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BACKGROUND
Pivotal clinical trials found that ticagrelor reduced ischaemic complications to a greater extent than clopidogrel, and also that the
benefit gradually increasedwith the reduction in creatinine clearance. However, the underlyingmechanisms remains poorly explored.

METHODS
This was a single-centre, prospective, randomized clinical trial involving 60 hospitalized Adenosine Diphosphate (ADP) P2Y12
receptor inhibitor-naïve patients with chronic kidney disease (CKD) (estimated glomerular filtration rate <60 ml min–1 1.73 m–2)
and non-ST-elevation acute coronary syndromes (NSTE-ACS). Eligible patients were randomly assigned in a 1:1 ratio to receive
ticagrelor (180 mg loading dose, then followed by 90 mg twice daily) or clopidogrel (600 mg loading dose, then followed by
75 mg once daily). The primary endpoint was the P2Y12 reactive unit (PRU) value assessed by VerifyNow at 30 days. The plasma
concentrations of ticagrelor and clopidogrel and their active metabolites were measured in the first 10 patients in each group at
baseline, and at 1 h, 2 h, 4 h, 8 h, 12 h and 24 h after the loading dose.

RESULTS
Baseline characteristics were well matched between the two groups. Our results indicated a markedly lower PRU in patients
treated with ticagrelor vs. clopidogrel at 30 days (32.6 ± 11.29 vs. 203.7 ± 17.92; P< 0.001) as well as at 2 h, 8 h and 24 h after the
loading dose (P < 0.001). Ticagrelor and its active metabolite AR-C124910XX showed a similar time to reach maximum con-
centration (Cmax) of 8 h, with the maximum concentration (Cmax) of 355 (242.50–522.00) ng ml–1and 63.20 (50.80–85.15) ng
ml–1, respectively. Both clopidogrel and its active metabolite approached the Cmax at 2 h, with a similar Cmax of 8.67 (6.64–27.75)
ng ml–1 vs. 8.53 (6.94–15.93) ng ml–1.

CONCLUSION
Ticagrelor showed much more potent platelet inhibition in comparison with clopidogrel in patients with CKD and NSTE-ACS.
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Platelet responsiveness to clopidogrel is poor in patients with non-ST-elevation acute coronary syndrome (NSTE-ACS)
and chronic kidney disease (CKD), and this is one of the independent factors of worse clinical outcomes in CKD patients
compared with those with normal renal function.

• Renal impairment has a minimal effect on systemic exposure to ticagrelor and its active metabolite AR-C124910XX. A
previous clinical study showed that the superiority of ticagrelor over clopidogrel on the composite ischaemic endpoint
gradually increased with the reduction in creatinine clearance.

• Pharmacodynamic/pharmacokinetic data underlying the difference between ticagrelor and clopidogrel in NSTE-ACS
patients with impaired renal function are scare.

WHAT THIS STUDY ADDS
• Ticagrelor exerted much more potent platelet inhibition compared with clopidogrel in non-ST-elevation ACS patients
with CKD.

• Neither baseline estimated glomerular filtration rate (eGFR) nor cytochrome P450 (CYP) 2C19 genotype showed a signif-
icant impact on the inhibition of platelet aggregation. In the current study, irrespective of the eGFR or the CYP2C19
genotype, platelet inhibition was mostly strong in ticagrelor-treated patients, and weak in clopidogrel-treated patients.

• Among patients with impaired renal function, the pharmacokinetics of ticagrelor was uninfluenced while the biotrans-
formation of clopidogrel might have been inhibited.

Introduction
Clinical outcomes in patients receiving clopidogrel has been
reported to be worse in the presence of chronic kidney disease
(CKD) [1, 2]. Poor platelet responsiveness to clopidogrel has
been demonstrated in patients with CKD [3–5]. Furthermore,
renal dysfunction was found to be related to reduced expres-
sion of the transporter for clopidogrel [6, 7] and weakened ac-
tivity of a series of cytochrome P450 (CYP450) genotypes,
including CYP2C19, which is critical for clopidogrel metabo-
lism [7]. Ticagrelor is a new potent Adenosine Diphosphate
(ADP) P2Y12 receptor inhibitor which undergoes extrarenal
metabolism [8]. It has been found that renal impairment
has a minimal effect on systemic exposure to ticagrelor and
its active metabolite AR-C124910XX [8]. Furthermore, a sub-
group analysis of the PLATelet inhibition and patient Out-
comes (PLATO) trial demonstrated that the superiority of
ticagrelor over clopidogrel on the composite ischaemic end-
point gradually increased with the reduction in creatinine clear-
ance [9], implying that the benefits of ticagrelor may be even
more pronounced in patients with CKD. However, in spite of
the above evidence, the pharmacodynamic (PD)/pharmacoki-
netic (PK) data underlying the difference between ticagrelor
and clopidogrel in this special population were sparse. The cur-
rent study aimed to compare the PD/PK characteristics of
ticagrelor and clopidogrel in patients with non-ST-elevation
acute coronary syndromes (NSTE-ACS) and CKD, which may
help to provide a deeper insight into the advantage of ticagrelor
vs. clopidogrel in patients with renal dysfunction.

Methods

Study population
The COmparison of The Pharmacodynamics and pharmaco-
kinetics of Ticagrelor vs. clopidogrel in patients with non–
ST-elevation acute coronary syndromes and Chronic Kidney
Disease (OPT-CKD) trial was a prospective, randomized,
open-label, single-centre study aimed at comparing the

PD/PK effects of ticagrelor vs. clopidogrel among NSTE-ACS
patients with CKD against a background of aspirin therapy
(clinicaltrials.gov identifier: NCT02578537). ADP P2Y12
inhibitor-naïve patients >18 years of age, presenting with
NSTE-ACS and an estimated glomerular filtration rate (eGFR)
<60 ml min–1 1.73 m–2, were enrolled in the Department of
Cardiology in the General Hospital of Shenyang Military Re-
gion between October 2015 and December 2016. The eGFR
was calculated according to modified glomerular filtration
rate estimating equation for Chinese patients with CKD as:
175 × [Scr (mg dl–1)]-1.234 × (age)-0.179 × 0.79 (if female) [10].
Patients were excluded if any of the following criteria were
present: cardiogenic shock; thrombolytic therapy adminis-
tered before randomization; active bleeding or bleeding pre-
disposition, including retinal or vitreous haemorrhage,
gastrointestinal or urinary tract haemorrhage, or a history of
intracranial haemorrhage or cerebral infarction; hypersensi-
tivity to ticagrelor or to any of its excipients; deep puncture
or major surgery within the previous month; untreated or un-
controlled hypertension with a blood pressure
>180/110 mmHg; a known haemoglobin level of <10 g dl–1

or platelet count <100 × 109 l–1; known moderate or severe
hepatic impairment; known aminotransferase level >3× the
upper limit of normal; known allergy to any of the study
drugs or devices (e.g. aspirin, clopidogrel, ticagrelor, stainless
steel, contrast agents); pregnancy or lactation; any condition
which might interfere with study compliance, or otherwise
unsuitable for study participation, as judged by the investiga-
tors; unwilling or unable to undergo a repeat platelet assay or
clinical follow-up. The study was approved by the ethics com-
mittee at the General Hospital of Shenyang Military Region,
and all patients provided written informed consent before
randomization.

Study design
The total duration of the study was 30 days. Eligible patients
were randomized to receive ticagrelor (180 mg loading dose,
followed by 90 mg twice daily) or clopidogrel (600 mg load-
ing dose, followed by 75 mg once daily) in a 1:1 ratio. All
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patients were given aspirin 100 mg per day unless they were
intolerant to this agent. Platelet reactive unit (PRU) value
was assessed by VerifyNow (PD testing) at predosing (0 h),
and at 2 h, 8 h, 24 h and 30 days after the loading dose of
study drug. Planned angiography was performed over 24 h
after the loading dose, followed by stent implantation,
coronary artery bypass graft or medicinal therapy only,
according to the angiography outcomes. Inhibition of plate-
let aggregation (IPA) as well as high on-treatment platelet re-
activity (HPR) at different time points were determined
according to PRU value. The plasma concentrations of
ticagrelor and clopidogrel and their active metabolites (PK
testing) were measured in the first 10 enrolled patients in
each group in the prespecified time frame of predosing
(0 h), then at 1, 2, 4, 8, 12 and 24 h after the loading dose of
study drug. The CYP2C19 genotype was also tested in all
patients, in both groups, after enrolment. Clinical follow-up
was performed at 30 days. A flow diagram of the study is
presented in Figure 1.

PD assessment by VerifyNow
Blood was collected from the antecubital vein into tailor-
made tubes that contained 3.2% sodium citrate (Greiner
Bio-One GmbH, Austria) for VerifyNow measurements.
VerifyNow is a turbidimetric-based optical detection system
that measures platelet aggregation as an increase in light
transmittance in whole blood [11]. HPR was defined as a
PRU >208 [12], and IPA in the current study was calculated
as follows, where b is baseline, and t is the time point after
the loading dose: IPA (%) = 100% ×PRUb�PRUt

PRUb
.

PK assessment
Blood was collected from the antecubital vein into vacutainer
tubes (Improvacuter®, Guangdong, China) that contained
2 mg ml–1 ethylenediamine tetra-acetic acid (EDTA) K2. The
plasma concentration of ticagrelor and its active metabolite AR-
C124910XX was determined using the high-performance liquid
chromatography–tandem mass spectrometry (HPLC-MS/MS)
system (Agilent, Santa Clara, CA, USA), as previously described
by Sillén et al. [13]. 25 μl 2-bromo-3-methoxyacetophenone
(Sigma-Aldrich, St Louis, MO, USA) solution (500 mM) was
added at the time of each blood sample collection for detection
of clopidogrel and its activemetabolite-derivatized (CAMD) con-
centrations, determined by HPLC–MS/MS (Agilent), as
previously described [14]. The maximum concentration (Cmax)
and time to reach Cmax (Tmax) were established directly from
the measured plasma concentration for each patient and pre-
sented as medians with interquartile range.

Sample size calculation and statistical analysis
The primary endpoint was the PRU assessed by VerifyNow at
30 days after the loading dose. Assuming a 30-day average
PRU of 264 with a standard deviation (SD) of 60 in the
clopidogrel arm, and allowing for 15% of patients being lost
to follow-up, with a two-sided alpha of 0.05, 30 patients per
group would provide at least 90% power to demonstrate an
absolute reduction of 80 on PRU with ticagrelor. All analyses
were by intent-to-treat. Categorical variables are expressed
as frequencies and percentages, and compared using the χ2

or Fisher exact test. For baseline characters, continuous vari-
ables are expressed as mean ±SD and compared using the
t-test. The PRU as well as the IPA of ticagrelor vs. clopidogrel

Figure 1
Flow chart of the COmparison of The Pharmacodynamics and pharmacokinetics of Ticagrelor vs. clopidogrel in patients with non–ST-elevation acute
coronary syndromes and Chronic Kidney Disease (OPT-CKD) trial. Eligible patients were randomly assigned in a 1:1 ratio to receive ticagrelor or
clopidogrel (R 1:1). ASA, aspirin; CKD, chronic kidney disease; CLO, clopidogrel; CYP, cytochrome P450; eGFR, estimated glomerular filtration rate;
HPR, high on-treatment platelet reactivity; IPA, inhibition of platelet aggregation; LD, loading dose; NSTE-ACS, non-ST-elevation acute coronary syn-
dromes; PRU, platelet reactive unit; qd, once daily; TIC, ticagrelor *Plasma concentrations of clopidogrel, clopidogrel active metabolite-derivatized
(CAMD), ticagrelor and its active metabolite AR-C124910XX were assessed predose and 1, 2, 4, 8, 12 and 24 h after the loading dose
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were presented as the mean ±SE and analysed by the
Wilcoxon rank sum test. Cmax and Tmax were expressed as me-
dian and interquartile range (Percentiles 25 -Percentiles 75).
The correlations between baseline eGFR and CYP2C19 geno-
type with 30-day IPA were analysed by linear regression.
Statistical analyses were performed using SPSS version 22.0
(SPSS, Chicago, IL, USA) and P-value of <0.05 was considered
statistically significant.

Results

Patient enrolment
Between October 2015 and December 2016, a total of 60
eligible patients were enrolled in the present study, with
23.3% and 30.0% of patients indexed for non-ST-elevation
acute myocardial infarction in the ticagrelor and clopidogrel
groups, respectively (P = 0.559). The average eGFR was
45.5 ± 12.3 ml min–1 1.73 m–2 vs. 45.8 ± 10.3 ml min–1

1.73m–2 in the ticagrelor and clopidogrel groups, respectively
(P = 0.916). The study patients also had a similar distribution
of the CYP2C19 genotype, presentedmainly with an interme-
diate metabolizer (ticagrelor vs. clopidogrel, 53.3% vs. 63.3%,
P = 0.432). Other baseline characteristics were also generally
matched between the two groups (Table 1).

Platelet inhibition exerted by ticagrelor vs.
clopidogrel
Baseline eGFRs were well matched in patients treated with
ticagrelor or clopidogrel (P = 0.916). The PRUs at different
time points within 24 h were assessed in all 60 enrolled pa-
tients. The primary endpoint of 30-day PRU was accessed in
57 patients (three patients died during follow-up; see Table
S1) and wasmarkedly lower in patients treated with ticagrelor
compared with clopidogrel (32.6 ± 11.29 vs. 203.7 ± 17.92;
P < 0.001) (Figure 2A). A significantly lower PRU in the
ticagrelor group could also be observed at each time point
within 24 h after the loading dose (P < 0.001 at 2 h, 8 h and
24 h) (Figure 2A). Comparable results were found when the
PRU value was converted to a percentage of IPA. The mean
IPA in the ticagrelor group was significantly higher than that
in the clopidogrel group at 30 days, as well as at different time
points after the loading dose (P < 0.001) (Figure 2B). The IPA
within the ticagrelor group was marginally above 80% at 8 h and
was maintained to 30 days; in the clopidogrel group, the mean
IPA was only approximately 20% from 8 h after the loading dose
until the end of the study (Figure 2B). HPR was also assessed
(Table 2), and it was found that almost 60% of
clopidogrel-treated patients had HPR at 30 days, whereas only
one case of HPR was observed in the ticagrelor group at 24 h,
and none at the end of the study(0% vs. 58.6%; P < 0.001).

The impact of baseline eGFR and CYP2C19
genotype on the inhibition of platelet
aggregation
Among patients treated with ticagrelor, the IPA was mostly
maintained above 80%, irrespective of whether the eGFR
level was almost 60 mlmin–1 1.73 m–2 or declined to less than
30 ml min–1 1.73 m–2, showing no correlation with renal

function (R2 = 0.063; P = 0.179) (Figure 3A); a similar relation-
ship was found in the clopidogrel group, with IPA mostly be-
low 40% (R2 = 0.077; P = 0.138) (Figure 3A). A poor IPA was
also found in clopidogrel-treated patients, with a variety of
CYP2C19 genotypes, and therefore revealed no significant
correlation (R2 = 0.037; P = 0.312) (Figure 3B).

The pharmacokinetics of the clopidogrel and
ticagrelor in patients with impaired renal
function
The PK characteristics of clopidogrel and ticagrelor were stud-
ied in a subgroup of the first 10 enrolled patients in each
group. Both clopidogrel and CAMD approached Cmax at 2 h
[time to Cmax, 2.00 (2.00–4.00) h vs. 2.00 (1.75–4.00) h] and
showed a similar Cmax of 8.67 (6.64–27.75) ng ml–1vs. 8.53
(6.94–15.93) ng ml–1 (Figure 4A,B). It also showed a similar
Tmax [8.00 (2.00–10.00) vs. 8.00 (5.00–12.00)] between
ticagrelor and its active metabolite AR-C124019XX with a
Cmax of 355 (242.50–522.00) ng ml–1 and 63.20 (50.80–
85.15) ngml–1, respectively (Figure 4C,D). In addition, the re-
lationship between Cmax and 24 h IPA was also analysed.
Among patients with PK data, 24 h IPA was 92.11 ± 3.18 in
the ticagrelor group and 18.51 ± 6.29 in the clopidogrel
group. We found no significant correlation between Cmax

and 24 h IPA in either ticagrelor group (ticagrelor: R2 =
0.187, P = 0.245; AR-C124910XX: R2 = 0.045, P = 0.572), or
clopidogrel group (clopidogrel: R2 = 0.014, P = 0.741;
CAMD: R2 = 0.062, P = 0.487).

Discussion
The current study compared the PD/PK characteristics be-
tween ticagrelor and clopidogrel in NSTE-ACS patients com-
plicated with CKD (eGFR <60 ml min–1). Our data showed
that ticagrelor exerted a much more potent platelet inhibi-
tory effect than clopidogrel. In addition, irrespective of the
eGFR level and the genotype, platelet aggregation was more
potently inhibited in patients treated with ticagrelor com-
pared with clopidogrel. Furthermore, this preliminary PK re-
sult implied that renal dysfunction significantly suppressed
the biotransformation of clopidogrel, but showed no impact
on the generation of the ticagrelor active metabolite.

Renal dysfunction has been reported to interfere signifi-
cantly with the expression and activities of critical enzymes,
CYP2C19 and paraoxonase 1, which mediate the biotransfor-
mation of clopidogrel [6, 15]. Furthermore, a number of lines
of evidence have strongly suggested that platelet responsive-
ness to clopidogrel is markedly suppressed in patients with
CKD [3, 4], which might contribute to the worse clinical out-
comes found in a population with impaired renal function
[16]. By contrast, ticagrelor, a new potent ADP P2Y12 inhibi-
tor, is a direct-acting agent, with no need for biotransforma-
tion in vivo [7], which therefore might overcome the adverse
impact of renal dysfunction. In fact, a subgroup analysis of
the PLATO trial demonstrated that the superiority of
ticagrelor over clopidogrel gradually increased with the de-
cline of creatinine clearance [8]. However, there have been
sparse PD and PK data to gain a deeper insight into the
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Table 1
Basic characteristics of the study

Ticagrelor (n = 30) Clopidogrel (n = 30) P-value

Age, mean (SD), years 69.7 ± 7.7 65.1 ± 10.9 0.072

Male, No. (%) 17 (56.7) 18 (60.0) 0.793

BMI, mean (SD), kg m–2 23.9 ± 3.8 25.5 ± 3.9 0.114

Type of NSTE-ACS

UA 23 (76.7) 21 (70.0) 0.559

NSTEMI 7 (23.3) 9 (30.0) 0.559

Medical history, No. (%)

Current smoker 6 (20.0) 9 (30.0) 0.376

Hypertension 26 (86.7) 28 (93.3) 0.398

Diabetes 13 (43.3) 17 (56.7) 0.304

Hyperlipidaemia 17 (56.7) 19 (63.3) 0.605

CHF 5(16.7) 4(13.3) 0.718

Previous

PCI 5 (16.7) 7 (23.3) 0.523

CABG 2 (6.7) 2 (6.7) 1.000

Myocardial Infarction 6 (20.0) 6 (20.0) 1.000

Current therapy

PCI 15(50.0) 9(30.0) 0.114

CABG 6(20.0) 4(13.3) 0.448

Medicine only 9(30.0) 17(56.7) 0.037

Medication

Diuretics 10(33.3) 11(36.7) 0.787

Nitrate 24(80.0) 23(76.7) 0.754

ACEI/ARB 17(56.7) 19(63.3) 0.598

Statin 30(100.0) 30(100.0) ----

CYP2C19 genotype, No. (%)

Extensive 9 (30.0) 9 (30.0) 1.000

Intermediate 16 (53.3) 19 (63.3) 0.432

Poor 5 (16.7) 2 (6.7) 0.421

eGFR (ml min–1 1.73 m–2)

Admission 45.5 ± 12.3 45.8 ± 10.3 0.916

30-day 40.8 ± 13.2 44.1 ± 20.9 0.518

Haemoglobin, g dl–1 129.07 ± 18.44 123.53 ± 15.03 0.208

Anaemiaa 8 (26.7) 6 (20.0) 0.542

Platelet count, 100 × 109 l–1 218.67 ± 68.79 231.07 ± 61.17 0.464

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, body mass index; CABG, coronary artery bypass graft;
CHF, chronic heart failure; CYP, cytochrome P450; eGFR, estimated glomerular filtration rate; NSTE-ACS, non-ST-elevation acute coronary syn-
dromes; NSTEMI, non-ST-segment elevation myocardial infarction; PCI, percutaneous coronary intervention; SD, standard deviation; UA, unstable
angina
aAnaemia was defined as a haemoglobin level less than 120 g l–1 for men or less than 110 g l–1 for women
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Figure 2
Platelet reaction units (A) and inhibition of platelet aggregation (B)
by protocol time and treatment. Data are expressed as mean ± stan-
dard error *P < 0.001, ticagrelor vs. clopidogrel

Table 2
HPR assessed at different time points after the loading dose of clopidogrel or ticagrelor

Ticagrelor (n = 30) Clopidogrel (n = 30) P

2 h after loading 11 (36.7) 22 (81.5) 0.001

8 h after loading 1 (3.3) 19 (65.5) <0.001

24 h after loading 1 (3.3) 16 (57.1) <0.001

30 days after loading 0 (0)a 17 (58.6)b <0.001

HPR, high on-treatment platelet reactivity, defined as platelet reaction unit value above 208
an = 28
bn = 29

Figure 3
Correlation between baseline estimated glomerular filtration rate
(eGFR) (A) and cytochrome B450 2C19 genotype (B) and 30-day in-
hibition of platelet aggregation in non-ST-elevation acute coronary
syndromes patients with chronic kidney disease. EM, extensive
metabolizer; IM, intermediate metabolizer; PM, poor metabolizer
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difference between ticagrelor and clopidogrel in patients with
impaired renal function.

The current study was the first to compare the efficacy of
platelet inhibition between ticagrelor and clopidogrel in
NSTE-ACS patients with moderate to severe renal dysfunction.
Beginning with an equal baseline PRU in the two groups, we
found a markedly lower PRU in patients on ticagrelor vs.
clopidogrel at the primary endpoint of 30 days, as well as at
2 h, 8 h and 24 h after the loading dose, which clearly demon-
strated a muchmore potent effect of ticagrelor on platelet inhi-
bition among patients with CKD. More importantly, the
current results on IPA (stable at around 80% from 8 h after the
loading dose until the end of study at 30 days) in the ticagrelor

group was similar to those found in the HOUYI study [17], a
subgroup analysis that recruited 60 hospitalized Chinese
patients with ACS (no special limitation on eGFR) from five
centres and showed that the ticagrelor IPA approached 68.4%
at 8 h, and increased and stabilized at about 80% from24h after
the loading dose until the end of the study at the sixth week. In
addition, the HPR rate in the ticagrelor group in the current
study (3.3% at 24 h and 0% at 30 days) was also similar to that
reported previously in patients with no limitation on eGFR
[18]. According to the above evidence, we might conclude that
the inhibitory effect of ticagrelor on platelets remains consis-
tent in patients with renal dysfunction compared with those
with normal renal function.

Figure 4
Overview of clopidogrel and ticagrelor pharmacokinetics on day 1. Plasma concentrations of clopidogrel (A), clopidogrel active metabolite-
derivatized (CAMD) (B), ticagrelor (C) and its active metabolite AR-C124910XX (D) were measured before and 1–24 h after the administration
of a loading dose of 600 mg clopidogrel or 180 mg ticagrelor. Maximum concentration (Cmax) and time to reach Cmax (Tmax) were established
directly from the measured plasma concentration of each patient and presented as medians with interquartile range. Individual data are also
shown, and the pharmacokinetic trend was demonstrated via the connecting curves of mean values
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In contrast to the finding in the ticagrelor group, we found
renal dysfunction to have a clear effect on clopidogrel action in
our study patients. We noted that the IPA rose to only about
25% at 30 days, with HPR observed in 58.6% of patients.
Clopidogrel resistance due to the loss-of-function CYP2C19 ge-
notype would have only partially explained the present results,
as only 6.7% of patients in the clopidogrel groupwere found to
be poor metabolizers. Moreover, clopidogrel was previously re-
ported to reach a 50–70% inhibition of ADP-induced platelet
aggregation in Chinese patients undergoing a percutaneous
coronary intervention who were extensive or intermediate
metabolizer of CYP2C19 [19]. Our results thus implied that
the inhibitory effect of clopidogrel on platelets might be down-
regulated by renal dysfunction. Notably, however, neither
eGFR nor CYP2C19 genotype had an impact on the 30-day
IPA according to the correlation analysis in both the
clopidogrel and ticagrelor groups, for completely different rea-
sons. In patients on clopidogrel, it was the prevalent poor plate-
let inhibition (mostly at around 20%) that eliminated the
linear correlation, which suggested that, among patients with
moderate to severe CKD, even an eGFR of almost 60 ml min–1

or being an extensive metabolizer of CYP2C19 might not help
to improve the responsiveness to clopidogrel. By contrast, the
30-day IPA in patients on ticagrelor was generally at a high level
of nearly 80%, which therefore indicated independence of re-
nal function and the CYP2C19 genotype.

Although there was no control group with normal renal
function, the PK results in the current trial might also provide
preliminary evidence demonstrating a difference in the im-
pact of renal dysfunction on the metabolism of ticagrelor
and of clopidogrel by comparing our results about the PK of
ticagrelor and clopidogrel in the patients of impaired kidney
function with those of nomal kidney function in the previous
reported trials. We found that the difference in the Cmax of
ticagrelor vs. its active metabolite AR-C124910XX was com-
parable with that reported in patients with no special limita-
tion on eGFR [16, 20], suggesting that the metabolism of
ticagrelor underwent no obvious change in patients with im-
paired renal function. Conversely, the activation of
clopidogrel in the present study was found to deviate from
that in published trials in patients with an unlimited eGFR.
Previous studies have reported the Cmax values of CAMD (or
H3, H4) to be significantly higher than those of clopidogrel
[14, 21, 22]. However, our results showed the Cmax of CAMD
to be similar to that of clopidogrel, implying that the bio-
transformation of clopidogrel might be inhibited to some de-
gree in patients with moderate to severe CKD. Further studies
comparing the PK characteristics in patients with different
levels of eGFR are needed to illustrate better the role of renal
function in the metabolism of clopidogrel, as well as
ticagrelor. Ticagrelor has also been described to approach
Cmax and/or IPA 2 h after the loading dose in previous studies
[11, 20]. However, the PD and PK characteristics of ticagrelor
in these trials were evaluated in patients with stable coronary
artery disease, whereas patients enrolled in the current study
presented with NSTE-ACS. Ethnic differences might be an-
other potential factor involved in the metabolism of
ticagrelor. Another relevant trial [17] enrolled a similar popu-
lation of Chinese ACS patients to that in the present study
(52.6% NSTE-ACS, 47.4% ST-elevation myocardial infarc-
tion) and found that IPA within the ticagrelor group

approached 68.4% at 8 h, and further increased to 78.0% at
24 h (the significance of the difference in IPA at 8 h vs. 24 h
was not shown). In addition, as PK data were assessed in only
10 patients in the present trial, the small number of observa-
tions and the outlier (a value of ticagrelor concentration
around 660 ng ml�1 at 8 h) might also have contributed to
this discrepancy and made the difference.

Limitations
The first limitation of the present study was that it had a small
sample size for determining PD differences between ticagrelor
and clopidogrel, so had insufficient power to detect differ-
ences in clinical outcomes (Table S1). Secondly, There were
too few sampling time points – e.g. omitting the time points
of 1 h and 4 h after the loading dose. In addition, carrying
out another platelet reactivity test (e.g. the vasodilator-stimu-
lated phosphoprotein (VASP) index) and analysing the
strength of the correlation between the results of different
testing methods would have further reinforced the conclu-
sions obtained with the VerifyNow assay. Finally, as the PK
data were assessed in only 10 patients, the conclusion
reached regarding the biotransformation of clopidogrel was
suitable only for hypothesis generating and requires further
confirmation by a larger PK study.

Conclusion
Ticagrelor exerted a much more potent inhibitory effect on
platelet aggregation than clopidogrel in NSTE-ACS patients
with moderate to severe CKD.
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