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Aim: We performed a systematic review and meta-analysis to compare the efficacy

and safety of ticagrelor and prasugrel with those of clopidogrel in CYP2C19 reduced-

metabolizers.

Methods: PubMed, Cochrane and Web of Science were systematically searched for

randomized controlled trials or cohort studies up to January 2020. The primary end-

point was major adverse cardiovascular events (MACE), including cardiovascular

(CV) death, all-cause death, myocardial infarction (MI), stent thrombosis and stroke.

The secondary endpoint was bleeding. Pooled effects were measured by relative risk

(RR) with 95% confidence intervals (CIs). Publication bias was evaluated with Egger's

regression test and adjusted by trim and fill method.

Results: Twelve studies comprising 5829 CV patients with CYP2C19 loss-of-function

alleles were included. Patients who received ticagrelor or prasugrel showed a lower

risk of MACE than those who received clopidogrel (RR 0.524; 95% CI: 0.375, 0.731).

The former also had lower risks of CV death (RR 0.409; 95% CI: 0.177, 0.946), all-

cause death (RR 0.441; 95% CI: 0.263, 0.739), MI (RR 0.554; 95% CI: 0.414, 0.741)

and stent thrombosis (RR 0.587; 95% CI: 0.348, 0.988) than the latter patient group.

The risk of stroke was not significantly different between patients receiving the alter-

natives and those receiving clopidogrel (RR 0.605; 95% CI: 0.257, 1.425). Major and

minor bleeding risk was not significantly different between patients treated with

alternatives and clopidogrel (RR 1.019; 95% CI: 0.827, 1.260 and RR 1.235; 95% CI:

0.581, 2.628, respectively).

Conclusion: CYP2C19 reduced-metabolizers can expect better clinical outcome on

using prasugrel or ticagrelor rather than clopidogrel.
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1 | INTRODUCTION

P2Y12 receptor inhibitors, such as clopidogrel, prasugrel or

ticagrelor, play a key role in secondary prevention of thrombotic

events in patients with coronary artery disease (CAD).1 Clopidogrel

is converted to an active metabolite by hepatic enzyme cyto-

chrome P450 (CYP) 2C19. Therefore, CYP2C19 polymorphisms

could alter patients' responses to clopidogrel.2 Patients with

CYP2C19 loss-of-function (LoF) alleles (*2, *3, *4, *5, *6, *7 and

*8) have shown decreased concentration of the active metabolite

(reduced-metabolizers, RM) and have been associated with an

increased risk of major adverse cardiovascular events (MACE).3 The

US Food and Drug Administration proposed that healthcare profes-

sionals consider the use of other antiplatelet medications or dosing

strategies as an alternative to clopidogrel in patients with

CYP2C19 LoF alleles.4

Prasugrel and ticagrelor are alternative P2Y12 inhibitors; pra-

sugrel is a prodrug that irreversibly inhibits the P2Y12 receptor,

whereas ticagrelor is a reversible direct-acting inhibitor of the P2Y12

receptor. Both drugs are less susceptible to CYP2C19 status and

show less variability across patients so that they are prescribed as an

alternative to clopidogrel-resistant patients.5,6 These alternatives

show more consistent, faster and greater inhibition of platelet reactiv-

ity than clopidogrel.7–9

Although some adverse events among CYP2C19 reduced-

metabolizers (RM) have been reported, standard-dose clopidogrel is

widely used regardless of clopidogrel resistance.10 Additionally, not

many studies have been published regarding a comparative analysis of

the efficacy and safety of clopidogrel with those of alternative anti-

platelet agents in CYP2C19 RMs. Therefore, this meta-analysis aimed

to examine the necessity of prospective CYP2C19 genotyping by

comparing the risk of MACE and bleeding between CYP2C19 RMs

who were treated with the alternatives and those treated with

clopidogrel.

2 | METHODS

The paper was written based on Preferred Reporting Items for Sys-

tematic Reviews and Meta-Analyses (PRISMA) guidelines.11

2.1 | Search strategy

Two investigators (N.R.L. and H.Y.Y.) independently conducted a

systemic search of all studies published before January 2020 using

PubMed, Cochrane and Web of Science. The following search

terms were included: (clopidogrel OR prasugrel OR ticagrelor OR

cangrelor OR antiplatelet* OR purinergic P2Y12 receptor antagonist

OR thienopyridine*) AND (percutaneous coronary intervention OR

stent thrombosis OR cardiovascular disease OR acute coronary

syndrome OR myocardial ischemia) AND (MACE OR major adverse

cardiac events OR bleeding) AND (cytochrome P450 2C19 OR

CYP2C19 OR polymorphi* OR genetic OR genotype OR mutation).

Additionally, the references of the searched studies were also

screened.

2.2 | Selection criteria and data extraction

Studies were selected if (1) cardiovascular (CV) patients had

CYP2C19 LoF alleles; (2) standard-dose or high-dose clopidogrel

was compared with prasugrel or ticagrelor; (3) the study evaluated

adverse cardiovascular events such as death, stroke, myocardial

infarction, stent thrombosis or bleeding; (4) the study design

was randomized controlled trial (RCT) or cohort study. Studies

were excluded if (1) outcome data were not predefined and

extractable; (2) it was not an original article; (3) it was not written

in English.

The primary endpoint is MACE, which is defined as the com-

posite of CV death, all-cause death, myocardial infarction (MI),

stent thrombosis and stroke. The risk of each component of MACE

was also assessed. The secondary endpoint is bleeding classified as

major and minor bleeding. Major bleeding included “severe bleed-

ing” as defined in the GUSTO study and “major bleeding” as

defined in the TIMI and PLATO studies (see Table S1 in the sup-

plementary material0.12 Minor bleeding consisted of other bleeding

types that did not meet the major bleeding criteria. The

following parameters were extracted independently by two investi-

gators: study design, name of first author, year of publication,

country, mean age, medication dose, follow-up duration, genotyping

method and endpoints as well as the total number of MACE and

bleeding.

The quality of RCT studies was assessed by Cochrane Collabora-

tion's tool: a lower risk of bias was allotted a score of 2, unclear bias

risk was allotted a score of 1, and high risk of bias was allotted a score

of 0.13,14 For cohort studies, the Newcastle-Ottawa Scale (NOS) was

used to assess the quality of studies.15 A scoring system on this scale

was based on three components: selection of subjects (0–4 points);

comparability of study groups (0–2 points); and determination of out-

comes of interest (0–3). Disagreements were discussed and consensus

was reached on all points after carrying out discussions with a third

investigator (J.-M.S.).

2.3 | Statistical analysis

Relative risk (RR) with 95% confidence intervals (CIs) was calcu-

lated to compare the risk of MACE and bleeding using the

Mantel–Haenszel method. Heterogeneity was evaluated by

Cochran's Q statistic and Higgins' and Thompson's I2 statistics.16

Depending on the heterogeneity results, a fixed-effects or random-

effects model was used to calculate the effect size.17 The random-

effects model was applied when heterogeneity existed (P < .1,

I2 > 50%); otherwise, the fixed-effects model was applied. Egger's

regression test for evaluating funnel plot asymmetry was
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performed to identify potential publication bias, while the “trim

and fill” method was used to adjust publication bias.18,19 Sensitivity

analysis was conducted, by sequential omission of each study, to

validate robustness of the results. Additional subgroup analysis

of the primary endpoint was performed on studies with RCT

design.

Statistical analyses were performed using Review Manager

(RevMan) version 5.3 (The Cochrane Collaboration, Copenhagen,

Denmark) and Comprehensive Meta-Analysis version 3 (Biostat,

Englewood, NJ, USA).

3 | RESULTS

3.1 | Overviews of studies

The literature search resulted in 7761 articles. Of these, 1107

duplicates were removed, and 6562 articles were excluded based

on the title of the articles. Finally, after screening abstract or full-

text articles, 12 articles remained (Figure 1). The characteristics of

these studies are presented in Table 1.20–31 A total of 12 studies

encompassing 5829 CV patients with CYP2C19 LoF alleles were

included in primary analysis. Patients, who were treated with

clopidogrel at a dose range of 75–150 mg/day, prasugrel at a dose

range of 3.75–10 mg/day, and ticagrelor at a dose of 180 mg/day,

were diagnosed with stable CAD or acute coronary syndrome

(ACS). Patients were enrolled between 2004 and 2017 and studies

were published between 2010 and 2019. The risk scores of bias

for RCT ranged from 7 to 10, and those for cohort studies ranged

from 8 to 9 (Table 1).

3.2 | The primary endpoint (efficacy)

Patients who received alternatives showed a lower risk of composite

MACE than those receiving clopidogrel (RR 0.524; 95% CI: 0.375,

0.731) (Figure 2A). Heterogeneity was detected among studies

(I2 = 56%; P = .02) and publication bias was evaluated via Egger's test

(P = .02). The corrected effect size for publication bias was 0.687

(95% CI: 0.473, 0.995) (Table 2).

For the risk of CV death and all-cause death, patients receiving

alternatives showed lower risk than those receiving clopidogrel

(RR 0.409; 95% CI: 0.177, 0.946 and RR 0.441; 95% CI: 0.263, 0.739,

respectively) (Figure 2B and 2C). Both groups showed no heterogene-

ity (I2 = 0%; P = .84 and I2 = 0%; P = .99, respectively). Egger's test and

the trim and fill method were not applicable for CV death because

only two studies had been included; for all-cause death, the trim and

fill method estimated a corrected effect size of 0.414 for publication

bias (95% CI: 0.258, 0.664).

Patients receiving alternatives had a lower risk of MI and stent

thrombosis than those receiving clopidogrel (RR 0.554; 95% CI: 0.414,

0.741 and RR 0.587; 95% CI: 0.348, 0.988, respectively) (Figure 2D

and 2E) and no heterogeneity was noted. Egger's test revealed a

possible publication bias for MI (P = .049), and thus, the effect size

adjusted by trim and fill method was 0.603 (95% CI: 0.459, 0.793).

Publication bias for stent thrombosis was not detected (P = .11).

The risk of stroke was not significantly different between patients

receiving the alternatives and those receiving clopidogrel (RR 0.605;

95% CI: 0.257, 1.425) (Figure 2F), with no heterogeneity (I2 = 0%;

P = .94). Publication bias was not detected and RR was found to be

similar before and after implementation of the trim and fill method

(RR 0.632; 95% CI: 0.276, 1.444).

F IGURE 1 Flow diagram of the study selection process
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F IGURE 2 Forest plot for
comparing the risk of major adverse
cardiovascular events between
clopidogrel and its alternatives:
A, composite MACE, B, CV death, C, all-
cause death, D, stroke, E, MI and F,
stent thrombosis
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3.3 | The second endpoint (safety)

With regard to major bleeding, the risk was not significantly different

between patients treated with the alternatives and those treated with

clopidogrel (RR 1.019; 95% CI: 0.827, 1.260) (Figure 3A). No hetero-

geneity was noted (I2 = 0%; P = .81), but Egger's test indicated that

there was publication bias (P = .02). The trim and fill method estimated

a corrected effect size of 1.034 for bias (95% CI: 0.837, 1.278).

A significant difference was not observed in the risk of minor

bleeding between patients receiving alternatives and those receiving

clopidogrel (RR 1.235; 95% CI: 0.581, 2.628) (Figure 3B). There was

some evidence of heterogeneity (I2 = 74%; P = .004). Egger's test was

not significant (P = .37), and the trim and fill method estimated a

corrected effect size of 1.159 for bias (95% CI: 0.565, 2.378).

3.4 | Sensitivity analysis

To assess the stability of the results, sensitivity analysis was per-

formed by sequentially excluding each study; however, the results

of this analysis were robust. There were no significant effects on

RRs for composite MACE (RR range 0.46–0.60), CV death

(0.40–0.51), all-cause death (0.42–0.47), MI (0.48–0.58), stent

thrombosis (0.43–0.63) and stroke (0.51–0.67). Heterogeneity of

composite MACE decreased from 56% to 42% after eliminating the

study by Wallentin et al.21

Sensitivity analysis of major bleeding indicated that RR ranged

from 0.84 (95% CI: 0.42, 1.69) to 1.03 (0.83, 1.27) on omission of a

single study under the random-effects model. Regarding minor bleed-

ing, RR ranged from 0.99 (0.46, 2.11) to 1.62 (0.91, 2.90). Heterogene-

ity decreased from 71% to 36% after excluding the study by Xiong

et al.23 and it indicated that carriage of two LoF alleles and medication

dose were factors affecting heterogeneity.

3.5 | Subgroup analysis

Subgroup analysis of the primary endpoint was performed on RCT

studies. The RRs for composite MACE, CV death, all cause death and

myocardial infarction were 0.64 (95% CI: 0.47, 0.86), 0.41 (95% CI:

0.18, 0.95), 0.46 (95% CI: 0.23, 0.89) and 0.57 (95% CI: 0.42, 0.79),

respectively. The risk of stroke and stent thrombosis were not

TABLE 2 Analysis of publication bias

Effect magnitudes Egger's test Studies trimmed

Before trim and fill After trim and fill

Point estimation (95% CI) Point estimation (95% CI)

RR of composite MACE P = .02 4 0.524 (0.375–0.731) 0.687 (0.473–0.995)

RR of CV death N/A N/A 0.409 (0.177–0.946) N/A

RR of all cause death P = .57 2 0.441 (0.263–0.739) 0.414 (0.258–0.664)

RR of myocardial infarction p = .049 4 0.554 (0.414–0.741) 0.603 (0.459–0.793)

RR of stent thrombosis p = .11 3 0.587 (0.348–0.988) 0.693 (0.424–1.133)

RR of stroke P = .705 1 0.605 (0.257–1.425) 0.632 (0.276–1.444)

RR of major bleeding p = .02 2 1.018 (0.822–1.260) 1.034 (0.837–1.278)

RR of minor bleeding p = .37 1 1.235 (0.581–2.628) 1.159 (0.565–2.378)

CV: cardiovascular; MACE: major adverse cardiovascular events; N/A: not applicable; RR: relative risk; 95% CI: 95% confidence intervals.

F IGURE 3 Forest plot for
comparing the risk of bleeding between
clopidogrel and its alternatives: A, major
bleeding and B, minor bleeding
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significantly different between patients receiving clopidogrel and the

alternatives (Figure 4).

4 | DISCUSSION

This meta-analysis evaluated the extent to which the alternative

antiplatelet agents, such as prasugrel and ticagrelor, can improve

clinical outcomes of CYP2C19 RM in comparison with clopidogrel.

In comparison with clopidogrel, the alternatives showed more clini-

cal benefits for CAD treatment in patients with CYP2C19 LoF

alleles. The alternatives reduced the risk of MACE; meanwhile, the

risk of bleeding was not significantly different.

Clopidogrel is a second-generation thienopyridine, which has

replaced ticlopidine because of its better safety profile.32 Many

patients with CAD benefited from clopidogrel; however, they

F IGURE 4 Forest plot for subgroup
analysis including only RCTs:
A, composite MACE, B, CV death,
C, all-cause death, D, stroke, E, MI and
F, stent thrombosis

YOON ET AL. 1495



continued to have recurrent CV events as a result of its pharmaco-

genetic limitations.33 A previous meta-analysis demonstrated that

CYP2C19 LoF carriers showed a higher risk of composite ischaemic

and vascular events than non-carriers.34 CYP2C19 genotype might

have a prominent effect on adverse CV outcome, especially among

Asians, because the frequency of LoF allele in East Asians is higher

than that in Caucasian and Africans.35 Other platelet inhibitors,

including prasugrel and ticagrelor, were developed to overcome

pharmacogenetic limitations of clopidogrel. In a randomized con-

trolled trial that compared prasugrel with clopidogrel, it was found

that prasugrel therapy caused a significant reduction in the risk of

ischaemia.36 In the PLATO study, treatment with ticagrelor as com-

pared with clopidogrel significantly reduced the risk of CV death,

MI or stroke.37

CYP2C19 genotype-based treatment can contribute to cost-

effectiveness and better quality of life in patients with CAD. In a

clinical trial, the conventional group was treated with clopidogrel

based on routine clinical practice and the genotype-guided group

was treated with prasugrel if they carried more than one CYP2C19

LoF allele; consequently, the genotype-guided group had better

Quality Adjusted Life Years (QALYs) and lower treatment costs

than the conventional group.38 In accordance with this result, other

studies have also demonstrated that the implementation of a phar-

macogenetic approach to antiplatelet therapy was effective in

terms of cost, QALYs, and clinical outcomes for CYP2C19

RMs.27,39

The result of bleeding was not significant in our meta-analysis.

Consistent with our results, many studies have reported that there

was no significant difference in bleeding between clopidogrel and

ticagrelor or prasugrel. In the PLATO sub-study, the risk of major

bleeding events was similar between patients who received ticagrelor

and those who received clopidogrel.40 Another study also revealed

that the risk of major and minor TIMI bleeding in patients treated with

prasugrel was similar to that in those treated with clopidogrel.41 In a

recent network meta-analysis comparing oral P2Y12 inhibitors, the

risks of major bleeding were not significantly different between

ticagrelor, prasugrel, high dose clopidogrel and standard dose

clopidogrel.7

There are limitations to this meta-analysis. First, we were

unable to access individual patient data. Some studies included

both types of patients, namely those with stable CAD and those

with ACS, and they were prescribed different concomitant medica-

tion. Second, many of the included research articles pertained to

single-centre, open-label and underpowered studies, and each study

had different follow-up durations. Third, some element of bias may

have existed because each study implemented different bleeding

criteria. Furthermore, in current clinical implementation, genetic test

for CYP2C19 LoF alleles is conducted on a case-by-case basis.

Due to lack of clinical evidence and feasibility of genotyping, clini-

cians prescribed alternative antiplatelet agents based on genetic

test if patients experienced recurrent ACS events or if the commit-

tee suggested that genotyping might result in better outcomes.42

In addition, the prevalence of RM varies depending on ethnicity,

ranging from 3–5% (Caucasians) to 12–23% (Asians), thereby show-

ing different responses to clopidogrel. Despite shortcomings, this

study provides compelling evidence for the treatment of CYP2C19

LoF carriers with clopidogrel or its alternatives.

5 | CONCLUSION

Our analysis suggested that alternative antiplatelet treatments instead

of clopidogrel based on genotyping test can induce better clinical out-

comes on LoF allele carriers; however, this medication should be tai-

lored according to the balance between patients' ischaemic and

bleeding risk.

COMPETING INTERESTS

The authors declare that they have no conflict of interest.

ORCID

Hye Sun Gwak https://orcid.org/0000-0003-0278-2563

REFERENCES

1. Levine GN, Bates ER, Bittl JA, et al. 2016 ACC/AHA guideline

focused update on duration of dual antiplatelet therapy in

patients with coronary artery disease: a report of the American

College of Cardiology/American Heart Association Task Force on

Clinical Practice Guidelines. J Thorac Cardiovasc Surg. 2016;152:1243-

1275.

2. Farid NA, Kurihara A, Wrighton SA. Metabolism and disposition of

the thienopyridine antiplatelet drugs ticlopidine, clopidogrel, and pra-

sugrel in humans. J Clin Pharmacol. 2010;50:126-142.

3. Mega JL, Close SL, Wiviott SD, et al. Cytochrome p-450 polymor-

phisms and response to clopidogrel. N Engl J Med. 2009;360(4):

354-362.

4. FDA Drug Safety Communication. Reduced effectiveness of Plavix

(clopidogrel) in patients who are poor metabolizers of the drug.

https://www.fda.gov/drugs/postmarket-drug-safety-information-

patients-and-providers/fda-drug-safety-communication-reduced-

effectiveness-plavix-clopidogrel-patients-who-are-poor

5. Shuldiner AR, O'Connell JR, Bliden KP, et al. Association of

cytochrome P450 2C19 genotype with the antiplatelet effect

and clinical efficacy of clopidogrel therapy. JAMA. 2009;302(8):

849-857.

6. Rehmel JL, Eckstein JA, Farid NA, et al. Interactions of two major

metabolites of prasugrel, a thienopyridine antiplatelet agent, with the

cytochromes P450. Drug Metab Dispos. 2006;34(4):600-607.

7. Singh S, Singh M, Grewal N, Khosla S. Comparative

efficacy and safety of prasugrel, ticagrelor, and standard-dose

and high-dose clopidogrel in patients undergoing percutaneous coro-

nary intervention: a network meta-analysis. Am J Ther. 2016;23:

e52-e62.

8. Storey RF, Angiolillo DJ, Patil SB, et al. Inhibitory effects of ticagrelor

compared with clopidogrel on platelet function in patients with acute

coronary syndromes: the PLATO (PLATelet inhibition and patient

Outcomes) PLATELET substudy. J Am Coll Cardiol. 2010;56(18):1456-

1462.

9. Wallentin L, Varenhorst C, James S, et al. Prasugrel achieves greater

and faster P2Y12 receptor-mediated platelet inhibition than

clopidogrel due to more efficient generation of its active metabolite

in aspirin-treated patients with coronary artery disease. Eur Heart J.

2008;29(1):21-30.

1496 YOON ET AL.

https://orcid.org/0000-0003-0278-2563
https://orcid.org/0000-0003-0278-2563
https://www.fda.gov/drugs/postmarket-drug-safety-information-patients-and-providers/fda-drug-safety-communication-reduced-effectiveness-plavix-clopidogrel-patients-who-are-poor
https://www.fda.gov/drugs/postmarket-drug-safety-information-patients-and-providers/fda-drug-safety-communication-reduced-effectiveness-plavix-clopidogrel-patients-who-are-poor
https://www.fda.gov/drugs/postmarket-drug-safety-information-patients-and-providers/fda-drug-safety-communication-reduced-effectiveness-plavix-clopidogrel-patients-who-are-poor


10. Mao L, Jian C, Changzhi L, et al. Cytochrome CYP2C19 polymorphism

and risk of adverse clinical events in clopidogrel-treated patients: a

meta-analysis based on 23,035 subjects. Arch Cardiovasc Dis. 2013;

106(10):517-527.

11. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred

reporting items for systematic reviews and meta-analyses: the PRI-

SMA statement. PLoS Med. 2009. https://doi.org/10.1371/journal.

pmed

12. Mehran R, Rao SV, Bhatt DL, et al. Standardized bleeding definitions

for cardiovascular clinical trials: a consensus report from the Bleeding

Academic Research Consortium. Circulation. 2011;123(23):2736-

2747.

13. Higgins JP, Altman DG, Gøtzsche PC, Cochrane Bias Methods Group;

Cochrane Statistical Methods Group, et al. The Cochrane Collabora-

tion's tool for assessing risk of bias in randomised trials. BMJ. 2011;

343:d5928.

14. Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency in

meta-analyses. BMJ. 2003;327:557-560.

15. Wells GA, Shea B, O'Connell D, et al. The Newcastle-Ottawa

Scale (NOS) for assessing the quality of nonrandomized studies in

meta-analyses. http://www.ohri.ca/programs/clinical_epidemiology/

oxford.htm (accessed 25 April 2020).

16. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-anal-

ysis. Stat Med. 2002;21(11):1539-1558.

17. Mantel N, Haenszel W. Statistical aspects of the analysis of data from

retrospective studies of disease. J Natl Cancer Inst. 1959;22:719-748.

18. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-

analysis detected by a simple, graphical test. BMJ. 1997;315:

629-634.

19. Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based method

of testing and adjusting for publication bias in meta-analysis. Biomet-

rics. 2000;56(2):455-463.

20. Sorich MJ, Vitry A, Ward MB, Horowitz JD, McKinnon RA. Prasugrel

vs. clopidogrel for cytochrome P450 2C19-genotyped subgroups:

integration of the TRITON-TIMI 38 trial data. J Thromb Haemost.

2010;8(8):1678-1684.

21. Wallentin L, James S, Storey RF, et al. Effect of CYP2C19 and ABCB1

single nucleotide polymorphisms on outcomes of treatment

with ticagrelor versus clopidogrel for acute coronary syndromes: a

genetic substudy of the PLATO trial. Lancet. 2010;376(9749):1320-

1328.

22. Gurbel PA, Bergmeijer TO, Tantry US, et al. The effect of CYP2C19

gene polymorphisms on the pharmacokinetics and pharmacodynam-

ics of prasugrel 5-mg, prasugrel 10-mg and clopidogrel 75-mg in

patients with coronary artery disease. Thromb Haemost. 2014;112:

589-597.

23. Xiong R, Liu W, Chen L, Kang T, Ning S, Li J. A randomized controlled

trial to assess the efficacy and safety of doubling dose clopidogrel

versus ticagrelor for the treatment of acute coronary syndrome in

patients with CYP2C19* 2 homozygotes. Int J Clin Exp Med. 2015;8

(8):13310-13316.

24. Zhang Y, Zhao Y, Pang M, et al. High-dose clopidogrel versus

ticagrelor for treatment of acute coronary syndromes after percuta-

neous coronary intervention in CYP2C19 intermediate or poor

metabolizers: a prospective, randomized, open-label, single-centre

trial. Acta Cardiol. 2016;71:309-316.

25. Dong P, Yang X, Bian S. Genetic polymorphism of CYP2C19 and

inhibitory effects of ticagrelor and clopidogrel towards post-

percutaneous coronary intervention (PCI) platelet aggregation in

patients with acute coronary syndromes. Med Sci Monit. 2016;22:

4929-4936.

26. Ogawa H, Isshiki T, KimuraT, et al. Effects of CYP2C19 allelic variants

on inhibition of platelet aggregation and major adverse cardiovascular

events in Japanese patients with acute coronary syndrome: the

PRASFIT-ACS study. J Cardiol. 2016;68(1):29-36.

27. Deiman BA, Tonino PA, Kouhestani K, et al. Reduced number of car-

diovascular events and increased cost-effectiveness by genotype-

guided antiplatelet therapy in patients undergoing percutaneous cor-

onary interventions in the Netherlands. Neth Heart J. 2016;24:

589-599.

28. Chen S, Zhang Y, Wang L, et al. Effects of dual-dose clopidogrel,

clopidogrel combined with tongxinluo capsule, and ticagrelor on

patients with coronary heart disease and CYP2C19* 2 gene mutation

after percutaneous coronary interventions (PCI). Med Sci Monit. 2017;

23:3824-3830.

29. Lee CR, Sriramoju VB, Cervantes A, et al. Clinical outcomes and sus-

tainability of using CYP2C19 genotype-guided antiplatelet therapy

after percutaneous coronary intervention. Circ Genom Precis Med.

2018;11:e002069.

30. Cavallari LH, Lee C, Beitelshees AL, et al. Multisite investigation of

outcomes with implementation of CYP2C19 genotype-guided anti-

platelet therapy after percutaneous coronary intervention. JACC

Cardiovasc Interv. 2018;11:181-191.

31. Tatarunas V, Kupstyte-Kristapone N, Norvilaite R, et al. The impact of

CYP2C19 and CYP4F2 variants and clinical factors on treatment out-

comes during antiplatelet therapy. Pharmacogenomics. 2019;20(7):

483-492.

32. Moon JY, Franchi F, Rollini F, et al. Role of genetic testing in patients

undergoing percutaneous coronary intervention. Expert Rev Clin

Pharmacol. 2018;11:151-164.

33. Matetzky S, Shenkman B, Guetta V, et al. Clopidogrel resistance is

associated with increased risk of recurrent atherothrombotic events

in patients with acute myocardial infarction. Circulation. 2004;109:

3171e3175.

34. Pan Y, Chen W, Xu Y, et al. Genetic polymorphisms and

clopidogrel efficacy for acute ischemic stroke or transient ischemic

attack: a systematic review and meta-analysis. Circulation. 2017;135:

21-33.

35. Sorich MJ, Rowland A, McKinnon RA, Wiese MD. CYP2C19 genotype

has a greater effect on adverse cardiovascular outcomes following

percutaneous coronary intervention and in Asian populations treated

with clopidogrel: a meta-analysis. Circ Cardiovasc Genet. 2014;7(6):

895-902.

36. Wiviott SD, Braunwald E, McCabe CH, et al. Prasugrel versus

clopidogrel in patients with acute coronary syndromes. N Engl J Med.

2007;357:2001-2015.

37. Wallentin L, Becker RC, Budaj A, et al. Ticagrelor versus clopidogrel in

patients with acute coronary syndromes. N Engl J Med. 2009;361(11):

1045-1057.

38. Fragoulakis V, Bartsakoulia M, Díaz-Villamarín X, et al. Cost-

effectiveness analysis of pharmacogenomics-guided clopidogrel treat-

ment in Spanish patients undergoing percutaneous coronary inter-

vention. Pharmacogenomics J. 2019;19:438-445.

39. Borse MS, Dong OM, Polasek MJ, Farley JF, Stouffer GA, Lee CR.

CYP2C19-guided antiplatelet therapy: a cost-effectiveness

analysis of 30-day and 1-year outcomes following

percutaneous coronary intervention. Pharmacogenomics. 2017;18:

1155-1166.

40. Becker RC, Bassand JP, Budaj A, et al. Bleeding complications with

the P2Y12 receptor antagonists clopidogrel and ticagrelor in the

PLATelet inhibition and patient Outcomes (PLATO) trial. Eur Heart J.

2011;32:2933-2944.

41. Nishikawa M, Isshiki T, Kimura T, et al. Risk of bleeding and repeated

bleeding events in prasugrel-treated patients: a review of data from

the Japanese PRASFIT studies. Cardiovasc Interv Ther. 2017;32:

93-105.

42. Scott SA, Sangkuhl K, Stein CM, et al. Clinical Pharmacogenetics

Implementation Consortium guidelines for CYP2C19 genotype and

clopidogrel therapy: 2013 update. Clin Pharmacol Ther. 2013;94(3):

317-323. https://doi.org/10.1038/clpt.2013.105

YOON ET AL. 1497

https://doi.org/10.1371/journal.pmed
https://doi.org/10.1371/journal.pmed
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
https://doi.org/10.1038/clpt.2013.105


SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Yoon HY, Lee N, Seong J-M,

Gwak HS. Efficacy and safety of clopidogrel versus prasugrel

and ticagrelor for coronary artery disease treatment in

patients with CYP2C19 LoF alleles: a systemic review and

meta-analysis. Br J Clin Pharmacol. 2020;86:1489–1498.

https://doi.org/10.1111/bcp.14317

1498 YOON ET AL.

https://doi.org/10.1111/bcp.14317

	Efficacy and safety of clopidogrel versus prasugrel and ticagrelor for coronary artery disease treatment in patients with C...
	  INTRODUCTION
	  METHODS
	  Search strategy
	  Selection criteria and data extraction
	  Statistical analysis

	  RESULTS
	  Overviews of studies
	  The primary endpoint (efficacy)
	  The second endpoint (safety)
	  Sensitivity analysis
	  Subgroup analysis

	  DISCUSSION
	  CONCLUSION
	  COMPETING INTERESTS
	REFERENCES


