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Introduction: The aim of this study is to assess the influence of gene CYP2C19, CYP3A4,
CYP3A5 and ABCBI polymorphisms on clopidogrel antiplatelet activity, rivaroxaban con-
centration equilibrium, and clinical outcomes among patients with acute coronary syndrome
and non-valvular atrial fibrillation.

Methods: In the multicenter prospective registry study of the efficacy and safety of
a combined antithrombotic therapy 103 patients with non-valvular atrial fibrillation both
undergoing or not a percutaneous coronary intervention were enrolled. The trial assessed the
primary outcomes (major bleeding, in-hospital death, cardiovascular death, stroke\transient
ischaemic attack, death/renal insufficiency) and secondary outcomes (platelet reactivity units
(PRU), rivaroxaban concentration).

Results: For none of the clinical outcomes when combined with other covariates, the carriership
of polymorphisms CYP3A45*3 rs776746, CYP2C19*2 rs4244285;*17 rs12248560, ABCBI
3435 C>T, ABCBI rs4148738 was significant. None of the markers under study (CYP345*3
rs776746, CYP2C19*2 rs4244285, *17 rs12248560, ABCBI 3435 C>T, ABCBI rs4148738) has
proven to affect rivaroxaban equilibrium concentration in blood plasma among patients with
atrial fibrillation and acute coronary syndrome.

Conclusion: In situations of double or triple antithrombotic rivaroxaban and clopidogrel
therapy among patients with atrial fibrillation and acute coronary syndrome, the genetic
factors associated with bleeding complications risk (CYP2C19*17) may prove to be clini-
cally relevant.

Keywords: rivaroxaban, clopidogrel, polymorphism, atrial fibrillation, acute coronary

syndrome

Plain Language Summary

® A multicenter prospective registry trial was performed to study the efficacy and safety
of a combined antithrombotic therapy: 103 patients with non-valvular atrial fibrillation
some undergoing a percutaneous coronary intervention were included.

® The trial assessed the primary outcomes (major bleeding, in-hospital death,
cardiovascular death, stroke\transient ischaemic attack, death/renal insufficiency) and
secondary outcomes (platelet reactivity units, rivaroxaban concentration).

® [n situations of double or triple antithrombotic rivaroxaban and clopidogrel therapy
among patients with AF and ACS, the genetic factors associated with bleeding
complications risk (CYP2C19*17) may prove to be clinically relevant.
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Introduction

All the patients with an acute coronary syndrome regardless
of the treatment strategy (with or without a percutaneous
coronary intervention) were assigned to a double antiplatelet
therapy, which includes aspirin and a P2Y12-inhibitor, in
order to prevent thrombotic complications: cardiovascular
death, myocardial infarction, stent thrombosis.' Nowadays,
3 P2Y 12-inhibitors are available per os: clopidogrel, ticagre-
lor, prasugrel. In some trials the variability in response to
clopidogrel was observed, which is connected with numerous
factors, CYP2C19-dependent active metabolite production
among them.>> Though the presence of low function alleles
CYP2C19*2 (rs4244285, c¢.681G>A) and CYP2C19*3
(rs4986893, ¢.636G>A) leads to an insufficient platelet
activity inhibition and significantly increases the risk of
thrombotic complications compared to non-carriers. "
CYP2C19*17 carriership is connected to an increased risk
of bleeding complications on clopidogrel.® The number of
patients who are resistant to clopidogrel may be up to 35% of
the population, which depends on the method of testing and
the borders of high residual platelet reactivity.” A genotype-
based antiplatelet therapy, as observed in a number of obser-
vational and randomized trials, is capable of overcoming

high residual platelet reactivity®

and may lead towards
a decrease in the number of adverse cardiovascular
events.* '® These results are proven by the results of a meta-
analysis of 9000 patients on clopidogrel: the carriership of
low function allelic variants increases the risk of major
adverse cardiovascular events (MACE) 1.5-fold and the
risk of stent thrombosis 2.8-fold.!” The negative results of
later meta-analyses can be explained by the heterogeneity of
the population and inclusion in the meta-analyses of patients
with a stable coronary disease.'® Meanwhile, several large
randomized clinical trials are in progress (Popular genetics
(NCTO01761786) — 2700  patients; TAILOR-PCI
(NCTO01742117) — 5270 patients) and the clinical application
of genotype-based antiplatelet therapy remains controversial.
Other P2Y 12—inhibitors — ticagrelor and prasugrel are not
susceptible to the influence of allelic variants of the
CYP2C19 gene carriership'®*® and have appeared to be
more potent in terms of decrease in thrombotic complications
in comparison with clopidogrel among patients with acute
coronary syndrome undergoing percutaneous coronary
intervention.”'*? Nevertheless, the problem of the variability
of the response to clopidogrel is still relevant as the therapy
with ticagrelor and prasugrel is connected to the higher

number of bleeding complications; it is more expensive,

which leads to lower compliance among patients and, finally,
is not the treatment of choice when used as part of
a combined antithrombotic treatment.”>**

According to the current guidelines and expert opi-
nions, patients with an acute coronary syndrome (ACS)
with atrial fibrillation (AF) need to be treated with com-
bined antithrombotic therapy: antiplatelet therapy plus oral
anticoagulants.>* Although the prescription of anticoagu-
lant therapy is regulated by the guidelines for treatment of
AF aimed to prevent cardioembolic complications,
a combined antithrombotic therapy is connected to an
increase in the bleeding events risk.>*?’ Nevertheless,
the results of previous randomized clinical trials
PIONEER AF-PCI, RE-DUAL PCI***’ which included
patients with ACS and AF undergoing PCI and meta-

analyses>*"!

showed the superiority of double antithrom-
botic treatment (oral anticoagulant+ P2Y'12 inhibitor) over
triple antithrombotic therapy in terms of decrease in the
number of bleeding complications without significant dif-
ferences in the effectiveness. Apart from AF treatment,
prescription of oral anticoagulants may be pathophysiolo-
gically justified in ACS treatment. Adhesion and activation
of platelets after erosion and rupture of the atherosclerosis
plaque plays a key role in the initialization and develop-
ment of atherothrombosis.*> Activation of coagulation
usually contributes less to the development of acute arter-
ial thrombosis in comparison to antiplatelet action.
Rivaroxaban, a direct inhibitor of Xa-factor, does not
directly affect the antiplatelet aggregation, caused by col-
lagen, ADP, thromboxane A2 and thrombin.**-* At the
same time, it was shown that rivaroxaban, which is cap-
able of total inhibition of thrombin formation, may sup-
press antiplatelet aggregation inhibiting thrombin
generation, through the related tissue factor.’> The main
part of thrombin is generated after the primary clot forma-
tion, which explains that thrombin plays an important role
in clot stabilization rather than its initialization at an early
stage of atherothrombosis.*® In previous studies, increased
procoagulant activity at an acute stage of ACS was
revealed with a significant increase of thrombin formation,
which can remain for several months after the event
increasing the risk of thrombotic complications.*”*® The
analysis of randomized clinical trials of the third phase and
postmarket studies have shown that high concentrations of
DOAGC: in the blood plasma correlate with the increased
rate of bleeding events.*'** Similar studies have shown
the connection between low plasma concentrations of

DOACs measured in the first month of therapy and
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thromboembolic events.***** In addition, the data from the
centers have shown that a 15-fold variation of plasma
concentration of rivaroxaban can be observed with an
average level of 40 ng/mL. And almost 40% of the
patients were beyond the therapeutic range.** In the devel-
opment of such a variability of pharmacokinetic para-
meters pharmacogenetics can play a significant role.
Rivaroxaban is a substrate of transmembrane transporter
P-glycoprotein and is metabolized by P450 enzymes
(CYP3A and CYP2J2).*® Consequently, the carriership of
gene polymorphisms which encode the P-glycoprotein for-
mation (ABCBI) and isoenzyme CYP3A4 and CYP3AS5
may exert influence on pharmacokinetic, pharmacody-
namic parameters and clinical outcomes on rivaroxaban
therapy.*’

That is why the search for safety and effectiveness
biomarkers of a combined antithrombotic therapy is of
particular interest, and the aim of this study is to assess
the influence of gene CYP2C19, CYP3A44, CYP3A5 and
ABCBI polymorphisms on primary and secondary clinical
outcomes among patients with ACS and non-valvular AF
who received clopidogrel and rivaroxaban.

Materials and Methods
Design and Study Population

A multicenter prospective registry trial was performed to
study the efficacy and safety of a combined antithrombotic
therapy: 103 patients with non-valvular atrial fibrillation
some undergoing a percutaneous coronary intervention
were consecutively involved.

The study protocol was approved by the Ethics
Committee of Russian Medical Academy of Continuous
Professional Education, Moscow, Russian Federation
(resolution no. KM-634), it was conducted in accordance
with the Declaration of Helsinki, and all patients gave
written informed consent for participation.

Inclusion criteria: presence of an informed written con-
sent, age above 18 years, ACS event less than 7 days, non-
valvular atrial fibrillation, registered, and which needs
anticoagulant treatment (>2 CHA2DS2-VASC score for
men and > 3 CHA2DS2-VASC score for women); first
registered atrial fibrillation which needs anticoagulant pre-
scription. Exclusion criteria: pregnancy, lactation, active
internal bleeding, liver cirrhosis with C Child-Pugh liver
insufficiency; chronic renal disease, HIV-infection, alco-
hol/drug addiction; mitral valve stenosis moderate and
mechanical heart wvalves,

severe, severe psychiatric

disorders, allergic reactions/drug intolerance. The follow-
up period was 12 months with telephone interviews every
3 months. The trial assessed the primary outcomes (major
bleeding, in-hospital death, cardiovascular death, stroke
\transient ischaemic attack, death/renal insufficiency) and
secondary outcomes (platelet reactivity units, rivaroxaban
concentration)

Assessment of Platelet Activity

The assessment of residual platelet reactivity was per-
formed utilizing VerifyNow assay («Accumetricsy», US).
For assessment of platelet activity venous blood was used,
drained 7 days after the beginning of clopidogrel therapy
in vacuum vials 2 mL with 3.2% sodium citrate. Platelets
are activated by ADP and interact with fibrinogen on the
microparticles in the solution. The more the aggregation is
- the less is the optical density of the solution. The level of
aggregation of platelets is measured in P2Y 12 Reactivity
Units or percentage of inhibition. The study was con-
ducted within 1 hr (it is permissible to conduct the study
within 4 hrs) after the whole venous blood sample was
drained. The therapeutic range of P2Y 12-inhibitors when
measured with VerifyNow P2Y12 assay are as follows:
PRU>208 — the risk of thrombotic events, PRU<95 —
bleeding risk, 95<PRU<208 — adequate response to
clopidogrel.

Measurement of Rivaroxaban Plasma

Concentration

The blood plasma sampling utilizing VACUETTE™
(Greiner Bio-One, Austria) with heparin sodium was per-
formed to assess minimal equilibrium concentration of
rivaroxaban in the blood plasma before a regular dose of
rivaroxaban on the 5™-6th day of the initiation of the
therapy. Rivaroxaban concentration determination was car-
ried out by high-performance liquid chromatography with
mass-spectrometry detection (HPLC-MS). Agilent 1200
HPLC - system consists of 4-channel pump, mobile
phase degasser and chromatographic columns thermostat.
The chromatographic separation was done using Agilent
Extend-C18 (2.1*100 mm, 3.5 pm) column at temperature
40°C. The mobile phase: Solution “A” (50 mL 0.1 M
solution ammonium acetate and 5 mL formic acid were
diluted with unionized water up to 1 liter) and solution “B”
(50 mL 0.1 M solution ammonium acetate and 5 mL
formic acid were diluted with acetonitrile up to 1 liter).
performed in the

Chromatographic separation was
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isocratic elution mode with the components ratio “A”:“B”
= 70:30. The velocity of the chromatographic mobile
phase stream was 0.3 mL/min. The volume of the sample
was 10 pL. The analysis was performed within 7 mins.
Agilent Triple Quad LC/MS 6410 mass-spectrometer was
used (triple quadrupole type) with electrospray ionization
in the positive ionization mode. The detection of rivarox-
aban mass-spectra was performed in the multiple reaction
monitoring mode. The nebulizer gas pressure was 35 psi.
The volume velocity of the dry gas flow was 11 L/min,
desolvation temperature was 350°C. The value of frag-
mentation voltage was 135 V, the collision cell voltage
was 25 V. Sample preparation was performed using plasma
protein precipitation method. The blood plasma samples
thawed at room temperature. Then 100 pL of plasma was
placed in Eppendorf vials, 250 uL of methanol was added,
as well as 0.1% hydrogen chloride 9:1 mixture, mixed
with Vortex, left alone for 10 mins and mixed once
again. Then the acquired samples were centrifuged at
9000 RCF for 10 mins. The supernatant was transferred
into chromatographic vials and placed on autosampler. The
technique was validated in the 5-1000 ng/mL concentra-
tion range. Precision and accuracy values within-run and
between runs did not exceed 15% CV (lower limit of
quantitation values were lower 20% CV). The samples
were stable after freeze-thaw cycle and a month of storage.

Genotyping

Venous blood collected into vacuum vials VACUETTE®
(Greiner Bio-One, Austria) with ethylene diamine tetra
acetate (EDTA) was used for genotyping. Utilizing real-
time polymerase chain reaction with commercially avail-
able assays («Sintol», Russia; Thermo Fisher Scientific,
USA) utilizing Real-Time CFX96 Touch amplifier (Bio-
Rad Laboratories, Inc., USA), the carriership of CYP2C19,
CYP344, CYP345 and ABCBI polymorphisms was
detected.

Statistics

Data analysis was carried out in the statistical package IBM
SPSS Statistics 23.0. All quantitative variables were tested
for normal distribution by the Shapiro—Wilk criterion,
resulting in abnormal data distribution (Z<1.0; p<0.0001).
For the subsequent analysis of quantitative variables
(Mann—
Whitney, Kruskal-Walles) were applied. Comparison of fre-

between subgroups, nonparametric criteria

quencies of categorical variables was carried out by means
of Pearson’s Chi-square. In order to establish the predictive

role of genetic polymorphisms and clinical parameters for
the outcomes, binomial logistic regression was carried out.
For the regression analysis, the following variables were
selected as the dependent variables: serious bleeding, in-
hospital death, death by renal failure, stroke, cardiovascular
death. The regression model always included genetic poly-
morphisms CYP345%3, CYP2C19*2, *17, ABCBI and
DAPT\TATT variables as covariates. Parameters which
showed significant differences when comparing subgroups
by outcomes were added as covariates in relevant regression
model. Covariates were included in the model using the
Wald reverse step-by-step selection method. There were no
differences from Hardy-Weinberg equilibrium (Table 1).

Results

The baseline characteristics of the population are featured
in Table 2. In the studied patient group 54.5% male, mean
age 73+£9.8. PCI, CABG (Coronary artery bypass graft),
Myocardial infarction, Heart Failure and bleeding were
observed among 32.0%, 6.8%, 46.6%, 35.9% and 19.4%,
respectively. Among the major adverse cardiovascular
events during the 12-months observation period major
bleeding — 11 (10.6%), cardiovascular death — 4 (3.9%),
acute cerebrovascular event — 2 (2.0%). The number of
patients with resistance to clopidogrel treatment (PRU
>208) and who have the risk of bleeding events
(PRU<95): 12 (11.7%) and 25 (24.3%), respectively.

Table 3 features the results of the assessment of the
influence of polymorphism carriership CYP2C19,
CYP3A44, CYP3A45 and ABCBI among patients with ACS
and non-valvular AF on secondary (clopidogrel antiplate-
let activity), rivaroxaban equilibrium concentration clinical
outcomes. When comparability assessment was performed
between the groups of patients, statistically significant
differences in terms of factors which could affect the
primary and secondary outcomes were observed for
ABCBI 3435 C>T (T-carriers had higher HAS-BLED,
CHA2DS2VASC scores and mean age) and CYP2C19*2
(*2-carriers had lower Killip scores).

Among the allelic variant carriers CYP2CI19*17
(CYP2C19*17 CT + CYP2CI19*17 TT) patients had
a twice more often increased risk of bleeding: low platelet
reactivity (PRU<95) was observed among 17.2% of car-
riers and 33.3% among non-carriers (OR 0.42 95% CI
0.17-1.05, p = 0.059). In addition, this allelic variant
was significantly associated with the risk of in-hospital
death (0% vs 6.7%; OR 0.42 95% CI 0.33-0.53 p =
0.046) and cardiovascular death (0% vs 8.9%; OR 0.41
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Table | Baseline Demographics and Clinical Characteristics (n=103)  Table 2 Hardy-Weinberg Equilibrium Test
Characteristics Value Genetic Polymorphism Genotype | n % Chi-
Square
Age, years mean + SD 73+9.8
Men, n (%) 56 (54.5%) CYP3A4*22 C>T intron 6 CcC 102 | 962 | O
Obesity 51 (49.5) rs35599367 CcT I 3.8
smoking ? @7%) CYP3A5*3 rs776746 GG 84 | 816 | 1.06
CRUSADE Score 11.4%5.1 ® ’ ’
AG 19 18.4
Killip Score 1.43+0.74
CHA2DS2VASC Score 5.1+1.5 ABCBI rs4148738 CcC 19 184 | 0.58
HAS-BLED Score 2.4+0.9 CT 46 44.7
GFR 53.8%17.7 TT 38 36.9
Previous PC 33 (32.0%) ABCBI rs|045642 cc 30 | 29.1 | 1.63
Previous CABG 7 (6.8%) s S
CcT 45 43.7
Previous Myocardial Infarction 48 (46.6%)
TT 28 27.2
Heart Failure 37 (35.9%)
Any Bleeding Events 20 (19.4%) CYP2C19*2 rs4244285 AA 2 1.9 0.22
PClI 76 (73.8% oA 2| 282
' (73.8%) GG 72 | 699
I. Angioplasty 3 (3.9%)
2. Drug-Eluting Stent (DES) 41 (53.9%) CYP2CI9%17 1512248560 | CC 58 | 563 | 033
3. Bare-Metal Stent (BMS) 32 (42.1%) CT 40 388
TT 5 49
AF: 103 (100%)
I. First Detected 13 (12.6%)
2. Paroxysmal 53 (51.5%) with double/triple antithrombotic therapy: 22.2% vs 8.5%

3. Permanent 37 (35.9%)

MI: 103 (100%)
|. STEMI 28 (27.2%)
2. NSTEMI 52 (50.5%)
3. Unstable angina 23 (22.3%)

Major Bleeding Il (10.6%)
Cardiovascular Death 4 (3.9%)
Cerebrovascular Event 2 (2.0%)
PRU:
I. PRU >208 12 (11.7%)
2. PRU <95 25 (24.3%)

Combined antithrombotic therapy
I. Triple
2. Double

76 (73.7%)
27 (26.3%)

95% CI 0.33-0.52 p = 0.021). The CYP2C19*17 poly-
morphism carriers had a tendency towards an increase in
the frequency of strokes/transient ischaemic attacks (0.0%
vs 4.8% OR 0.41 95% CI 0.32-0.52 p = 0.093). Patients
with T allelic variant polymorphism ABCBI rs4148738
and G allelic variant polymorphism CYP2CI19 * 2 had
a tendency towards death by renal insufficiency (15.8%
vs 35.7% OR 2.96 95% CI 0.80-11.0, p = 0.093 and
37.5% vs 19.4% OR 0.40 95% CI 0.15-1.10, p = 0.07,
respectively). CYP345*3 AG patients had a tendency
towards the increase in the number of major bleeding

OR 0.33 95% CI 0.08-1.27, p = 0.093.

The mean platelet reactivity unit values of patients with
T allelic variant polymorphism ABCBI rs4148738 were
significantly higher compared to non-carriers: 113.3 + 57.1
vs 141.0 + 62.3 (p = 0.053). Carriers of the allelic variant
CYP2C19 * 17 rs12248560 had higher platelet inhibition
values (37.8% =+ 28.9 compared to 25.0% + 25.9; p =
0.013) and, therefore, lower PRU values (121.4 £ 63.5 vs
147.1 £ 59.0; p = 0.044) compared to non-carriers.
CYP3A44%*22 rs35599367 polymorphism had only one het-
erozygous variant, so, statistic analysis was not performed.

Additional analysis also revealed that higher platelet
inhibition level is connected to higher in-hospital death
(63.3% vs 29.6%; p = 0.058), and higher rivaroxaban
concentration is associated with higher HAS-BLED
scores: 92.3 + 64.9 if HAS-BLED 3-9 vs 67.2 + 474 if
HAS-BLED <3 (p = 0.03). Besides, the correlation analy-
sis revealed a weak negative correlation between haemo-
globin levels and rivaroxaban plasma concentration (r=0.3;
p=0.002) and platelet activity (0.2; p=0.02).

Linkage Disequilibrium Analysis and
Haplotype Analysis

We used “SNPStats’ for the analysis of linkage disequili-
brium and haplotype analysis. The polymorphisms are
considered to be in ‘strong LD’ if the one-sided upper

Pharmacogenomics and Personalized Medicine 2020:13
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Table 3 Association of Gene Polymorphisms CYP2CI19, CYP3A4, CYP3A5 and ABCB/ with Secondary Outcomes

ABCBI 3435 C>T CcC CT+TT p-value (Mann—-Whitney Test)

N M SD N M SD
Platelet inhibition rate (%) 30 29.8 28.2 73 309 27.9 0.839
Platelet reactivity units (PRU) 30 136.8 61.3 73 135.5 32.8 0910
Rivaroxaban concentration 30 74.7 54.0 73 80.6 59.0 0.596
ABCBI rs4148738 CC CT+TT P

N M SD N M SD
Platelet inhibition rate (%) 19 345 285 84 29.7 27.8 0416
Platelet reactivity units (PRU) 19 113.3 57.1 84 141.0 62.3 0.053
Rivaroxaban concentration 19 78.8 59.2 84 78.9 57.2 0.865
CYP2C19%2 GG GA+AA P

N M SD N M SD
Platelet inhibition rate (%) 72 31.4 26.3 31 28.6 31.6 0.275
Platelet reactivity units (PRU) 72 131.9 57.8 31 145.2 71.0 0.276
Rivaroxaban concentration 72 75.7 57.7 31 86.2 56.9 0.219
CYP2CI9*17 CC CT+TT P

N M SD N M SD
Platelet inhibition rate (%) 58 25.0 25.9 45 37.8 28.9 0.013
Platelet reactivity units (PRU) 58 147.1 59.0 45 121.4 63.5 0.044
Rivaroxaban concentration 58 83.5 66.7 45 729 424 0.821
CYP3A45*3 GG AG+AA P

N M SD N M SD
Platelet inhibition rate (%) 84 30.6 28.0 19 304 28.2 0.993
Platelet reactivity units (PRU) 84 135.0 62.9 19 139.8 60.0 0.75
Rivaroxaban concentration 84 81.6 58.9 19 69.7 55.9 0.430

95% confidence bound on D” is >0.98 and the lower
bound is >0.70.

The polymorphisms in the CYP2CI9 gene (*2
(rs4244285) and *17 (rs12248560)) were in high linkage
disequilibrium (D’ = 0.99). There was no AA genotype
among the patients who had the bleeding. Major bleeding

showed a significant association (p < 0.05) with

a protective effect of CYP2C19*2 rs4244285 in the pre-
sence of CYP2C19*17 rs12248560 against major bleeding
(Table 4)

Discussion
Although the optimal values of therapeutic range of rivarox-
aban concentration in blood plasma have not been

Table 4 Haplotype Analysis of the CYP2C/9 Polymorphisms for Major Bleeding

Haplotype Association with Response (n=103, Crude Analysis)

CYP2C19%2 CYP2CI19*17 Freq OR (95% CI) P-value
[ G c 0.6101 1.00 -

2 G T 0.2297 0.13 (0.03-0.60) 0.0l

3 A C 0.1472 0.00 (-Inf - Inf) [

Global haplotype association p-value: 0.0046
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determined, in previous studies significant associations
between equilibrium rivaroxaban concentration and inci-
dence of bleeding among AF patients were revealed (48+30
vs 34 £26; p=0.02)."® In addition, apart from acknowledged

factors (age, renal insufficiency**~)

, genetic factors such as
gene polymorphisms ABCB1, CYP344 may exert influence
on rivaroxaban pharmacokinetics and, therefore, on the risk
of bleeding complications. This is extremely important in
case of antithrombotic therapy among patients with AF and
ACS, even more so in light of the correlation of the afore-
mentioned genetic markers with pharmacologic response to
clopidogrel,” while rivaroxaban indirectly affects platelet
aggregation through thrombin generation inhibition.*
Previous studies assessed primarily non-genetic risk factors
of poor outcomes among patients with AF and ACS. Less
emphasis was put on the role of genetic markers. Zang L. et al
associated major bleeding with rivaroxaban concentration
(2.5 mg), sex and prior myocardial revascularization.”'
Several studies assessed the role of genetic factors among
patients with AF without ACS. Anne-Laure Sennesael et al
report that three patients out of four having major bleeding
and blood rivaroxaban concentration above expected (more
than 136 nm/mL) were heterozygous ABCBI 1236C > T,
2677G > T, 3435 C> Tand rs4148738.%° Likewise, ABCB1
2677G > Tand 3435 C> T carriership were associated with
higher blood plasma rivaroxaban concentration and bleeding
complications.’? Apart from that, there are studies that report
no link between /1236C > T, 2677G > T, 3435 C > T and
rivaroxaban pharmacokinetics.”

The present study has proven that gene polymorphisms,
usually associated with clopidogrel-related bleeding, play an
important role in combined antithrombotic therapy:
CYP2C19*17 carriers twice as often had low residual platelet
reactivity (PRU less than 95) 17.2% vs 33.3% (p = 0.059).

CYP2C19*17 carriers turned out to be prone to
increased platelet inhibition (37.8% + 28.9 compared to
25.0% £ 25.9; p = 0.013) and, therefore, lower PRU values
(121.4 £ 63.5 vs 147.1 + 59.0; p = 0.044) compared with
non-carriers.

Apart from that, this allelic variant turned out to be the
only genetic marker to be significantly associated with in-
hospital (0% vs 6.7%; p = 0.046) and cardiovascular death
(0% vs 8.9%; p = 0.021).

No genetic marker was connected to clopidogrel resis-
tance (PRU more than 208). The only allelic variant which
led towards higher mean PRU values turned out to be ABCB1
rs4148738: 113.3 £57.1 vs 141.0 £ 62.3 (p = 0.053).

The results can be explained by the fact that
in situations of indirect influence of rivaroxaban on plate-
let reactivity, it is safe to put more emphasis on the risk
factors of bleeding complications rather than on well
described in literature genetic risk factors for thrombotic
complications on clopidogrel therapy (low function alleles
CYP2C19*2 rs4244285, CYP2C19*3 rs4986893), as these
bleeding risk factors do not demand a switch of drug
according to the present CPIC guidelines and to a lesser
degree disrupt clopidogrel response.”

Conclusion

CYP2C19*17 rs12248560 is significantly associated with
in-hospital death of patients with an acute coronary syn-
drome and non-valvular atrial fibrillation who receive clo-
pidogrel and rivaroxaban.

None of the markers under study (CYP345*3
rs776746, CYP2CI19*2 rs4244285, *17 rs12248560,
ABCB1 3435 C>T, ABCBI rs4148738) has proven to
affect rivaroxaban equilibrium concentration in blood
plasma among patients with atrial fibrillation and acute
coronary syndrome.

In situations of double or triple antithrombotic rivarox-
aban and clopidogrel therapy among patients with AF and
ACS, the genetic factors associated with bleeding compli-
cations risk (CYP2C19*17 rs12248560) may prove to be
clinically relevant.

Additional results regarding a connection between riv-
aroxaban concentration and high HAS-BLED scores
demonstrate the feasibility of using this marker for perso-
nalization of rivaroxaban therapy.

Acknowledgment
This study has been supported by the Russian Science
Foundation under Project No. 16-15-00227.

Disclosure

Dmitriy Ivashchenko reports grants from Russian Science
Foundation and RFBR, outside the submitted work. The
other authors report no conflicts of interest in this work.

References

1. Levine GN, Bates ER, Bittl JA, et al. ACC/AHA guideline focused
update on duration of dual antiplatelet therapy in patients with cor-
onary artery disease: a report of the American College of Cardiology/
American Heart Association Task Force on clinical practice
guidelines. J Am Coll Cardiol. 2016;2016(68):1082—1115. doi:10.
1016/j.jacc.2016.03.513

Pharmacogenomics and Personalized Medicine 2020:13

submit your manuscript 35

Dove


https://doi.org/10.1016/j.jacc.2016.03.513
https://doi.org/10.1016/j.jacc.2016.03.513
http://www.dovepress.com
http://www.dovepress.com

Sychev et al Dove

2. Scott SA, Sangkuhl K, Stein CM, et al. Clinical pharmacogenetics 18. Kheiri B, Osman M, Abdalla A, et al. CYP2C19 pharmacogenetics
implementation consortium. Clinical pharmacogenetics implementa- versus standard of care dosing for selecting antiplatelet therapy in
tion consortium guidelines for CYP2C19 genotype and clopidogrel patients with coronary artery disease: a meta-analysis of randomized
therapy: 2013 wupdate. Clin Pharmacol Ther. 2013;94:317-323. clinical trials. Catheter Cardiovasc Interv. 2019;93(7):1246-1252.
doi:10.1038/clpt.2013.105 doi:10.1002/ccd.27949

3. Sibbing D, Koch W, Gebhard D, et al. Cytochrome 2c¢19*17 allelic 19. Wallentin L, James S, Storey RF, et al.; PLATO investigators. Effect
variant, platelet aggregation, bleeding events, and stent thrombosis in of CYP2C19 and ABCBI single nucleotide polymorphisms on out-
clopidogrel-treated patients with coronary stent placement. Circulation. comes of treatment with ticagrelor versus clopidogrel for acute cor-
2010;121:512-518. doi:10.1161/CIRCULATIONAHA.109.885194 onary syndromes: a genetic substudy of the PLATO trial. Lancet.

4. Ellis KJ, Stouffer GA, McLeod HL, Lee CR. Clopidogrel pharmaco- 2010;376:1320-1328. doi:10.1016/S0140-6736(10)61274-3
genomics and risk of inadequate platelet inhibition: US FDA 20. Mega JL, Close SL, Wiviott SD, et al. Cytochrome P450 genetic
recommendations. Pharmacogenomics. 2009;10:1799-1817. doi:10. polymorphisms and the response to prasugrel: relationship to phar-
2217/pgs.09.143 macokinetic, pharmacodynamic, and clinical outcomes. Circulation.

5. O’Donoghue M, Wiviott SD. Clopidogrel response variability and 2009;119:2553-2560. doi:10.1161/CIRCULATIONAHA.109.851949
future therapies: clopidogrel: does one size fit all? Circulation. 21. Wiviott SD, Braunwald E, McCabe CH, et al.; TRITONTIMI 38
2006;114:¢600—e606. doi:10.1161/CIRCULATIONAHA.106.643171 Investigators. Prasugrel versus clopidogrel in patients with acute

6. Tam CC, Kwok J, Wong A, et al. Genotyping-guided approach coronary syndromes. N Engl J Med. 2007;357:2001-2015. doi:10.
versus the conventional approach in selection of oral P2Y12 recep- 1056/NEJMo0a0706482
tor blockers in Chinese patients suffering from acute coronary 22. Wallentin L, Becker RC, Budaj A; PLATO Investigators, et al. Ticagrelor
syndrome. J Int Med Res. 2017;45(1):134-146. doi:10.1177/030 versus clopidogrel in patients with acute coronary syndromes. N Eng/
0060516677190 J Med. 361;2009:1045-1057. doi:10.1056/NEJM0a0904327

7. Koltowski L, Tomaniak M, Aradi D, et al. Optimal aNtiplatelet ~ 23. Dayoub EJ, Seigerman M, Tuteja S, et al. Trends in platelet adeno-
pharmacotherapy guided by bedSIDE genetic or functional sine diphosphate P2Y12 receptor inhibitor use and adherence among
TESTing in elective PCI patients: a pilot study: ONSIDE TEST antiplatelet-naive patients after percutaneous coronary intervention,
pilot. Cardiol J. 2017;24(3):284-292. doi:10.5603/CJ.a2017.0026 2008-2016. JAMA Intern Med. 2018;178:943-950. doi:10.1001/

8. So DYF, Wells GA, McPherson R, et al. A prospective randomized jamainternmed.2018.0783
evaluation of a pharmacogenomic approach to antiplatelet therapy 24. January CT, Wann LS, Calkins H, et al. 2019 AHA/ACC/HRS
among patients with ST-elevation myocardial infarction: the RAPID focused update of the 2014 AHA/ACC/HRS guideline for the man-
STEMI study. Pharmacogenomics J. 2016;16(1):71-78. agement of patients with atrial fibrillation: a report of the American

9. Roberts JD, Wells GA, Le May MR, et al. Point-of-care genetic College of Cardiology/American Heart Association task force on
testing for personalisation of antiplatelet treatment (RAPID GENE): clinical practice guidelines and the heart rhythm society. J Am Coll
a prospective, randomised, proof-of-concept trial. Lancet. 2012;379 Cardiol. 2019;74(1):104-132. doi:10.1016/j.jacc.2019.01.011
(9827):1705-1711. doi:10.1016/S0140-6736(12)60161-5 25. Mega JL, Braunwald E, Mohanavelu S, et al. Rivaroxaban versus

10. Shen DL, Wang B, Bai J, et al. Clinical value of CYP2C19 genetic placebo in patients with acute coronary syndromes (ATLAS
testing for guiding the antiplatelet therapy in a Chinese population. ACS-TIMI 46): a randomised, double-blind, Phase II trial. Lancet.
J Cardiovasc Pharmacol. 2016;67:232-236. doi:10.1097/FJC.00000 2009;374:29-38. doi:10.1016/S0140-6736(09)60738-8
00000000337 26. Oldgren J, Budaj A, Granger CB, et al. Dabigatran vs. placebo in

11. Xie X, Ma YT, Yang YN, et al. Personalized antiplatelet therapy patients with acute coronary syndromes on dual antiplatelet therapy:
according to CYP2C19 genotype after percutaneous coronary inter- a randomized, double-blind, phase II trial. Eur Heart J.
vention: a randomized control trial. Int J Cardiol. 2013;168: 2011;32:2781-2789. doi:10.1093/eurheartj/ehr113
3736-3740. doi:10.1016/j.ijcard.2013.06.014 27. Alexander JH, Becker RC, Bhatt DL, et al. Apixaban, an oral, direct,

12. Notarangelo FM, Maglietta G, Bevilacqua P, et al. Pharmacogenomic selective factor Xa inhibitor, in combination with antiplatelet therapy
approach to selecting antiplatelet therapy in acute coronary syn- after acute coronary syndrome: results of the Apixaban for
dromes: PHARMCLO trial. J Am Coll Cardiol. 2018;71 Prevention of Acute Ischemic and Safety Events (APPRAISE) trial.
(17):1869-1877. doi:10.1016/j.jacc.2018.02.029 Circulation. 2009;119:2877-2885.

13. Sanchez-Ramos J, Davila-Fajardo CL, Toledo Frias P, et al. Results 28. Gibson CM, Mehran R, Bode C, et al. Prevention of bleeding in
of genotype-guided antiplatelet therapy in patients who undergone patients with atrial fibrillation undergoing PCI. N Engl J Med.
percutaneous coronary intervention with stent. Int J Cardiol. 2016;375:2423-2434. doi:10.1056/NEJMoal 611594
2016;225:289-295. doi:10.1016/j.ijcard.2016.09.088 29. Cannon CP, Bhatt DL, Oldgren J, et al. Dual antithrombotic therapy

14. Deiman BALM, Tonino PAL, Kouhestani K, et al. Reduced number with dabigatran after PCI in atrial fibrillation. N Engl J Med.
of cardiovascular events and increased cost-effectiveness by 2017;377:1513-1524. doi:10.1056/NEJMoal708454
genotype-guided antiplatelet therapy in patients undergoing percuta- 30. Cavallari I, Patti G. Meta-analysis comparing the safety and efficacy
neous coronary interventions in the Netherlands. Neth Heart J. of dual versus triple antithrombotic therapy in patients with atrial
2016;24(10):589-599. doi:10.1007/s12471-016-0873-z fibrillation undergoing percutaneous coronary intervention. Am

15. Cavallari LH, Franchi F, Rollini F, et al. Clinical implementation of J Cardiol. 2018;121:718-724. doi:10.1016/j.amjcard.2017.12.014
rapid CYP2C19 genotyping to guide antiplatelet therapy after percu- 31. Golwala HB, Cannon CP, Steg PG, et al. Safety and efficacy of dual
taneous coronary intervention. J Transl Med. 2018;16(1):92. vs. triple antithrombotic therapy in patients with atrial fibrillation
doi:10.1186/312967-018-1469-8 following percutaneous coronary intervention: a systematic review

16. Klein MD, Lee CR, Stouffer GA. Clinical outcomes of CYP2C19 and meta-analysis of randomized clinical trials. Eur Heart J.
genotype-guided antiplatelet therapy: existing evidence and future 2018;39:1726—1735a. doi:10.1093/eurheartj/ehy162
directions. Pharmacogenomics. 2018;19:1039-1046. doi:10.2217/ 32. Borissoff JI, Spronk HM, Ten Cate H. The hemostatic system as
pgs-2018-0072 a modulator of atherosclerosis. N Engl J Med. 2011;364:1746—1760.

17. Mega JL, Simon T, Collet JP, et al. Reduced-function CYP2C19 doi:10.1056/NEJMral011670
genotype and risk of adverse clinical outcomes among patients trea- 33. Perzborn E, Strassburger J, Wilmen A, et al. Biochemical and phar-

ted with clopidogrel predominantly for PCI: a meta-analysis. JAMA.
2010;304:1821-1830. doi:10.1001/jama.2010.1543

macologic properties of BAY 59-7939, an oral, direct factor Xa
inhibitor. Pathophysiol Haemost Thromb. 2004;33:Abstract PO079.

36

submit your manuscript

Dove

Pharmacogenomics and Personalized Medicine 2020:13


https://doi.org/10.1038/clpt.2013.105
https://doi.org/10.1161/CIRCULATIONAHA.109.885194
https://doi.org/10.2217/pgs.09.143
https://doi.org/10.2217/pgs.09.143
https://doi.org/10.1161/CIRCULATIONAHA.106.643171
https://doi.org/10.1177/0300060516677190
https://doi.org/10.1177/0300060516677190
https://doi.org/10.5603/CJ.a2017.0026
https://doi.org/10.1016/S0140-6736(12)60161-5
https://doi.org/10.1097/FJC.0000000000000337
https://doi.org/10.1097/FJC.0000000000000337
https://doi.org/10.1016/j.ijcard.2013.06.014
https://doi.org/10.1016/j.jacc.2018.02.029
https://doi.org/10.1016/j.ijcard.2016.09.088
https://doi.org/10.1007/s12471-016-0873-z
https://doi.org/10.1186/s12967-018-1469-8
https://doi.org/10.2217/pgs-2018-0072
https://doi.org/10.2217/pgs-2018-0072
https://doi.org/10.1001/jama.2010.1543
https://doi.org/10.1002/ccd.27949
https://doi.org/10.1016/S0140-6736(10)61274-3
https://doi.org/10.1161/CIRCULATIONAHA.109.851949
https://doi.org/10.1056/NEJMoa0706482
https://doi.org/10.1056/NEJMoa0706482
https://doi.org/10.1056/NEJMoa0904327
https://doi.org/10.1001/jamainternmed.2018.0783
https://doi.org/10.1001/jamainternmed.2018.0783
https://doi.org/10.1016/j.jacc.2019.01.011
https://doi.org/10.1016/S0140-6736(09)60738-8
https://doi.org/10.1093/eurheartj/ehr113
https://doi.org/10.1056/NEJMoa1611594
https://doi.org/10.1056/NEJMoa1708454
https://doi.org/10.1016/j.amjcard.2017.12.014
https://doi.org/10.1093/eurheartj/ehy162
https://doi.org/10.1056/NEJMra1011670
http://www.dovepress.com
http://www.dovepress.com

Dove

Sychev et al

34.

35.

36.

37.

38.

39.

40.

4

—_

42.

43.

Fareed J, Hoppensteadt D, Maddenini J, et al. Antithrombotic
mechanism of action of BAY 59-7939 — a novel, oral, direct factor
Xa inhibitor. J Thromb Haemost. 2005;3:Abstract P0518.

Wong PC, Jiang X. Apixaban, a direct factor Xa inhibitor, inhibits
tissue-factor induced human platelet aggregation in vitro: comparison
with direct inhibitors of factor VIIa, Xla and thrombin. Thromb
Haemost. 2010;104(2):302-310. doi:10.1160/TH10-02-0097

Mann KG, Brummel K, Butenas S. What is all that thrombin for?
J Thromb Haemost. 2003;1:1504-1514. doi:10.1046/j.1538-7836.20
03.00298.x

Ardissino D, Merlini PA, Bauer KA, et al. Coagulation activation and

long-term outcome in acute coronary syndromes. Blood.
2003;102:2731-2735. doi:10.1182/blood-2002-03-0954
Undas A, Szuldrzynski K, Brummel-Ziedins KE, Tracz W,

Zmudka K, Mann KG. Systemic blood coagulation activation in
acute coronary syndromes. Blood. 2009;113:2070-2078. doi:10.11
82/blood-2008-07-167411

Ten Cate H, Hemker HC. Thrombin generation and atherothrombo-
sis: what does the evidence indicate? J Am Heart Assoc. 2016;5:
€003553. doi:10.1161/JAHA.116.003553

Merlini PA, Ardissino D, Bauer KA, et al. Persistent thrombin gen-
eration during heparin therapy in patients with acute coronary
syndromes. Arterioscler Thromb Vasc Biol. 1997;17:1325-1330.
doi:10.1161/01.ATV.17.7.1325

. Reilly PA, Lehr T, Haertter S, et al. The effect of dabigatran plasma

concentrations and patient characteristics on the frequency of
ischemic stroke and major bleeding in atrial fibrillation patients: the
RE-LY trial (randomized evaluation of long-term anticoagulation
therapy). J Am Coll Cardiol. 2014;63(4):321-328. doi:10.1016/].
jacc.2013.07.104

Southworth MR, Reichman ME, Unger EF. Dabigatran and postmar-
keting reports of bleeding. N Engl J Med. 2013;368(14):1272-1274.
doi:10.1056/NEJMp1302834

Testa S, Paoletti O, Legnani C, et al. Low drug levels and thrombotic
complications in high-risk atrial fibrillation patients treated with
direct oral anticoagulants. J Thromb Haemost. 2018;16:842-848.
doi:10.1111/jth.2018.16.issue-5

Pharmacogenomics and Personalized Medicine

Publish your work in this journal

Pharmacogenomics and Personalized Medicine is an international,
peer-reviewed, open access journal characterizing the influence of
genotype on pharmacology leading to the development of persona-
lized treatment programs and individualized drug selection for
improved safety, efficacy and sustainability. This journal is indexed

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

on

Larsen TB, Rasmussen LH, Skjoth F, et al. Efficacy and safety of
dabigatran etexilate and warfarin in “real-world” patients with atrial
fibrillation: a prospective nationwide cohort study. J Am Coll Cardiol.
2013;61(22):2264-2273. doi:10.1016/j.jacc.2013.03.020

Seiffge DJ, Traenka C, Polymeris A, et al. Feasibility of rapid
measurement of Rivaroxaban plasma levels in patients with acute
stroke. J Thromb Thrombolysis. 2017;43(1):112—116. doi:10.1007/
s11239-016-1431-7

Cavallari LH, Shin J, Perera MA. Role of pharmacogenomics in the
management of traditional and novel oral anticoagulants.
Pharmacotherapy. 2011;31:1192-1207. doi:10.1592/phco.31.12.1192
Sennesael AL, Larock AS, Douxfils J, et al. Rivaroxaban plasma levels
in patients admitted for bleeding events: insights from a prospective
study. Thromb J. 2018;12(16):28. doi:10.1186/s12959-018-0183-3
Mikli¢ M, Mavri A, Vene N, et al. Intra- and inter-individual rivar-
oxaban concentrations and potential bleeding risk in patients with
atrial fibrillation. Eur J Clin Pharmacol. 2019;75(8):1069-1075.
doi:10.1007/s00228-019-02693-2

Akhtar T, Mattumpuram J, Fugar S, et al. Factors associated with
bleeding events in patients on rivaroxaban for nonvalvular atrial
fibrillation: a real world experience. JACC. 2019;73(9). doi:10.10
16/S0735-1097(19)31079-4

Beyer-Westendorf J, Forster K, Pannach S, et al. Rates, management,
and outcome of rivaroxaban bleeding in daily care: results from the
Dresden NOAC registry. Blood. 2014;124:955-962. doi:10.1182/
blood-2014-03-563577

Zhang L, Yan X, Nandy P, et al. Influence of model-predicted
rivaroxaban exposure and patient characteristics on efficacy and
safety outcomes in patients with acute coronary syndrome. Ther
Adv Cardiovasc Dis. 2019;13:1-15. doi:10.1177/1753944719863641
Ing Lorenzini K, Daali Y, Fontana P, Desmeules J, Samer C.
Rivaroxaban-induced hemorrhage associated with ABCB1 genetic
defect. Front Pharmacol. 2016;7:494. doi:10.3389/fphar.2016.00494
Gouin-Thibault I, Delavenne X, Blanchard A, et al. Interindividual
variability in dabigatran and rivaroxaban exposure: contribution of
ABCBI genetic polymorphisms and interaction with clarithromycin.
J Thromb Haemost. 2017;15:273-283. doi:10.1111/jth.13577

Dove

the American Chemical Society’s Chemical Abstracts Service

(CAS). The manuscript management system is completely online
and includes a very quick and fair peer-review system, which is all
easy to use. Visit http://www.dovepress.com/testimonials.php to read
real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/pharmacogenomics-and-personalized-medicine-journal

Pharmacogenomics and Personalized Medicine 2020:13

submit your manuscript

37

Dove


https://doi.org/10.1160/TH10-02-0097
https://doi.org/10.1046/j.1538-7836.2003.00298.x
https://doi.org/10.1046/j.1538-7836.2003.00298.x
https://doi.org/10.1182/blood-2002-03-0954
https://doi.org/10.1182/blood-2008-07-167411
https://doi.org/10.1182/blood-2008-07-167411
https://doi.org/10.1161/JAHA.116.003553
https://doi.org/10.1161/01.ATV.17.7.1325
https://doi.org/10.1016/j.jacc.2013.07.104
https://doi.org/10.1016/j.jacc.2013.07.104
https://doi.org/10.1056/NEJMp1302834
https://doi.org/10.1111/jth.2018.16.issue-5
https://doi.org/10.1016/j.jacc.2013.03.020
https://doi.org/10.1007/s11239-016-1431-7
https://doi.org/10.1007/s11239-016-1431-7
https://doi.org/10.1592/phco.31.12.1192
https://doi.org/10.1186/s12959-018-0183-3
https://doi.org/10.1007/s00228-019-02693-2
https://doi.org/10.1016/S0735-1097(19)31079-4
https://doi.org/10.1016/S0735-1097(19)31079-4
https://doi.org/10.1182/blood-2014-03-563577
https://doi.org/10.1182/blood-2014-03-563577
https://doi.org/10.1177/1753944719863641
https://doi.org/10.3389/fphar.2016.00494
https://doi.org/10.1111/jth.13577
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

