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Abstract.  The effects CYP2C19 genetic variation in patients with acute coronary syndrome (ACS) and 

chronic kidney disease (CKD) remain unclear. Here we present the rationale, design and the primary data 

of the sub-study of PACS-RI trial (NCT03044990) which explores the prognostic value of CYP2C19 

polymorphism in patients with ACS and CKD for the first time. And we would provide physicians with 

real-time data to understand more about the risk factors influencing the prognosis of patients with ACS 

and CKD. 
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1.       Introduction   

 

Platelet plays an important role in the occurrence and development of ACS and 

other post-percutaneous coronary intervention (PCI) secondary cardiovascular events 

because of the thrombosis caused by its activation and aggregation. When patients are 

using PCI treatment, the application of anti-platelet agents is important to implement 

PCI successfully and reduce postoperative thromboembolic complication (Garg et al., 

2015). However, many post-PCI patients with ACS using standard dual antiplatelet 

therapy still have thrombotic events because clinical responses to clopidogrel are highly 

variable between patients. Gene and clinical feature would influence the response to 

clopidogrel separately, but what impact would have on patients’ clinical outcomes when 

they are combined? 

In this substudy of PACS-RI (NCT03044990), we aim to observe the proportion 

of CYP2C19 LOF allele(s) in ACS patients with and without CKD, and major adverse 

cardiac event in ACS patients complicated with CKD from view of CYP2C19 gene 

polymorphism. And we are desirous to provide a basis for selecting the best P2Y12 

inhibitor for the individual patient in the future. This article describes the rationale, 

design, and methods that underlie the effort to explore the prognosis of patients with 

ACS and CKD with different CYP2C19 genotype. 
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2.      Rationale 

 

The hepatic CYP2C19 enzyme contributes to the metabolism of many clinically 

relevant drugs. Common single nucleotide polymorphism of the CYP2C19 genetic 

variation involved in clopidogrel absorption and bioactivation, whose frequency varies 

from 30% to 55% of the population depending on ethnic group and genetic background 

(Desta et al., 2002). And loss-of-function CYP2C19 allele (*2, *3, *4, *5, *6, *7, and 

*8) is associated with an increased risk of ischaemic events and stent thrombosis 

(Shuldiner et al., 2009; Collet et al., 2009). The Relationships between genotype and 

predicted phenotype are showed in Table 1. 
 

Table 1. Genotype and predicted phenotype 

 
Common CYP2C19 Genotypes phenotype     

*1/*17, *17/*17                                         Ultrarapid metabolizer(UM): normal or increased 

activity (~5-30% of patients) an individual carrying two 

increased-activity alleles (*17),or one functional allele 

(*1) plus one increased-activity allele (*17) 

*1/*1                    Extensive metabolizer (EM): homozygous wild-type or 

normal activity (~35-50% of patients)an individual 

carrying two functional (*1) alleles  

*1/*2, *1/*3,*2/*17         Intermediate metabolizer (IM): heterozygote or 

intermediate activity (~18-45% of patients)an individual 

carrying one functional allele (*1) plus one loss-of-

function allele (*2-*8) 

*2/*2, *2/*3,*3/*3         Poor metabolizer (PM): homozygous variant, mutant, 

low, or deficient activity (~2-15% of patients)an 

individual carrying two loss-of-function alleles (*2–*8) 

 

Renal function affects platelet performance too. Previous research (Park et al., 2009) 

reported that the patients with CKD exhibited the reduced platelet aggregation inhibitor 

action induced by clopidogrel and the antiplatelet effects were not ameliorated even 

with a double dose of clopidogre. Muller et al., 2012 reported that the frequency of 

clopidogrel resistance increases as the renal function decreases. Although the reasons 

why the antiplatelet effects of clopidogrel are decreased in CKD patients remain 

unclear, several mechanisms can be raised as drug metabolism and platelet turnover 

(Linthorst et al., 2002). Besides, Animal experiments revealed that liver cytochrome 

P450 isoforms are decrease in rats with CRF (Leblond et al., 2001). Which reminds that 

there is a common target---liver cytochrome P450 in both CKD and CYP2C19 LOF-

allele(s), how do they perform together? 

This substudy is a part of the prospective, muti-center, real-world trial-PACS-RI. 

Briefly, the PACS-RI study was to investigate the prognosis of ACS patients with CKD 

by the Henan institute of cardiology epidemiology and designed as a prospective, muti-
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center, cohort study. The PACS-RI study has been registered on ClinicalTrials.gov 

(NCT03044990) and has gained the approved by the local ethics committee: Medical 

Ethics Committee of Henan Provincial People's Hospital, the Approval Number: 

2016(039). And now we are at the stage of collecting case data and following up. As for 

this substudy, it’s a very important part of the whole trial. Not only the CYP2C19 gene 

type contribute a lot to the prognosis of ACS patients with CKD, which is an essential 

factor we should consider, but also this substudy has its own significance, which to be 

the first to investigate the impact of CYP2C19 gene type on the prognosis patients with 

ACS and CKD in real-world. 

 

3.       Design and methods 

 

The study has 4 phases: (1) preliminay phase, (2) recruite and collect, (3) follow-

up, (4) data analysis. A flowchart of the trial is shown in Figure 1. 

 

 
 

Fugure 1. Flowchart of study design 

 

Preliminay phase to tailor the design 

 

ACS is defined according to the 2012 ESC guideline. The inclusion and exclusion 

criteria are listed in Table 2. The sample size calculation was used the method of 

comparison of two independent sample rates and based on the estimated events rate 

from previous study. The estimated rate primary end point in normal renal function 

group is 2.8%, renal dysfunction is 7.9% (Mehran et al., 2009). To achieve a precision 
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of 15% with α of 0.05, the loss ratio of following-up is 10%. What’s more, considering 

we would carry out a subgroup analysis based on the CYP2C19 genotype, the sample 

size is doubled to be 2000 finally. 

 
Table 2. Inclusion and exclusion criteria 

 

Criteria 

Inclusion Criteria: 

1.Age≥18 years. 

2.Patients with clinical evidence of acute coronary syndrome, including ST 

segment elevation myocardial infarction (STEMI), non ST segment elevation myocardial 

infarction (NSTEMI) and unstable angina. 

3.Informed consent signed by patients or legal guardians. 

Exclusion Criteria: 

1. Non-atherosclerotic coronary heart disease 

2.Organ failure other than heart failure and kidney failure 

3.Considered not fit for the study due to other reasons, including but not restricted 

to: a. Severe infection; b. cachexia;c.maintenance hemodialysis. 

 

Besides, because the distribution of patients with renal insufficiency has certain regional 

differences, we also did some extra work to ensure the accuracy of the sample size and 

made a preliminary understanding of the characteristics of this population. We 

retrospectively collected data of 1002 patients with diagnosis of ACS in Henan Province 

People’s Hospital from January 2016 to October 2016 as a pretesting before the study. 

 

Patient Recruitment and data collection  

Patients were recruited continuously during hospitalization in the Henan 

Provincial People's Hospital, the Department of Cardiology in the First Affiliated 

Hospital of Zhengzhou University and so on (total 7 hospitals) from January 2017. The 

eligible patients were talked about the study procedures, potential risks/benefits and 

signed the informed consent if they agree to involve. Investigator enrolled participants 

then completed the case report form(CRF). The CRF was designed by the authors and 

revised by the investigators in all the 7 hospitals, which mainly collect the disease 

characteristics, examination results, diagnosis and treatment process, such as patients’ 

serum creatinine, electrocardiogram, CYP2C19 genotype, using drugs and so on. All 

treatments was administered according to the local protocols and be at the discretion of 

the treating physician to actualize real-world research. Genotype would be tested by 

using the TaqMan real-time PCR method. 

In the data collection process, we have some strong monitory measures to ensure 

data quality and authenticity. After completing of collection patients and filling in of the 

CRFs, Epidata would be used to input data into computer. Double entry by two different 

group people will be used to make sure the data is accuracy. And Henan Institute of 

Cardiology Epidemiology is responsible for the data quality control. 

 

Follow-up 

Through telephone, hospital review or home visit, all efficacy and safety end 

points occurring during the follow-up in-hospital,6-mouth,1-year will be recorded by 

the investigators in CRFs. Besides, we used wei-chat as a tool to contact with patients 

and spread of health education in the circle of friends.  
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In this substudy, the primary end point is defined as the major adverse 

cardiovascular and cerebrovascular events (MACE) composite of all-caused death, 

nonfatal-myocardial infarction, and stroke. Secondary end points are as follows: 1. 

Coronary revascularization, including PCI, coronary artery bypass grafting and 

thrombolytic therapy. 2. Re-hospitalization, whatever the cause is. 3. Renal-Replaced 

therapy, including dialysis and kidney transplant. 4. Bleeding according to GUSTO 

bleeding grade: a. severe or life-threatening if they were intra-cerebral or if they resulted 

in substantial hemodynamic compromise requiring treatment. b. moderate bleeding was 

defined by the need for transfusion. c. minor bleeding referred to other bleeding, not 

requiring transfusion or causing hemodynamic compromise.(excluding hemorrhage 

stroke). 5. Cardiogenic shock, defined by marked and persistent (>30 minutes) 

hypotension (systolic arterial pressure <80 mm Hg), marked reduction of cardiac index 

(<1.8 L/min per square meter) in the face of elevated left ventricular filling pressures 

(pulmonary capillary wedge pressure >18 mm Hg). 6. Newly occurred arrhythmias, 

such as atrial fibrillation, ventricular tachycardia and so on, which can influence the 

hemodynamics. 

 

Data analysis 

Patients will be divided to normal renal function and renal insufficiency according 

to the glomerular filtration rate (eGFR), and renal insufficiency is assessed as eGFR<90 

mL/min/1.73 m
2
 (CKD stage 2-4) (2005). In order to achieve the research purpose, each 

group will be categorized into two subgroups due to theirCYP2C19 gene types. In this 

way, the eligible patients will be assigned to 4 groups: A. patients with CKD and 

CYP2C19 LOF alleles, B. patients with CKD without CYP2C19 LOF alleles, C. 

patients with CYP2C19 LOF alleles without CKD and D. patients without CKD or 

CYP2C19 LOF alleles. 

Analyses will be done with SPSS (version 17.0). For consistency with the main 

trial analyses, the Gehan-Wilcoxon test will be used for the primary efficacy endpoint 

and log-rank for other endpoints. Event rates will be expressed as Kaplan-Meier 

estimated at 12 months. Hazard ratios and 95% CIs will be calculated on the basis of 

Cox proportional hazards regression models with renal function and genotype as 

stratification factor. Two-sided p values will be calculated to test for differences in 

cardiovascular event rates between patients stratified by genotype and renal function. 

 

Current status 

The first patient was enrolled in Jan 2017. Until now, more than 1000 patients 

were enrolled in Sep 1, 2017. Currently, 7 study centers are actively enrolling patients, 

and recruitment of the last patient is expected in Nov 2017. Baseline characteristics of 

those patients unable to shown because our plan is to unified input data to computer by 

double entry when the follow-up finished. About the 1002 pretest patients, baseline 

characteristics of those patients are shown in Tab.3. 

 
Table 3. Baseline characteristics of pretest patients 

 
 Normal renal 

function 

(N=501) 

CKD 3-5 

stage(N=501)                    

P 

Gender(male)* 

Age(year)* 

381 (76%) 

56.79±1.44 

303(60%) 

64.82±1.28 

0.047 

0.000 
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Drinking 

Smoking* 

High(cm) 

Weight(kg) 

BMI(kg/m
2
) 

HR(beats/min)  

SBP(mmHg) 

DBP(mmHg) 

Serum creatinine(Scr,umol/L)* 

eGFR(mL/min/1.73 m
2
)* 

CysC*(mg/l) 

PCI history* 

Diabetes mellitus history 

Hypertension history 

Diagnosis* STEMI 

NSTEMI 

UAP 

198(39.52) 

254(50.70) 

166.18±1.37 

71.27±1.58 

24.87±1.03 

77.52±10.50 

132.94±2.48 

82.78±1.60 

58.79±9.59 

72.13±1.37 

0.93±0.88 

56(11.18) 

169(33.73%) 

240(47.90%) 

106(21.16%) 

35(6.99%) 

360(71.86%) 

141(28.14) 

169(33.73) 

164.79±1.07 

79.33±7.18 

28.31±2.91 

76.24±15.83 

137.54±2.70 

91. 52±1.03 

99.01±7.48 

45.45±1.80 

1.13±0.53 

148(29.54) 

162(32.33%) 

310(61.88%) 

78(15.57%) 

49(9.78%) 

374(74.65%) 

0.156 

0.041 

0.256 

0.401 

0.274 

0.569 

0.110 

0.923 

0.000 

0.000 

0.000 

0.007 

0.858 

0.092 

0.031 

CysC: Cystatin-C; HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: 

body mass index *P<0.05 

 

Comments 

CYP2C19 gene polymorphism is one of the major causes of clopidogrel response 

variability (Mega & Simon, 2015; Tantry et al., 2014; Kim et al., 2008), patients with 

LOF alleles appear to have excess cardiovascular risk and mortality when using 

standard clopidogrel-treated (Mega et al., 2010). Meta-analysis indicates that CYP2C19 

genetic variants are associated with almost 1 in 3 patients receiving less protection from 

ischemic events when treated with standard doses of clopidogrel for PCI. And among 

those patients, carriage of even 1 reduced-function CYP2C19 allele appears to be 

associated with a significantly increased risk of major adverse cardiovascular events, 

particularly stent thrombosis (ST). The US Food and Drug Administration had laid 

stress on the CYP2C19 genetic information in the form of a boxed warning noting that 

carriers of two LOF CYP2C19 alleles have a diminished response to standard doses of 

clopidogrel in the updated clopidogrellabe. And Chinese Guideline also had pointed out 

that LOF CYP2C19 allele is associated with high on-treatment platelet 

reactivity(HTPR) in clopidogrel treatment, increasing the risk of thrombotic adverse 

events in patients with drug-eluting stents (DES) according to the Chinese clinical trial 

(Liang et al., 2013). 

On the other hand, impaired renal function is associated with reduced clopidogrel-

induced antiplatelet effects and a greater prevalence of HTPR (Park et al., 2009; 

Angiolillo et al., 2010). Patients with CKD present with significant risk of thrombotic 

complications(Go et al., 2004). Platelet’s responsiveness to clopidogrel decreased more 

in patients with CKD than in those with normal renal function, and this decreased 

platelet responsiveness to clopidogrel was not improved by an increase in the 

clopidogrel dosage. Morel et al (Go et al., 2004) suggested that in CKD patients, the 

presence of low platelet response to clopidogrel is associated with worse outcomes after 

PCI, and in no-CKD patients, the low platelet response status did not affect outcomes 

conversely, but their evaluation of the responsiveness to clopidogrel was the 

Vasodilator-stimulated phosphoprotein (VASP) phosphorylation assay rather than gene 

type. A single-blind, crossover study indicated that in hemodialysis patients, the loss-of 

function CYP2C19*2 allele not seems to influence the effect of prasugrel 10 mg every 

day to achieve adequate platelet inhibition (Alexopoulos et al., 2011).  
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A recent search showed that cardiovascular deaths attributed to reduced GFR 

outnumbered ESRD deaths throughout the world by 2013 (Thomas et al., 2017). 

Cardiovascular protection play important role to improve the survival of patients with 

renal disease. However, there are obviously less and slower research prognosis for renal 

insufficiency patients. For patients with normal renal function, more and more concern 

have been focus on the individualized treatment depended on the CYP2C19 genotype. 

When patients have CYP2C19 LOF alleles, they would be considered to use prasugrel, 

ticagrelor or high-dose clopidogrel. Although the effects haven’t yet to be confirmed, 

there is some preliminary evidence to support the view. Just like Ticagrelor, a new 

generation oral, reversible platelet inhibitor that binds directly to the P2Y12 receptor 

and does not need metabolic activation for pharmacodynamic activity, it is not 

influenced byCYP2C19 polymorphism. US Food and Drug Administration and Clinical 

Pharmacogenetics Implementation Consortium both recommend ticagrelor for patients 

with CYP2C19 LOF allele(s)(Scott et al.,2011). Chinese guideline indicated ticagrelor 

for patients with renal insufficiency. 

While for patients with renal insufficiency, there has been little attention on the 

genetic polymorphism of CYP2C19 in patients with CKD, and hardly any attention to 

the effect of CYP2C19 polymorphism on their long-term prognosis. Patients with CKD 

represent a therapeutic dilemma (Kimura et al.,2012; Huang et al., 2014) increased risk 

to clot but also increased risk to bleed. What’s more, CKD and ESRD are independent 

risk factors for clopidogrel resistance; 50-80% of patients with ESRD have high on-

treatment residual platelet reactivity when treated with clopidogrel, and that is not 

changed with 75 mg or 150 mg of clopidogrel (Park et al.,2009; Woo et al. ,2011). Are 

there more CYP2C19 LOF alleles in patients with CKD than those without CKD? How 

does CYP2C19 genetype affect the prognosis of patients with renal insufficiency? 

Whether CYP2C19 genetype can be used in tailoring the suitability of clopidogrel 

treatment in patients, especially patients with CKD? And whether ticagrelor is another 

good choice for patients with CKD? There are many following questions need to be 

solve. 

Given all that, it’s essential to explore the impact of CYP2C19 polymorphism on 

the prognosis of patients with ACS and CKD. There is an ongoing need for personalized 

antiplatelet therapy for patients. With the tendency of bleeding and thrombosis, 

individual antiplatelet therapy for patient with renal insufficiency has much more 

significance. More effective platelet-inhibiting strategies in patients with CKD and 

CYP2C19 LOF alleles are needed. Clinicians should consider individual risk factors and 

medication characteristics to tailor the antiplatelet regimen and improve cardiovascular 

outcomes in this population. Our observational study by properly designed is needed to 

explore the role of CYP2C19 polymorphism in patients with CKD, and build a 

foundation to establish appropriate therapeutic strategies for them to improve clinical 

outcomes. 

 

Summary 

The prospective, muticenter, real-world study is the first large-scale randomized 

clinical trial to assess the net clinical benefit and safety of CYP2C19 genotype in 

patients with ACS and CKD. 
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