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Abstract

Background The influence of genetic factors on the pharmacokinetics and clinical outcomes of rivaroxaban in
patients with non-valvular atrial fibrillation (NVAF) is poorly understood. This study aimed to explore the effects of
CYP3A4/5, ABCB1, and ABCG2 gene polymorphisms on the trough concentrations and the bleeding risk of rivaroxaban
in NVAF patients.

Patients and methods This study is a prospective multicenter study. The patient’s blood samples were collected to
detect the steady-state trough concentrations of rivaroxaban and gene polymorphisms. We visited the patients regu-
larly at month 1, 3, 6, and 12 to record bleeding events and medications.

Results A total of 95 patients were enrolled in this study, and 9 gene loci were detected. For the dose-adjusted
trough concentration ratio (Cy, /D) of rivaroxaban, the homozygous mutant type was significantly lower than wild
type at ABCBT rs4148738 locus (TT vs. CC, P=0.033), and the mutant type was significantly lower than the wild type

at ABCBI rs4728709 locus (AA+ GA vs. GG, P=0.008). ABCBT (rs1045642, rs1128503), CYP3A4 (rs2242480, rs4646437),
CYP3A5 (rs776746), and ABCG2 (rs2231137,152231142) gene polymorphisms had no significant effect on the Cmugh/D
of rivaroxaban. For the bleeding events, we found that there were no significant differences among genotypes of all
gene loci.

Conclusion This study found for the first time that ABCBT rs4148738 and rs4728709 gene polymorphisms had a
significant impact on the Cy;q,4/D of rivaroxaban in NVAF patients. CYP3A4/5, ABCB1, and ABCG2 gene polymorphisms
were not associated with the bleeding risk of rivaroxaban.
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Introduction

Compared with warfarin, direct oral anticoagulants
(DOAC:s) have many advantages, including rapid onset
of action, no food interaction, less drug interaction, pre-
dictable pharmacokinetics and pharmacodynamics, etc
[1] . DOACs have gradually been widely used in clinical
practice, especially the use rate of rivaroxaban, which
rose from 0.13% to 13.87% from 2011 to 2014 [2]. Non-
valvular atrial fibrillation (NVAF) is one of the most com-
mon arrhythmias, which can increase the risk of ischemic
stroke by about five times [3]. Oral anticoagulation ther-
apy is an effective means to prevent thromboembolism in
patients with NVAF. Studies have shown that the safety
and effectiveness of rivaroxaban in patients with NVAF
are as good as warfarin [4]. Although rivaroxaban does
not require routine testing, it has been found that there
are large inter-individual differences in patients with
NVAEF [5, 6].

Rivaroxaban is eliminated by dual hepatic and renal
channels, and approximately two-thirds of rivaroxaban
is metabolized by hepatic cytochrome P450 (CYP450)
to inactive metabolites, mainly by CYP3A4/5 (approxi-
mately 18%) and CYP2J2 (approximately 14%) [7, 8].
Rivaroxaban is not only a substrate for CYP3A4/5 and
CYP2J2, but also a substrate for P-glycoprotein (P-gp)
and breast cancer resistance protein (BCRP) efflux trans-
porters, which are abundant in epithelial cells of organs
such as liver, intestine and kidney and may affect the PK
process of the drug [9, 10]. CYP3A4/5, CYP2J2, P-gp and
BCRP play important roles in the transport and metab-
olism of rivaroxaban. While the ATP-binding cassette
subfamily B member 1(ABCBI) gene encodes P-gp, the
ATP-binding cassette superfamily G member 2 (ABCG2)
gene encodes BRCP [9, 11]. Therefore genetic polymor-
phisms in CYP3A44/5, CYP2J2, ABCBI1 and ABCG2 may
affect their functions and alter the pharmacokinetics of
rivaroxaban, thus having an impact on the safety and effi-
cacy of the drug.

Interindividual genetic variations in drug-metabolizing
enzymes and transporters influence the pharmacokinet-
ics and pharmacodynamics of various drugs [12]. Stud-
ies have shown that the inter-individual differences of
rivaroxaban may be related to the gene polymorphisms
of related metabolic enzymes and transporters [13].
At present, there are limited studies of gene polymor-
phisms about rivaroxaban, and the results are contradic-
tory. Therefore, it is necessary to explore the influence of
genetic factors on the pharmacokinetics of rivaroxaban
further. Previous studies mostly analyzed the relation-
ship between the plasma concentrations and gene poly-
morphisms [14-16] or investigated the impact of single
gene polymorphism on trough concentration and bleed-
ing events [17]. Therefore, the purpose of this study is
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to explore the effects of multiple gene polymorphisms
(CYP3A4/5, ABCB1, and ABCG2) on the plasma concen-
trations of rivaroxaban and bleeding events, which may
provide references for rational clinical use of rivaroxaban
and further exploration of the influence of genes on the
pharmacokinetics and clinical outcomes of rivaroxaban.

Methods

Study design and participants

This is a prospective multicenter study. It was carried out
from September 2018 to September 2020. Inclusion cri-
teria: more than 18 years old; diagnosed as NVAF; receiv-
ing rivaroxaban anticoagulant therapy. Exclusion criteria:
combined with CYP3A4 or P-gp inducers or inhibitors
(dronedarone, verapamil, quinidine, ticagrelor, clarithro-
mycin, erythromycin, HIV protease inhibitors, azole anti-
fungal drugs, rifampicin, carbamazepine, phenobarbital,
valproic acid, and phenytoin) [5], severe liver impairment
(Child—Pugh B/C and liver cirrhosis) or renal dysfunc-
tion (estimated glomerular filtration rate [eGFR] <30 ml/
(min*1.73 m? comorbidities with significant risk for
bleeding such as peptic ulcer and thrombocytopenia, or
clinically active bleeding; unable to fulfill the follow-up
visits. Informed consent was obtained from all individual
participants included in the study. The studies involv-
ing human participants were reviewed and approved
by Fujian Medical University Union Hospital Ethics
Committee.

The patients took rivaroxaban (10/15/20 mg once daily)
for at least one week. And then, peripheral venous blood
was collected within 30 min before administration in the
morning to detect the steady-state trough plasma con-
centrations and gene polymorphisms. We visited the
patients at months 1, 3, 6, and 12 and recorded the medi-
cations, bleeding events, etc.

Determination of plasma concentrations

We used the validated high-performance liquid chro-
matography/tandem mass (HPLC-MS/MS) method to
detect the plasma concentrations of rivaroxaban [18].
This method used rivaroxaban-d4 as the internal stand-
ard, and the blood samples were processed by the pro-
tein precipitation method. The running time was 6 min.
The linear range of the calibration curve was 2—-500 ng/
mlL, and the calibration curve showed good linearity with
R=0.9998. The method was fast, accurate, and sensitive.

Determination of gene polymorphisms

This study investigated the gene polymorphisms at the
following gene loci: ABCBI (rs1045642, rs1128503,
rs4148738, and rs4728709), CYP3A4 (rs2242480
and rs4646437), CYP3A5 (rs776746), and ABCG2
(rs2231137 and rs2231142), a total of 9 gene loci. Gene
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polymorphisms were detected by Massarray SNP typing
technology, completed by BGI Tech Solutions (Beijing
Liuhe) co., Limited.

Statistical analysis
The chi-square test evaluated whether the allele fre-
quencies distribution of genes conformed to the Hardy—
Weinberg equilibrium. Kruskal-Wallis test was used to
compare continuous variables. Categorical variables were
compared using the Chi-square or Fisher’s Exact tests.
Results with P<0.05 were considered statistically signifi-
cant. Statistical analysis was performed using SPSS 26.0.
One study reported that rivaroxaban clearance
decreased with increasing renal impairment, leading to
increased plasma exposure and increased pharmacody-
namic effects [19]. Meanwhile, in the PPK study of rivar-
oxaban in NVAF patients, creatinine clearance, age and
body weight were found to have a significant effect on the
PK of rivaroxaban [6]. Amiodarone is a commonly used
combination drug for the treatment of patients with atrial
fibrillation and is a moderate CYP3A4 inhibitor and P-gp
inhibitor [20]. Amiodarone has a minor effect on rivar-
oxaban blood levels [5]. However, A study also found an
increased risk of bleeding in patients taking rivaroxaban
in combination with amiodarone than without amiodar-
one [21]. The tools commonly used in clinical practice
to assess the risk of bleeding and thrombosis in patients
with non-valvular atrial fibrillation are the HAS-BLED
and CHA2DS2-VASc score, respectively. To avoid the
influence of patients’ own bleeding and thrombotic risks
on the results of this study, they were included as con-
founding factors. In summary, to exclude the influence
of the above confounding factors on the plasma concen-
trations of rivaroxaban, we analyzed whether there were
differences in the ratio of amiodarone, age, weight, cre-
atinine clearance (CrCl), CHA2DS2-VASc scores, and
HAS-BLED scores among genotypes.

Results

We enrolled a total of 95 patients, including 56 males and
39 females, with an average age of 66 years. The patients
mainly received rivaroxaban 15 mg once daily. The
patient’s baseline characteristics are shown in Table 1.
The allele frequencies distribution of all genes conformed
to the Hardy—Weinberg equilibrium (Table 2).

Impact of gene polymorphisms on plasma concentrations

A total of 9 single nucleotide polymorphisms (SNPs)
were investigated in this study, including ABCBI (4
SNPs), CYP3A4/5 (3 SNPs), and ABCG2 (2 SNPs). The
results showed that ABCBI SNP rs4148738 (P=0.039)
and SNP rs4728709 (P=0.029) had a significant effect
on the C, /D of rivaroxaban (Table 3). For ABCBI

troug
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Table 1 Baseline characteristics of the patients

Variables Characteristics
of patients (95)
Age (years) 658+125
Female, n (%) 39 (41.0)
Body weight (kg) 67.8+122
CrCl (mL/min) 7734234
Dose, n (%)
10 mg qd 21 (22.1)
15 mg qd 71(74.7)
20mgqd 3(3.2)

CrCl creatinine clearance, gd once daily

rs4148738, the results of multiple comparisons showed
that the homozygous mutant type was associated with a
significantly lower C, /D than wild type (TT vs. CC,
P=0.033), while the C,/D between the heterozy-
gous mutant type and homozygous mutant type or wild
type did not show a significant difference (CT vs. TT,
P=0.611; CT vs. CC, P=0.242) (Table 4). For ABCBI
rs4728709, the results of multiple comparisons showed
that the homozygous mutant type had a significantly
lower Ciugn/D than wild type (GA vs. GG, P=0.032),
while the Cy,,,,,/D between the homozygous mutant type
and wild type or heterozygous mutant type was similar
(AA vs. GG, P=1.00; AA vs. GA, P=1.00) (Table 4). We
tried to compare the mutant type (AA+GA) with wild
type (GQ), and the results showed that the mutant type
had a significantly lower C,.,/D of rivaroxaban than
wild type (P=0.008). The study did not find that ABCBI
(rs1045642 and rs1128503), CYP3A4 (rs2242480 and
1s4646437), CYP3AS (rs776746), and ABCG2 (rs2231137
and rs2231142) gene polymorphisms had a significant
effect on the C,;,;,/D of rivaroxaban.

Impact of gene polymorphisms on bleeding events

A total of 16 bleeding events were found in this study,
including 9 gingival bleedings, 3 conjunctiva hemor-
rhages, 3 hematurias, and 1 epistaxis. The study found
no significant differences in the incidences of bleeding
events among genotypes of all SNPs (Table 5).

To exclude the influence of other confounding factors
on the plasma concentrations of rivaroxaban, this study
also analyzed and compared the ratio of amiodarone, age,
weight, CrCl, CHA2DS2-VASc scores, and HAS-BLED
scores among genotypes for all gene loci. The results
showed that the above confounding factors were almost
similar among genotypes, except for the significant dif-
ference in the ratio of amiodarone for ABCG2 rs2231137
(Table 6).
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Table 2 Distribution of genotypes and allele frequencies

Page 4 of 8

Gene SNP Genotype n (%) Allele n (%) Hardy-Weinberg
equilibrium, p value
ABCB1 151045642 AA 5(15.8) A 80 (42.1) 0438
AG 50(52.6) G 110(57.9)
GG (31 6)
1128503 AA 5(36.8) A 120 (63.2) 0.202
AG 0(52.6) G 70 (36.8)
GG 0(10.5)
rs4148738 CcC 5(15.8) C 81(42.6) 0.342
cT 51(53.7) T 109 (57.4)
T 29 (30.5)
154728709 GG 66 (72.5) G 155(85.2) 0.998
GA 23(25.3) A 27 (14.8)
AA 2(22)
CYP3A4 152242480 CcC 39 (42.8) @ 123 (67.6) 0.220
cT 45 (49.4) 59(324)
T 7(7.7)
rs4646437 GG 60 (65.9) G 148 (813) 0.903
AG 28(30.8) A 34(187)
AA 3(33)
CYP3AS 15776746 T 7(8.0) T 54(30.7) 0.520
TC 40 (45.4) C 122 (69.3)
CcC 41 (46.6)
ABCG2 rs2231137 CcC 42 (46.2) C 125 (68.7) 0.652
TC 41 (45.0) T 57(31.3)
T 8(8.8)
152231142 GG 45 (49.4) 127 (69.8) 0.732
GT 37 (40.6) T 55(30.2)
T 9(9.9)
Discussion the peak steady-state rivaroxaban concentration between

This is the first study to comprehensively evaluate the
effects of multiple gene polymorphisms on the steady-
state trough concentration of rivaroxaban and bleed-
ing events in patients with NVAE. This study found that
ABCBI rs4148738 and rs4728709 gene polymorphisms
were associated with the Cy,,,,/D of rivaroxaban for the
first time, which may provide a reference for the explo-
ration of the influence of genetic factors on the pharma-
cokinetics of rivaroxaban.

At present, there are limited studies on the rela-
tionship between CYP450 gene polymorphisms and
rivaroxaban. Sychev et al. [22] reported a significant cor-
relation between CYP3A activity and rivaroxaban peak
and trough levels in patients with deep vein thrombosis.
In contrast, no significant correlation between CYP3A
activity and treatment parameters was found. Naka-
gawa et al. [14] found the C,,/D of rivaroxaban did
not differ significantly among CYP3A5*3 rs776746 and
CYP2j2*7 rs890293 genotypes. Another study reported

the heterozygous mutant type and wild-type for CYP3A4
rs35599367 and CYP3AS rs776746 did not show a sta-
tistically significant difference in patients undergoing
total hip and knee replacement surgery [8]. Our study
also did not find that CYP3A4 (rs2242480, rs4646437)
and CYP3AS (rs776746) gene polymorphisms had a sig-
nificant effect on the C,g,/D of rivaroxaban. As far as
we know, this is the first study to report the correlation
between CYP450 gene polymorphisms and bleeding
events of rivaroxaban, but our study found no signifi-
cant correlation. Although no significant CYP450 gene
locus for rivaroxaban has been found so far, CYP450 is
an important metabolic enzyme of rivaroxaban, and the
related studies are limited at present. Its gene polymor-
phism needs to be further studied.

The results of previously published studies on the
relationship between gene polymorphisms and rivar-
oxaban are inconsistent. A case report showed that
the ABCBI1 gene mutation (rs1045642 and rs2032582)
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Table 3 Comparison of the rivaroxaban Ciq /D among
genotypes

SNP Genotype Cirough/D P
ABCBI rs1045642 (A>G) AA 1.34(0.66,3.25) 0.072
AG 0.89(0.37,1.88)
GG 0.71(0.34,1.11)
ABCB1 151128503 (A>G) AA 0.92(051,2.17) 0.082
AG 0.97 (0.39,1.70)
GG 0.39(0.21,1.00)
ABCB1 154148738 (C>T) CC 1.22(0.66,3.47) 0.039*
cT 0.88 (0.38,1.84)
T 0.66 (0.31,1.20)
ABCB1 154728709 (G> A) GG 1.06 (0.50,1.81) 0.008*
GA 0.40(0.30,0.88)
AA
CYP3A4 rs2242480(C>T) CC 0.96 (0.42,1.98) 0.505
cT 0.71(0.29,1.60)
T 0(0.63,2.19)
CYP3A4154646437(G > A) GG 0.81(0.40,1.55) 0.591
GA 0.81(0.26,1.71)
AA 0(1.03-)
CYP3A515776746(T>C) T 0(0.63,2.19) 0395
TC 01(0.50,1.73)
CC 0.66 (0.36,1.51)
ABCG21s2231137(C>T) CC 0.78 (0.35,1.55) 0419
cT (O 40,2 OO)
T 0.66 (0.21,1.33)
ABCG2 rs2231142(G>T) GG 092 (O 36,1.55) 0976
GT 0.88(043,1.78)
T 0.83(034,2 26)

“The mark means that there is a statistical difference

Table 4 Pair comparison of Cthrough/D between ABCBI
rs4148738(C>T) and ABCB1 rs4728709 (G> A) genotypes

SNP Genotype Adjusted P value?
ABCB1 rs4148738 (C>T) CC-CT 0.242

CCTT 0.033*

TT-CT 0611
ABCB1 14728709 (G> A) AA-GG 1.000

AA-GA 1.000

GA-GG 0.032*

2 Bonferroni correction has adjusted P values for multiple tests

*The mark means that there is a statistical difference

might lead to the prolonged half-life of rivaroxa-
ban, which was related to the bleeding in an elderly
patient with atrial fibrillation [23]. But some vivo and
vitro studies (cell experiments, healthy Caucasians,
patients undergoing total hip and knee replacement
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Table 5 Comparison of bleeding events among genotypes

SNP Genotype Bleeding No-bleeding P
ABCBI1 AA 1 14 0.609
151045642 (A>G) A 10 20

GG 5 25
ABCBI1 AA 4 31 0484
11128503 (A>C) G 11 39

GG 1 9
ABCBI1 CcC 3 12 1.000
rs4148738 (C>T)? T 9 4

T 4 25
ABCB1 GG 13 53 0.581
14728709 (G>AF ¢ 3 20

AA 0 2
CYP3A4 CcC 6 33 0.822
1s2242480(C>T) (7 9 36

T 1 6
CYP3A4 GG 11 49 0.793
rs4646437(G>AP ¢ 4 24

AA 1
CYP3AS T 1 0.827
15776746 TC 3 32
(T>0)

CcC 6 35
ABCG2 CcC 6 36 0.244
12231137(C>T) 7 7 34

T 3 5
ABCG2 GG 8 37 0.852
r2231142G>T) 1 6 30

T 2 7

@ Because it does not meet the requirements of the R*C chi-square test, the
homozygous mutations and heterozygous mutations were combined for
analysis

surgery, and NVAF patients) reported no significant
correlation between the ABCBI (rs1128503, rs1045642,
rs2032582, and rs4148738) gene polymorphisms and
inter-individual pharmacokinetic variability of rivar-
oxaban was found [8, 15, 16, 24, 25]. Our study inves-
tigated four ABCBI1 SNPs, and the results showed that
ABCBI SNP rs4148738 and SNP rs4728709 had a sig-
nificant effect on the Cy,g,/D of rivaroxaban. However,
ABCBI SNP rs1045642 and SNP rs1128503 had no sig-
nificant effect on the C /D of rivaroxaban. As far as
we know, only two studies have explored the relation-
ship between gene polymorphisms and the bleeding
risk of rivaroxaban. Wang et al. reported no signifi-
cant correlation between ABCBI gene variation loci
rs1045642, rs1128503, rs4148738 and bleeding events
in patients with atrial fibrillation [17]. In a real-world
study in 2021, ABCBI gene polymorphisms (rs1045642,
rs1128503, rs2032582) were not associated with the
bleeding risk rivaroxaban [26]. Our analysis also did
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Table 6 Comparison of confounding factors among genotypes
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Table 6 (continued)

Wild type Heterozygotes Homozygotes P

Wild type Heterozygotes Homozygotes P

mutanttype  mutant type mutanttype  mutant type

ABCB1 15 50 30 CHA2DS2- 25421 24+18 20+10 0.908
rs1045642 (A> Q) VASc

Age 659+132 668+11.3 64.1+14.2 0.641 HAS-BLED 14+1.1 1511 14+0 0.699

Weight 654+15.1 67.1+109 704+129 0.369 CYP3AS 7 40 41

Amiodarone 3 (20%) 12 (24%) 6 (20%) 0943 EST7>7?:§46

CrCl 7554251 736+236 8544206 0.120 Age 6714122 6534139 668+ 114 0848

CNbaDsa 27220 26£20 2218 0555 Weight 644+113 708+136 664+103 0182

HAS-BLED 16410 15411 12410 0342 Amiodarone 1(143%) 7(17.5%) 12 (29.3%) 0.502
ABCBI 35 50 10 CrCl 73.6+148 778+20.2 771 +257 0.908
151128503 (A>G) CHA2DS2- 20413  23+18 28422 0352

Age 6664139 6504114 6734137 0773 VASC

Weight 6544128 7044117 6214104 0063 HASBLED — 13£11  14x11 14£10 0.932

Amiodarone  9(257%) 9 (18.0%) 3(30%) o515 ABCCZ — 42 41 8

CrCl 7594244 78.0+24.1 785+164 0914 Age 6594128 6554125 6554139 0990

e ax2z 23kl 2o%19 0517 Weight 680+114 689+134 67.9+86 0940

HASBLED ~ 15+1.1  14%10 14411 0983 Amiodarone 15 (35.7%) - 4(9.8%) 2(25.0%) 0012
ABCBI 15 51 29 Crcl 7784210 7674252 8944220 0459
154148738 (C>T) CHA2DS2- 20+19 28420 28+17 0.176

Age 6734135 6674120 6354129 0479 VASC

Weight 6514145 6724118 703+117 0382 HASBLED — 13£12  15£10 1407 0.750

Amiodarone  1(67%) 15 (29.4%) 5(17.2%) on47  ANET o) 45 37 0

CrCl 7134254 7424232 86.7+20.3 0.052 Age 6654131 6404116 6844148 0534

Sﬁﬁstz' 31220 25420 2519 0349 Weight 669115 7024132 680295 0486

HAS-BLED 17412 15410 11410 0.155 Amiodarone 8(17.8%) 10(27.0%) 3(33.3%) 0411
ABCBI 66 23 P CrCl 7924218 783+256 726+173 0.763
154728709 (G> A) CHA2DS2- 26+20 23+19 24+19 0.726

Age 6564132 6534115 660+£114 0988 VASC

Weight 6814125 7034109 575435 0344 HASBLED — 14£09  14+12 1611 0876

Amiodarone 17 (25.8%) 3 (13.0%) 1 (50%) 0324 *The mark means that there is a statistical difference

CrCl 7624235 8484214 65.8+10.5 0.253

S;'SASDSZ' 27£21 18x16 25£07 0157 not find that the ABCBI gene polymorphisms signifi-

HAS-BLED 15411 10409 540 0096 cantl.y impacted the bleeding events of rivaroxaban.
Cvp3AL 39 45 ; This study showed that the ABCBI rs4148738
152242480(C>T) homozygous mutant type (TT) was associated with a

Age 614+118 645+127 679+125 0301  significantly lower rivaroxaban C,,,4,/D than wild type

Weight 654+124 699+135 67.2+102 0476 (CC), which means that patients with the TT geno-

Amiodarone  9(231%) 10 (22.2%) 2(286%) 0932  type may have a lower bleeding risk than the CC geno-

crcl 8004210 805+21.0 7524256 o588 type. Dimatteo et al. found that the ABCBI rs4148738

CHA2DS2- 16410 22+18 20421 0.133 mutant type showed 5% lower trough concentra-

VASC - N N tions of dabigatran compared with the wild type [24].

HAS-BLED T+ 13+10 15411 0506  Léhteenmaéki et al. also reported that compared with
CYP3A4 60 28 3 rs4148738 CC genotype, CT + TT genotype was associ-
rs4646437(G> A) ated with a reduced bleeding risk of apixaban [26]. The

Age 660+125 660£130 56.0+98 0403 ABCBI rs4148738 homozygous mutant type reduced

Weight 682111 690+£143 660+123 0911 the Cyougn/D of rivaroxaban, suggesting that throm-

Amiodarone 11 (18.3%) 9 (32.1%) 1(33.3%) 0135 botic events may occur when other factors can reduce

Crcl 7784246 781+198 8534269 0.863

the plasma concentration rivaroxaban are combined,
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such as the combination with CYP450/P-gp inducers
(rifampicin, phenytoin sodium, doxorubicin, etc.) [5].

Our study showed that the ABCBI rs4728709 heterozy-
gous mutant type (GA) had a significantly lower Cy,0,/D
of rivaroxaban than wild type (GG). A study reported
that the ABCBI rs4728709 mutation could significantly
increase the clearance rate of dexamethasone [27]. Dex-
amethasone is also a substrate of P-gp. An increase in
clearance rate means a decrease in plasma concentration.
The result is consistent with ours. The above results sug-
gest that it may be necessary to pay attention to whether
patients with mutations at this gene locus will have insuf-
ficient anticoagulation, especially when combined with
CYP3A4 or P-gp inducers.

Nakagawa et al. reported that the C,,/D of rivar-
oxaban in patients with AF did not differ significantly
among ABCG2 c.421C>A (rs2231142) genotypes [14].
But they did not examine the effect of ABCG2 gene
polymorphisms on the bleeding events of rivaroxaban.
Tandjia et al. reported that ABCG2 rs2231137 gene poly-
morphism was associated with plasma concentrations
of sorafenib [28]. Studies have also found that ABCG2
rs2231142 genotypes GT+TT were associated with
increased exposure to sunitinib in people with neoplasms
and increased plasma concentrations of rosuvastatin
compared to genotype GG [29, 30]. This is the first study
to investigate the impact of ABCG2 gene polymorphisms
on rivaroxaban’s pharmacokinetics and bleeding events
simultaneously, and no significant effects were found.
This result may provide references for future exploration
of the influence of ABCG2 gene polymorphisms on rivar-
oxaban’s pharmacokinetics and clinical outcomes.

Overall, there are fewer studies on the relevance of gene
polymorphisms on the pharmacokinetics of rivaroxaban
to the clinical outcome of rivaroxaban. Most studies have
focused on the ABCBI gene, and the findings are some-
what contradictory. A total of nine genetic loci related
to rivaroxaban metabolizing enzymes and transporters
were examined in this study. We hope that the results of
this study will be useful for the subsequent exploration
of the influence of genetic factors on the pharmacokinet-
ics and clinical outcomes of rivaroxaban. On one hand,
this study provides some reference for further exploring
genetic factors in the construction of a model of bleeding
with rivaroxaban in patients with NVAF, which should be
applied to predict the risk of bleeding with rivaroxaban
and reduce the occurrence of adverse effects in clinical
practice. On the other hand, it provides a certain refer-
ence in constructing a PPK/PD model of rivaroxaban
in patients with NVAF, and helps to individualize and
rationalize the clinical use of drugs.

This study has several limitations. Firstly, when ana-
lyzing bleeding events, we found that three gene loci did
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not meet the requirements of the R*C chi-square test,
including ABCB1 rs4148738, rs4728709, and CYP3A4
rs4646437. So we combined heterozygous mutant type
with homozygous mutant type and compared them with
wild type. Therefore, we could only compare whether
there were differences in bleeding events between the
mutant and wild types at these three gene loci, but not
multiple comparisons among three genotypes. Sec-
ondly, to eliminate the influence of confounding factors,
this study further compared the ratio of amiodarone,
age, weight, CrCl, CHA2DS2-VASc scores, and HAS-
BLED scores among genotypes. However, it was found
that there were significant differences in the ratio of
amiodarone among genotypes at ABCG2 rs2231137.
Amiodarone is an inhibitor of CYP3A4 and P-gp. Stud-
ies have reported that amiodarone has a minor effect on
the plasma concentrations of rivaroxaban [5]. So it may
affect the final interpretation of the results of ABCG2
rs2231137 in this study. Finally, due to the small sample
size of this study, a later study with a larger clinical sam-
ple size is needed to further validate the results.

In general, there are limited studies on the influence of
gene polymorphisms on the pharmacokinetics of rivar-
oxaban, and there are fewer studies on the correlation
between gene polymorphisms and the clinical outcomes
of rivaroxaban. Most studies focus on the ABCBI gene,
and the results are also contradictory. This study inves-
tigated 9 gene loci related to rivaroxaban metabolic
enzymes and transporters. It is hoped that the results will
be helpful to the subsequent exploration of the influence
of genetic factors on the pharmacokinetics and clinical
outcomes of rivaroxaban.

Conclusions

This study suggests that the ABCBI rs4148738 and
rs4728709 gene polymorphisms significantly impacted
the trough concentration of rivaroxaban. CYP3A4/5,
ABCBI, and ABCG2 gene polymorphisms were not asso-
ciated with rivaroxaban bleeding events, and the rela-
tionship between genetic polymorphisms and bleeding
events needs to be further investigated verified by the
large sample size.
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