB, NPUHUMAIOLLMX pUBapOKCcabaH B COYETaHUM C BEPaNaMUNOM; Py — Pa3NNIMs MEKZY rPynnoii NaumeHToB, NPUHU-
MaloLLMX pUBapOKcabaH B COYETaHUM C aMIOAMMMHOM, U TPYNNOiA NaLMEHTOB, NPUHUMAIOLLMX PUBAPOKCabaH B COYETaHWM C BEpanaMuiIoM.
BKK — bnokaTopbl KanbLmeBbIX KaHasoB.

Table 4. Effects of CYP3A5 (rs776746) gene polymorphism on various parameters
Tabnuua 4. BnusHue reHotunos reHa CYP3A5 (rs776746) Ha pa3nnyHble napaMeTpbl

Parameter All patients benotype p
(n=128) GG (n=110) GA+AA (n=18)

Cri, 55 0f rivaroxaban, ng/ml. 52.3 [28.5; 81.9] 50.8 [29.2; 80.8] 74.0 [25.7; 106.8] p, = 0.497
Me (Q,; Q,]

Crin, /D of rivaroxaban, ) . . -
g, Me [0 0] 3.411.9;5.1] 3.8 [2.0; 5.0] L411.7;7.1] p, = 0.451
Prothrombin time, sec, Me [Q;; @,] 13.9 [12.6; 14.7] 14.9 [12.7; 14.8] 13.2 [12.4; 14.9] p, = 0.461
Mild clinically significant bleeding, 23/128 (18) 221110 (20) 1118 (5.6) p,=0.139

abs. (%)
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[12.6; 14.5] sec, p = 0.025) and in the group of patients
taking rivaroxaban + amlodipine (13.3 [12.4; 14.6] sec,
p =0.012). ADRs in the form of CRNMB were more fre-
quent in patients taking rivaroxaban + verapamil than in
the group of patients taking rivaroxaban without CCBs
(37% vs. 12.5%, p =0.018) and in the group of patients
taking rivaroxaban + amlodipine (16.3%, p = 0.049;
Table 5).

When we analyzed the pharmacokinetic profile of
patients carrying mutant types GA + AA of CYP3A5
gene (rs776746), the levels of C , . of rivaroxaban and
Coin s/D of rivaroxaban were significantly higher in pa-
tients taking rivaroxaban in combination with verapamil
compared to patients taking rivaroxaban without CCBs
(88.1 [5.5; 88.1] vs. 52.8 [25.0;77.2] ng/mL, p = 0.040,
and 5.7 [0.4; 5.7] vs. 3.5 [1.7; 5.2] ng/mL x mg, p = 0.030,
respectively). No significant differences were found for
the other parameters, p > 0.05 (Table 5).

DISCUSSION

Our data showed that in patients aged 80 years and
older with non-valvular AF there is pharmacokinetic vari-
ability of drug-drug interactions of rivaroxaban with P-gp
inhibitors depending on the variants of CYP3A4/A5 genes.
Thus, in carriers of the CC genotype of CYP3A4 gene
(rs35599367) co-administration of rivaroxaban with vera-
pamil resulted in higher values of rivaroxaban concentra-
tion in serum and ADRs in the form of CRNMB. There were
no carriers of the heterozygous ST genotype taking riva-
roxaban with verapamil in the sample; however, co-ad-
ministration of rivaroxaban with amlodipine to the hetero-
zygous ST genotype carriers resulted in higher values of
rivaroxaban serum concentration, PT and ADRs in the form
of CRNMB, but they were statistically insignificant. In pa-
tients carrying the wild-type GG genotype of CYP3A5 gene
(rs776746), co-administration of rivaroxaban with vera-
pamil resulted in higher values of rivaroxaban serum
concentrations, PT and ADRs as CRNMB, and in carri-
ers of the GA + AA mutant genotypes co-administration
of rivaroxaban with verapamil resulted in higher values
of rivaroxaban serum concentration compared to patients
taking rivaroxaban without BCC.

Notably, when analyzing the effect of CYP3A4 and
CYP3A5 gene polymorphism on rivaroxaban pharmaco-
kinetics and the development of ADRs for genotypes that
included the mutant allele, there were higher values of
rivaroxaban serum concentration and ADRs as CRNMB in
the ST type of CYP3A4 gene and higher values of rivar-
oxaban serum concentration in the GA + AA type carri-
ers of CYP3A5 gene. Although these values did not reach
statistical significance, this trend cannot be neglected.
This may have been due to the small sample of patients
in the groups for the studied mutant gene variants (5 vs.
123 for CYP3A4 and 18 vs. 110 for CYP3A5), so larger and
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more carefully designed controlled studies are needed to
obtain statistically significant differences.

Our results on the variability of the pharmacologic re-
sponse of rivaroxaban when co-administered with a P-gp
inhibitor are comparable to the study by Gouin-Thibault
et al. [6], where co-administration of rivaroxaban with
a P-gp/CYP3A4 inhibitor (clarithromycin) was shown to
increase AUC (area under the curve) of rivaroxaban by
94% (p < 0.0001) and its maximum concentration (C,, )
by 92% (p < 0.0001): geometric mean ratios were 1.94
(95% CI 1.42-2.63) and 1.92 (95% Cl 1.60-2.28) for AUC
and C,,, . respectively. Whereas the ABCB1 genotype
was not a significant determinant of individual variability
in rivaroxaban pharmacokinetics.

Similar results were obtained regarding the influ-
ence of CYP3A4 and CYP3A5 gene variants on the de-
velopment of ADRs with rivaroxaban administration by
Campos-Staffico et al. [7], who conducted a single-center
retrospective cohort study with 2,364 Caucasian outpa-
tients with non-valvular AF with rivaroxaban administra-
tion (mean age 68.3 + 13.6 years, 32% women). Although
the authors found no statistically significant differences
in the risk of bleeding during rivaroxaban treatment
between CYP3A4 (rs35599367) [AA vs. AG vs. GG, rela-
tive risk (RR) 0.876 (95% CI 0.691-1.110, p > 0.05] and
CYP3A5 [GG vs. GA vs. AA, RR0.960 (95% CI 0.685-1.347),
p > 0.05] genotypes. In the exploratory analysis, there
was a trend for an association between carriers of the
G allele of CYP3A5 gene and a reduced risk of bleed-
ing on oral anticoagulants (p < 0.05), which may indi-
rectly confirm the contribution of the mutant A allele of
CYP3A5 gene to the development of bleeding. The authors
suggested that to obtain more accurate and meaningful
results, future pharmacogenetic studies should be per-
formed in African patients, in whom the A allele is much
more common (greater than 70%).

However, as already mentioned, data on the effect
of gene polymorphisms on rivaroxaban pharmacokinetics
are conflicting. For example, in the previous study, we
have already analyzed the effect of gene polymorphism
of CYP3A4 (rs35599367), CYP3A5 (rs776746) and ABCB1
(rs1045642 and rs4148738) on rivaroxaban pharmacoki-
netics and prothrombin time dynamics in patients after
endoprosthesis of large joints of the lower extremities
(hip or knee) taking rivaroxaban at a dose of 10 mg per
day (78 patients, mean age 59 + 11 years) [8]. As a result
of the study, patients with mutant genotypes of the studied
SNP did not show the expected increase in the peak equi-
librium concentration of rivaroxaban. The results of com-
parison of C . ., of rivaroxaban between wild-type and
mutant genotypes were not statistically significant. There
were no statistically significant differences in the C,
of rivaroxaban between the wild-type haplotypes [ABCB1
rs1045642 (CC) — CYP3A4 rs35599367 (CC) and ABCB1
rs4148738 (CC) — CYP3A4 rs35599367 (CC)] and mutant
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Table 5. Effects of drugs with potential drug-drug interactions (depending on the CYP3A5 (rs776746) gene polymorphism) on various parameters

Ta6bnuua 5. BnusiHve nekapcTBEHHbIX CPeACTB C NOTEHLMANbHO BO3MOXHBIM MeXJ/IEKapCTBEHHBIM B3aMMOEACTBUEM B 3aBUCMMOCTY OT
BapuaHToB reHa CYP3A5 (rs776746)

Parameter Rivaroxaban Rivaroxaban Rivaroxaban
without CCB and amlodipine | and verapamil p
GG genotype (n = 110) of CYP3A5 gene (rs776746)

Number of patients, abs. (%) 40/110 (36.4) 43/110 (39.1) 27/110 (24.5) -
w1506 P 0210
C,in s Of rivaroxaban, ng/mL, Me [@;; Q,] 40.2 [25.7;72.3]1 49.2[28.9; 68.8] : o p, = 0.003

min, 58 108.8] _
p, =0.036
p,=0.176
Conin, ss/D of rivaroxaban, ng/mLxmg, Me [@;; @] 2.5[1.7; 4.0] 3.3[1.9; 4.6] 4.61[3.0;7.31  p,=0.002
py=0.032
p, = 0.841
Prothrombin time, sec, Me [Q;; Q,] 14.0 [12.6; 14.5]  13.3[12.4;14.6] 14.6[12.8;15.2] p,=0.025
py =0.012
p, =0.625
Mild clinically significant bleeding, abs. (%) 5/40 (12.5) 7/43 (16.3) 10/27 (37) p,=0.018
py = 0.049
GA + AA genotype (n = 18) of CYP3A5 gene (rs776746)

Number of patients, abs. (%) 7/18 (39) 8/18 (44) 3/18 (17) -
p, = 0.281
Conin, 55 Of rivaroxaban, ng/mL, Me [Q;; Q,] 52.8125.0;77.2] 72.8(38.2;98.9] 88.1[55;88.1 p,=0.04
p; =079
p, =0.336
Conin, ss /D of rivaroxaban, ng/mL xmg, Me [@;; @] 3.5(1.7;5.2] 4.912.3; 6.3] 57004571  p,=0.03
py=0.066
p, = 0.536
Prothrombin time, sec, Me [Q;; @,] 13.2[12.4; 14.4)  13.3[12.2;15.7] 16.0[12.2;16.0] p,=0.517
py=0.376
. . N . _ _ p; = 0.268
Mild clinically significant bleeding, abs. (%) 1/7 (14.3) b, = 0.490

Note: p,, differences between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in com-
bination with amlodipine; p,, differences between the group of patients taking rivaroxaban without CCB and the group of patients taking
rivaroxaban in combination with verapamil; p,, differences between the group of patients taking rivaroxaban in combination with amlodipine
and the group of patients taking rivaroxaban in combination with verapamil. CCB, calcium channel blockers.

[Mpumeyarue: p, — Pa3nuyua Mexcay rpynnoii NaumMeHTos, NpuHMMatoLmx pusapokcabaH 6es bBKK v rpynnoi nauvenTos, npunHumaio-
LUMX pUBapoKcabaH B COYETaHWUM C aMIOAUNUHOM; P, — PasfMuns MeXAY rpynnoii NaLMeHToB, NpUHUMatoLLMX puBapoKcabaH bes BKK,
W rpynnoii NaumeHToB, MPUHMMAIOLLMX PUBAPOKCabaH B COUeTaHWM C BepanaMunioM; p; — Pasinuums Mexay rpynnoi NauneHToB, NpuHM-
MaloLLMX pUBapOKCabaH B COYETaHUM C aMMIOAMMMHOM, U TPYNNOiA NaLMeHTOB, NPUHUMAIOLLMX PUBApOKCabaH B COYETaHWM C BepanaMuioM.
BKK — bnokaTopbl KanbLymeBbIX KaHasoB.
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haplotypes [ABCBT rs1045642 (CT) — ABCBT rs1045642
(TT) — CYP3A4 rs35599367 (CT) and ABCB1 rs4148738
(CT) — ABCBT rs4148738 (TT) — CYP3A4 rs35599367
(CT)]. However, a statistically significant mean correla-
tion was found between prothrombin time and C_,, . of
rivaroxaban (r = 0.421; r, = 0.178; p < 0.001).

In another study, where we analyzed the data of
86 patients with AF taking rivaroxaban (mean age
67.24 + 1.01, 51% women), we also found no statistically
significant differences in C;,  of rivaroxaban between
the CC and ST genotypes of CYP3A4 gene (rs35599367)
(57.6 vs. 96.35 ng/mL, p = 0.108) carriers, in this sample
only one patient had the TT genotype. Also, there were no
statistically significant differences with respect to C;,
of rivaroxaban between the GG and AG genotypes of
CYP3A5 gene (rs776746) carries (58.6 vs. 117.35 ng/L,
p = 0.272), only one patient had the AA genotype [9].

Similar results were obtained in our study, where
we analyzed patients with non-valvular AF and con-
comitant stage Ill and IV CKD taking rivaroxaban (Me age
82 [74; 86] years, 71.3% women, duration of follow-up
16 weeks) [10]. We divided 122 patients into 3 groups:
slow metabolizers [CYP3A5*3 (GG) + CYP3A4*22 (CT)I;
intermediate metabolizers [CYP3A5*3 (GG) + CYP3A4*22
(CC) and CYP3A5*3 (GA) + CYP3A4*22 (CT)]; and nor-
mal metabolizers [CYP3A5*3 (GA) + CYP3A4*22 (CC)].
The results showed no statistically significant differences
in Cin, 55 (62.8 [17.6; 176.2] vs. 51.7 [21.05; 91.75] vs. 46.1
[32.7; 132.7] ng/mL, p > 0.05), C,;, /D of rivaroxaban
(4.2 [1.08; 8.80] vs. 2.8 [1.29; 5.27] vs. 3.0 [1.67; 8.45]
ng/mL xmg, p > 0.05), and bleeding episode rates 55
(57.1%) vs. 37 (38.1%) vs. 9 (52.9%) events (p > 0.05)
between the groups.

No association between the genotypes of CYP3A4/A5
genes and pharmacokinetics of rivaroxaban, as well as
the development of bleeding was found in studies by oth-
er authors. Thus, Nakagawa et al. [11] studied the effect
of SNP CYP3A5*3 on C,,, ., /D of rivaroxaban in plasma of
86 Japanese patients, mean age 62.4 + 10.6 (31to 82 years)
with non-valvular AF who underwent catheter ablation.
The results showed that the median (quartile range)
Cin. 55 /0 of rivaroxaban was 3.39 (2.08-5.21) ng/mL x mg
(coefficient of variation: 80.5%), which was not signifi-
cantly different between CYP3A5*3 genotypes (AA 4.77
[3.83; 7.36] vs. AG 3.58 [2.21; 5.13] vs. GG 2.99 [1.94;
5.34] ng/mL xmg, p > 0.05). In the study by Wu et al. [12]
they analyzed 95 patients with non-valvular AF taking
rivaroxaban (mean age 65.8 + 12.5 years, 41% women).
The results revealed no statistically significant dif-
ferences in C,;, /D of rivaroxaban between CYP3A4
(rs2242480) genotype variants (CC0.96 [0.42; 1.98] vs.
CT 0.71 [0.29; 1.60] vs. TT 1.10 [0.63; 2.19] ng/mL x mg,
p > 0.05), CYP3A4 (rsh646437) (GG 0.81 [0.40; 1.55] vs.
GA 0.81[0.26; 1.71] vs. AA 1.10 [1.03; 1.25] ng/mL x mg,
p > 0.05) and CYP3A5 (rs776746) genotypes (TT 1.10
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[0.63; 2.19] vs. TC1.01 [0.50; 1.73] vs. CC0.66 [0.36; 1.51]
ng/mL xmg, p > 0.05). Also, there were no significant
differences in the incidence of bleeding events between
CYP3A4 (rs2242480) (6 vs. 9 vs. 1 event, respectively,
p > 0.05), CYP3A4 (rs4646437) (11 vs. 4 vs. 1 event, re-
spectively, p > 0.05), and CYP3A5 (rs776746) genotypes
(1 vs. 8 vs. 6 events, respectively, p > 0.05).

Since all the mentioned studies had different design,
indications for rivaroxaban use, age and nationality com-
position of the sample, and different endpoints, the re-
lationship between genetic variants and pharmacokinetic
parameters and the development of bleeding should be
further investigated and confirmed in a larger sample
size.

CONCLUSION

Our data showed that in routine clinical practice in
patients with non-valvular AF aged 80 years and old-
er, carriers of the wild homozygous CC genotype of
CYP3A4 gene (rs35599367) and GG genotype of CYP3A5
gene (rs776746) have high pharmacokinetic sensitivity
to verapamil administration (potent P-gp inhibitor and
moderate CYP3A4 inhibitor). Carriers of the ST mutant
genotype of CYP3A4 gene (rs35599367) were showed to
have high pharmacokinetic sensitivity to amlodipine ad-
ministration (possible drug-drug interaction due to sub-
strate competition for binding sites on cell membranes).
This knowledge may be useful for the development of
a personalized approach to the management of elderly
patients, in whom polymorbidity carries a high risk of
polypharmacy, which can lead to drug-drug interactions
and severe ADRs.
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