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Background Carriers of cytochrome 2C19 (CYP2C19) loss-of-function (LoF) alleles treated with clopidogrel have impaired drug
metabolism, resulting in reduced active metabolite levels, high platelet reactivity (HPR), and an increased risk of
thrombotic events. Several alternative antiplatelet therapies have been proposed to overcome HPR in these patients,
but their comparative effects remain poorly explored.

Methods Randomized controlled trials (RCTs) comparing different oral antiplatelet therapies in carriers of CYP2C19 LoF alleles
undergoing percutaneous coronary interventions (PCl) were included. A frequentist network meta-analysis was con-
ducted to estimate mean difference (MD) or odds ratios and 95% confidence intervals (Cl). The primary outcome was
platelet reactivity assessed by VerifyNow and reported as P2Y, reaction unit (PRU). The secondary outcome was the
rate of HPR. Standard dose of clopidogrel (75 mg daily) was used as a reference treatment.

Results A total of 12 RCTs testing 6 alternative strategies (i.e. clopidogrel 150 mg, prasugrel 3.75 mg, 5 mg, and 10 mg, ticagrelor
90 mg bid, and adjunctive cilostazol 100 mg bid) were included in the network. Compared with standard-dose clopidogrel,
the greatest reduction in PRU was observed with prasugrel 10 mg (MD —127.91; 95% Cl —141.04; —114.78) and
ticagrelor 90 mg bid (MD —124.91; 95% Cl —161.78; —88.04), followed by prasugrel 5 mg (MD —76.33; 95% Cl —98.01;
—54.65) and prasugrel 3.75 mg (MD —73.00; 95% CI —100.28; —45.72). Among other strategies, adjunctive cilostazol
(MD —42.64; 95% Cl —64.72; —20.57) and high-dose clopidogrel (MD —32.11; 95% Cl —51.33; —12.90) were associated
with a modest reduction in PRU compared with standard-dose clopidogrel.

Conclusion Among carriers of CYP2C19 LoF alleles undergoing PCI, standard-dose prasugrel or ticagrelor are most effective in
reducing platelet reactivity, while double-dose clopidogrel and additional cilostazol showed modest effects. Reduced-dose
of prasugrel may represent a balanced strategy to overcome HPR without a significant increase in bleeding. The clinical
implications of these pharmacodynamic findings warrant further investigation.
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© The Author(s) 2024. Published by Oxford University Press on behalf of the European Society of Cardiology.
All rights reserved. For permissions, please e-mail: journals.permissions@oup.com

G20z Arenuer 0z uo 1sanb Aq 26+529./925/9/0 4 /911Me/dAolya/woo"dno-olwapese//:sdny Wwoly papeojumoq


https://doi.org/10.1093/ehjcvp/pvae036
https://orcid.org/0000-0003-3909-182X
https://orcid.org/0000-0003-0157-7242
https://orcid.org/0000-0001-9669-4278
https://orcid.org/0000-0002-9065-3261
mailto:dottormattiagalli@gmail.com
https://twitter.com/@MattiaGalli10
mailto:journals.permissions@oup.com

Comparative effects of antiplatelet strategies

527

Graphical Abstract

RESULTS FOR THE PRIMARY ENDPOINT - PLATELET REACTIVITY
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Abbreviations

DAPT  dual antiplatelet therapy
CYP Cytochrome P450
HPR  high platelet reactivity

LoF
PCI

loss-of-function
percutaneous coronary intervention

PFT platelet function test

PD

pharmacodynamic

CYP2C19 ® Antiplatelet therapy ® Clopidogrel resistance ® Genotype ® Prasugrel ® Ticagrelor

Introduction

Dual antiplatelet therapy (DAPT) with aspirin and a P2Y, inhibitor
is the cornerstone of treatment in patients with acute coronary
syndrome (ACS) or undergoing percutaneous coronary intervention
(PCI)." Clopidogrel is the most commonly used P2Y;, receptor
inhibitor, but exhibits distinctive pharmacologic features leading to
broad interindividual variability in its effects.? In fact, clopidogrel is
a pro-drug that requires a two-step hepatic conversion into its active
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metabolite by several cytochrome P450 (CYP) isoenzymes.? Of these,
the CYP2C19 isoforms are particularly important because they take
part in both biotransformation oxidative processes required to gener-
ate clopidogrel’s active metabolite.>* However, the genes that encode
for the CYP2C19 enzymes are highly polymorphic, with some result-
ing in reduced [i.e. loss-of-function (LoF)] and others increased [i.e.
gain-of-function (GoF)] clopidogrel metabolism.> While the clinical
implications of GoF alleles among clopidogrel treated patients remain
controversial, it is well established that carriers of one (intermediate
metabolizers, IMs) or two (poor metabolizers, PMs) LoF alleles exhibit
reduced levels of clopidogrel active metabolite resulting in high platelet
reactivity (HPR) and enhanced risk of thrombotic complications.”=®
Notably, carriers of LoF alleles are as frequent as 20-60% of treated
patients, varying according to ancestry, underscoring its relevance in
clinical practice.®

The association between CYP2C19 LoF alleles and increased rates
of thrombotic events among clopidogrel-treated patients has led the
Food and Drug Administration as well as other drug governing au-
thorities to issue a cautionary advisory recommending the use of
alternative P2Y inhibiting therapies in PMs.”*1° Similarly, the 2019 ex-
pert consensus statement on platelet function test (PFT) and genetic
testing for patients undergoing PCl and the 2022 Clinical Pharmacoge-
netics Implementation Consortium (CPIC) guideline and other expert
consensus suggests the use of alternative P2Y1, inhibitors among
carriers of CYP2C19 LoF alleles, particularly PMs.811="3 Although the
use of ticagrelor or prasugrel is recommended in PM, a number
of alternative antiplatelet treatment regimens have been proposed
to reduce platelet reactivity and minimize the rate of HPR, but
comprehensive studies exploring the comparative effects of different
alternative strategies are lacking.'*2? Since levels of platelet reactiv-
ity are closely associated with adverse outcomes, pharmacodynamic
studies comparing the effects of different alternative strategies on
platelet function among CYP2C19 LoF carriers may provide important
clinical information.”-2* On this background, we conducted a network
meta-analysis to comprehensively assess the comparative effects of
different alternative antiplatelet regimens among individuals carrying
CYP2C19 LoF alleles, consolidating results from randomized controlled
trials (RCTs).

Methods

The study protocol adhered to the recommendations of
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) for network meta-analyses (PRISMA-NMA)
of RCTs (Supplementary material online, Table S7) and Cochrane
Collaboration.?*?> The study protocol was registered in the Prospective
Register of Systematic Reviews (PROSPERO ID: CRD42024509513).
As the present research was a meta-analysis of published studies, the
requirement to obtain approval from an ethics committee was waived.

Eligibility criteria

Studies were considered for inclusion in the network meta-analysis when
the following criteria were satisfied: (i) patients were carriers of CYP2C19
LoF alleles (e.g. CYP2C19%*2, CYP2C19%*3) diagnosed with atherosclerotic
cardiovascular disease and undergoing PCl; (ii) random allocation to at
least two different antiplatelet strategies; (iii) pharmacodynamic (PD)
assessment (i.e. platelet reactivity) with at least one PFT.

Search, data extraction, and qualitative
assessment

A systematic digital search using MEDLINE with PubMed interface,
Cochrane Library, and Web of Science databases was carried out from
database inception to 17 January 2024. Major scientific websites as
well as abstracts and presentations from major cardiovascular meet-

ings were also screened. The electronic search process was integrated
by exploration of the reference lists of each eligible study (i.e. back-
ward and forward snowballing). The full research strategy is reported
in Supplementary material online, Table S2. Literature search terms were
reviewed by an experienced medical librarian. No language restrictions or
filters were applied.

Following the execution of search queries, two reviewers (R.L., G.O.)
independently screened titles and abstracts to identify studies that met
the inclusion criteria. Duplicate entries identified across various electronic
databases were removed. The remaining reports underwent independent
full-text screening by the same reviewers to confirm compliance with the
eligibility criteria. Disagreements were solved by consensus under the su-
pervision of the lead investigator (M.G.). Data pertaining to the outcomes
of interest, as well as the primary clinical and procedural characteristics,
design features, and endpoints definitions were extracted at study level
and incorporated into dedicated electronic spreadsheets. Before running
the statistical analyses, the reviewers collegially assessed the quality of each
trial by using the Cochrane’s Risk of Bias (RoB) 2 tool.

Inconsistency was evaluated by means of net heat plots, and node-
splitting analysis. Finally, the impact of small-study effects and publication
bias was estimated by visual inspection of comparison-adjusted funnel
plots, and formally assessed by means of Egger’s regression test.

Study endpoints

The pre-specified primary endpoint was the level of platelet reactivity
between treatment arms as assessed by the VerifyNow P2Y1, assay and
measured as P2Yq; reaction unit (PRU). The secondary endpoint was
trial-defined rates of HPR. PD assessments obtained while on maintenance
dose therapy were chosen over those following a loading dose. All study
outcomes were extracted at the longest available follow-up.

Statistical analysis

A frequentist network meta-analysis was conducted to estimate the
posterior mean effect, reported as odds ratio (OR) or mean difference
(MD), as appropriate, and the 95% confidence interval (Cl), for all the
outcomes of interest. An estimated effect was considered significant when
the upper or lower Cl did not include the unity (i.e. null value). The analysis
was conducted using the adjusted random effects weight, calculating the
pooled effect size using the inverse variance method.

The network of evidence was visually and numerically assessed in terms
of weights, comparisons, and individual trial influence for each outcome.
Consistency between direct and indirect comparisons was examined
by node splitting and visual inspection of net-heat plots. Results were
displayed using forest plots illustrating the relative contribution of indi-
vidual trials. The standard dose of clopidogrel (75 mg daily) was used
as a reference treatment. Antiplatelet strategies were ranked accord-
ing to P-scores, ranging between 0 (poor performance) and 1 (good
performance). Between-study heterogeneity (i.e. statistical heterogeneity)
was assessed according to the Cochran’s Q test, Higgins and Thompson’s
12 statistics (with an /> value >50% being considered the result of severe
heterogeneity); the heterogeneity variance 72 and standard deviation 7.
Statistical analysis was conducted using R version 3.6 (R Foundation for
Statistical Computing, Vienna) by using the packages ‘netmeta’ and ‘gemtc’.

Pre-specified sensitivity analyses were conducted to explore the possi-
ble impact of clinical presentation [i.e. ACS vs. chronic coronary syndrome
(CCS)] or ethnicity (i.e. East Asian vs. non-East Asian patients) on each
endpoint.

Results
Studies selection, network of evidence,

and baseline characteristics
After screening, a total of 12 RCTs were included in the net-
work meta-analysis (Figure 1).'%2673¢ The network of evidence for
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12,733 records identified through
databases (MedLine via PubMed,
Cochrane Library, Web of Science)
searching up to 4t February, 2024

v

5,380 records after duplicates
removal undergoing independent
title- and
abstract-level screening

20 full-text reports assessed
for eligibility

5,260 records excluded
2,248 records with non-
randomized design;

1,468 records focusing on
other, not-relevant topics;
544 records reporting
outcomes in non-carriers of
CYP2C19 mutation;

722 records on strategies
not satisfying prespecified
inclusion criteria;

278 records on studies not
conducted in humans.

7 records excluded
2 studies reporting results in
non-CYP2C19 carriers;
2 studies reporting results in
health subjects
3 not reporting outcomes of
interest

1 record included a posteriori

12 randomized trials included in
quantitative synthesis (meta-
analysis)

Figure | Systematic review flow-chart. The figure illustrates the level at which each study was excluded during the review process. CYP,

Cytochrome P450.
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Figure 2 Network of the evidence. Direct comparisons are depicted as thick lines and indirect comparisons as dotted lines. Numbers indicate
how many randomized controlled trials were included for each comparison.

each outcome is illustrated in Figure 2. Seven antiplatelet strategies
were compared: standard-dose (i.e. 75 mg od) clopidogrel (reference
strategy), high-dose clopidogrel (150 mg od), adjunctive cilostazol
(100 mg bid), standard-dose ticagrelor (90 mg bid), standard-dose
prasugrel (10 mg od), low-dose prasugrel (5 mg od), and very-low-
dose prasugrel (3.75 mg od).”? Two loops were closed, made by
the comparisons of standard-dose clopidogrel, high-dose clopidogrel,
and standard-dose prasugrel for the first loop, and standard-dose
clopidogrel, high-dose clopidogrel, and cilostazol for the second loop.
For these strategies, both direct and indirect evidence were available.
All other comparisons were made by indirect comparisons.

Table 1 summarizes the key clinical characteristics of the included
trials. The number of included patients from randomized trials re-
porting data on carriers of CYP2C19 LoF ranged from 24 to 485.
Women were under-represented, with a percentage ranging be-
tween 9.2 and 32.8%. Four studies were conducted exclusively in
East Asia, and among those three out of four focused exclusively
on patients with ACS.332 The proportion of PM or IM was not
reported in 6 out of the 12 included trials, but only represented
a minority in the overall population in the other 6 RCTs, ranging
from 5 to 20%. Three studies were conducted exclusively in pa-
tients with CCS."427:3537 |mportantly, all studies assessed platelet
reactivity reported as PRU using VerifyNow-P2Y12 Assay. A detailed
description of the assays used for genotyping and PFT across trials is
reported in Supplementary material online, Table S3. HPR definitions
across trials are reported in Supplementary material online, Table $4.

The overall and individual risk for bias of included trials is shown
in Supplementary material online, Figure S1. Some concerns arose
in six studies,2¢:2%:30:32.34 three of them due to RoB arising from
the randomization process,’®3? and three of them due to missing
outcome data.?®2%:3% Although Egger’s regression test suggested ab-
sence of publication bias, the inspection of the funnel plot for visual
asymmetry revealed slight asymmetry for both platelet reactivity and
HPR (Supplementary material online, Figure S2).

Network meta-analysis

Compared with standard-dose clopidogrel, the primary endpoint of
PRU was reduced with all alternative antiplatelet strategies, except
for adjunctive cilostazol. Specifically, the reduction was greatest with
standard-dose prasugrel (MD —127.91; 95% Cl —141.04; —114.78)
and standard-dose ticagrelor (MD —124.91; 95% Cl —161.78;
—88.04), followed by low-dose prasugrel (MD —76.33; 95% ClI
—98.01; —54.65), and very-low dose prasugrel (MD —73.00; 95%
Cl —100.28; —45.72) (Figure 3). High-dose clopidogrel and adjunc-
tive cilostazol were associated with a modest reduction of PRU
compared with standard-dose clopidogrel (MD —29.49; 95% ClI
—46.41; —12.58 and —42.64; 95% Cl —64.72,; —20.57, respectively)
(Figure 3).

The node split analysis for the comparisons reporting both direct
and indirect evidence (standard-dose prasugrel, standard-dose clopi-
dogrel, and high-dose clopidogrel) for the primary endpoint, did not
reveal inconsistency, with results of the network mostly laying on

20z Atenuer 0z uo 1senb Aq 26%/5.92/925/9/0 1 /8101E/dAdIY8/W0d dno-olwepeo.)/:sdyy Wwoly papeojumoq


https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvae036#supplementary-data
https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvae036#supplementary-data
https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvae036#supplementary-data
https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvae036#supplementary-data
https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvae036#supplementary-data
https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvae036#supplementary-data
https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvae036#supplementary-data
https://academic.oup.com/ehjcvp/article-lookup/doi/10.1093/ehjcvp/pvae036#supplementary-data

531

Comparative effects of antiplatelet strategies

Downloaded from https://academic.oup.com/ehjcvp/article/10/6/526/7675497 by guest on 20 January 2025

"UoIdUNJ JO $SO| ‘JOT DSOP @dUBUUIRW ‘(|4 DSOP SUIPEO| ‘(T 9|qE|IEAR 10U N H9QUINU ‘U DWOIPUAS AJBUOIOD JIUOIYD ‘ST DWIOIPUAS AJBUOIOD 91Nde ‘SOY

aw 8w s//ai
3w 009 AW 8w g/al %001 sno8AzoJs1oH
[eu3opidoD 3w Qg [p48nse.d SOV § %LLE ‘odiyniy %001 ueisy § 96T 0'€9 VYN oL 0e(0200) e 32 uif
%Sk
$DD'§
AW 3w 06/a AW 3w oL/al %65 snogAzoue3eH 42(0200)
3w 0g| Joj3edl]. 8w 9 [puBnse.d SOV § %0'LE ELhIN %L°L9 PNUM § ST 065 (z1) 8 9 ‘e 39 1ydue
AW 3w §£/a
3w 00¢ AW 8w 5£€/a %001 sno3AzowoH (9100
[9430pidoiD 3w o [p48nse.d SOV § %LSE 40 sNo3AzosRIPH %001 ‘uelsy § 68l €99 (6'61) ¥S1 8y ‘e 39 emeSO
snoSAzowoH w100
8w g/ jpu3opidoy  Bwipg [2430pidolD ¥N %L T 40 sN03Az0R3PH N 6t €€9 YN 0S e 32 Issoy
AW 8w g/ aw
j948opido|D 8w g [2J3nseuy
aw aw %001 snodAzousraH «(#100)
3w G/ [pu3opidolD 3w o jpa3nsed $DD'§ VYN ‘aydnyniy %6'€6 ueiseoneD § 8¢ §'59 VN 84 39 9949
aw AW 3w oL/aT snogAzo.ajeH (€100)
8w g/ [euSopidopD 3w (9 [ou8nse.d N %L'ST ‘odiiniy %E°06 :uBISEINED § 68l 919 VN 6 ‘e 39 uneag
AW 8w ol %979
awW 3w §//at [o48nseud/q $DD§
3w 009 3w 009 %' LE snodAzousraH (2100
[eu3opido> [o48opido| SOV § %S°CT ‘a(dnny VN w 709 (Tsy) L 9% ‘e 39 s19q0y
AW 3w 0oL/d1
8ws//al 3w 00T %001:1Dd
3w 009 |oze3so|ID Joy sno8AzoJs1oH
[2u3opidoj> sapunlpy  paLiaey § L'9€ ‘oydiyniy %001 sueisy § 1'0€ ¥'€9 (zoV) s €8¢ 5¢(110T) e 39 dtieg
%0'6 >Peig §
3w 05 %001 snogAzowon %Y'T ueIsy § (1100
8w g/ 2430pido|> [ea3opido;y 0D § %¥'SE 40 sNogAzo.e3eH %088 PNUM § (474 09 (189§ 98 JLEER=CIN
3w 051 3woQ| [0zZeisold %001 SnNo3Azo.Ja1oH (110D
[euSopido;D aAndunipy SOV § %9'8T ‘odiiniy %001 ueisy § Yage ¥'19 (s1) el 7 ‘e 39 5nS-uj Wiy
8w g 3wol
[943opido|D |248nseud/3w 0G| %E0L Sno8AzoJa19H QNC 102)
/8w o} [ei3nselq [e480pidoD SOV § %0'9€ ‘Sdnniy vN oLl 059 VN 4 ‘e 32 sojnodoxaly
AW 8w s//at
8w 009 AW 8w 0L/a %001 snodAzo.e3eH «(6000)
[3430pido|D 3w 09 [p43nse.g $0D§ %6l 21dniniy %001 :ueIsedneD § T6 8€9 VN 4 JLECESEIIEILA
dnoug josjuo) dnoug (%) (%) adAjousny (%) @oey (%) o[eway ady (%) SJalLIed Jes) ‘Apmis
[eUORUSAIIU| [JNL:IEIN s919qeIg U SJ9ZI|0gelsw 407
Jood jo a8ejuadiay
sisA[eue-e3aw pue M3IASJ J1JBWAISAS Y3 Ul PapN|dul S[eld) PIZIWOPpUEJ JO SoIIsLIdIdedeyd A3)] | @|qel



532

M. Galli et al.

Platelet Reactivity

Treatment strategy

MD (95% Cl)

Cilostazol (100mg bid) -— -42.64 (-64.72; -20.57)
High-dose clopidogrel (150mg od) -.- -29.49 (-46.41; -12.58)
Prasugrel (10mg od) -.- -127.91 (-141.04; -114.78)
Very low-dose prasugrel (3.75mg od) —— -73.00 (-100.28; -45.72)

@
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Low-dose prasugrel (5mg od)

Ticagrelor (90mg bid)

-76.33 (-98.01; -54.65)
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Figure 3 Forest plot for the primary endpoint (i.e. platelet reactivity). The figure illustrates treatment estimate among different antiplatelet
strategies for the primary endpoint. Standard-dose (75 mg od) clopidogrel was used as reference strategy. The primary endpoint was the level
of platelet reactivity between treatment arms as assessed by the VerifyNow P2Y1, assay and reported as P2Y12 reaction unit (PRU). For each
comparison, treatment estimates and respective 95% Cl are illustrated by one circle and line, respectively, along with text highlighting the specific
mean difference and 95% CI. BID, bis in die; Cl, confidence interval; MD, mean difference; OD, once daily.

High Platelet Reactivity

Treatment strategy

OR (95% ClI)

Cilostazol (100mg bid)

0.20 (0.04; 1.03)

High-dose clopidogrel (150mg od) —— 0.30 (0.08; 1.17)
Prasugrel (10mg od) —— 0.03 (0.00; 0.19)
Low-dose prasugrel (5mg od) @ 0.22 (0.04; 1.13)
I I |
0.01 0.1 1 10 100
A— —y

Favours
alternative strategy

Favours
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Figure 4 Forest plot for the secondary endpoint (i.e. high-platelet reactivity rates). The figure illustrates the treatment estimate among different
antiplatelet strategies for the secondary endpoint of trial-defined high-platelet reactivity rates. Standard-dose (75 mg od) clopidogrel was used as
reference strategy. For each comparison, treatment estimates and respective 95% Cl are illustrated by one circle and line, respectively, along with
text highlighting the specific odds ratio and 95% CI. BID, bis in die; Cl, confidence interval; OD, once daily; OR, odds ratio.

direct comparisons (Supplementary material online, Figure S3). The
net heat plot revealed the consistency between direct and indirect
evidence (Supplementary material online, Figure $4),

The secondary outcome of HPR rates was not available for
the treatment arms of standard-dose ticagrelor and very low-dose
prasugrel. All the alternative antiplatelet strategies were associated
with reduced HPR, but the reduction was statistically significant
only with standard dose of prasugrel (OR 0.03; 95% CI 0.00; 0.19)
(Figure 4).

Node split analysis for the comparisons reporting both direct and
indirect evidence (standard-dose prasugrel, standard-dose clopido-
grel, and high-dose clopidogrel for the first loop, and standard-dose
clopidogrel, high-dose clopidogrel, and cilostazol for the second loop)
did not reveal any inconsistency, with results of the network lay-

ing mostly on direct comparisons (Supplementary material online,
Figure S5). Net heat plot revealed strong consistency between
direct and indirect evidence (Supplementary material online,
Figure S6).

Ranking of treatments

Ranking of treatments according to P-scores for primary and
secondary outcomes is displayed in the central figure and in
Supplementary material online, Figures S7 and S8. With regard to
the primary endpoint, standard-dose prasugrel ranked as the best
treatment (P-score = 0.928), followed by ticagrelor (P-score = 0.901),
and low-dose prasugrel (P-score = 0.595), very-low dose prasugrel (P-
score = 0.5654), cilostazol (P-score = 0.318), high-dose clopidogrel
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(P-score = 0.193). Rankograms for the secondary endpoint should be
interpreted in light of the fact that rates of HPR were not available
for the treatment arms of standard-dose ticagrelor and very low-dose
prasugrel.

Sensitivity analyses

The replication of analyses after the exclusion of studies selec-
tively including patients with ACS (Supplementary material online,
Figure $9) or CCS (Supplementary material online, Figure S10) showed
consistent results with the main analysis. Similarly, the analysis
run after the exclusion of studies selectively including Caucasian
(Supplementary material online, Figure S11) or East Asian patients
(Supplementary material online, Figure S12) showed results similar to
the main analysis.

Discussion

The results of this network meta-analysis assessing the comparative
effects of different alternative antiplatelet regimens by consolidating
results from RCTs among individuals carrying CYP2C19 LoF alleles can
be summarized as follows: (i) all alternative antiplatelet strategies were
associated with reduced platelet reactivity compared with standard-
dose clopidogrel, the magnitude of which, however, varied widely
across different strategies; (i) standard-dose prasugrel or ticagrelor
are associated with the greatest reduction in platelet reactivity, fol-
lowed by reduced- and very low-dose of prasugrel, compared with
standard-dose clopidogrel; (iii) double-dose clopidogrel and adjunc-
tive cilostazol were associated with a modest reduction in platelet
reactivity, compared with standard-dose clopidogrel; (iv) compared
with standard-dose clopidogrel, there was a reduction in HPR with
all treatments, that was statistically significant with standard-dose
prasugrel.

Platelet function may be assessed by different assays, allowing for
the identification of patients at HPR, low platelet reactivity (LPR),
or optimal range of platelet reactivity (OPR).® Point-of-care assays
have the advantage of providing rapid bedside results by non-expert
personnel in a timely fashion compared with laboratory-based as-
says. Among these, the VerifyNow P2Y12 assay is one of the most
commonly used.®3® HPR among clopidogrel-treated patients un-
dergoing PCl has been consistently shown to be associated with
increased major adverse cardiovascular events (MACE), including
death and stent thrombosis, and that LPR is not associated with
a further reduction of MACE, but increased bleeding, as compared
with OPR patients.”-23 This has represented the rationale for propos-
ing a potential ‘therapeutic window’ of platelet inhibition in PCI
patients.8-39:40

The understanding that the interindividual variability in clopido-
grel response lies, at least in part, in the fact that 20-60% of
treated patients are carriers of CYP2C19 LoF alleles (e.g. CYP2C19*2,
CYP2C19%*3), the prevalence of which is largely influenced by ethnic-
ity, being more common in East Asian than European and African
ancestry populations.*® The fact that heterozygote patients are
IMs associated with reduced clopidogrel active metabolite, and ho-
mozygote patients are PMs associated with nearly no generation of
clopidogrel active metabolite, has stimulated the interest in the use of
genetic testing to identify patients non-responding to clopidogrel.*
Indeed, genetic testing for CYP2C19 LoF alleles have the key ad-
vantage that the genetic makeup of an individual remains unvaried
over time and does not require the patient to be on treatment
with clopidogrel.*® Studies have shown that IM, and particularly PM
phenotypes for CYP2C19 LoF alleles, are associated with reduced
levels of clopidogrel active metabolite, diminished platelet inhibition,
and high rates of HPR resulting in increased rates MACE and stent

thrombosis following PCI.*! On this background, several drug govern-

ing authorities have issued a cautionary advisory recommending the
use of alternative P2Y, inhibiting therapies in carriers of CYP2C19
LoF alleles, particularly for PM, a recommendation also supported by
expert consensus documents.®"!

On this background, several studies have explored the clinical im-
pact of using alternative oral antiplatelet therapies among carriers
of CYP2C19 LoF alleles treated with clopidogrel.™2? Early strategies
tested in RCTs first included increased dose of clopidogrel (i.e. 150 mg
od) or adjunctive cilostazol on top of DAPT.'*20 Subsequent studies
have tested the use of newer generation P2Y+; inhibitors (i.e. prasug-
rel or ticagrelor).?’-22 Although the results of these studies were not
univocal due to a number of pitfalls in their design, the overall clinical
evidence suggest that the use of prasugrel or ticagrelor as alternative
therapy to clopidogrel could reduce MACE in CYP2C19 LoF carriers
but with increased bleeding without any additional reduction in is-
chaemic events in patients responding to clopidogrel.*! Importantly,
the use of PFT and genetic testing has been associated with improved
outcomes compared with standard antiplatelet therapy in both ACS
and CCS patients undergoing PC|.4243

The clinical impact of alternative antiplatelet therapy in CYP2C19
LoF allele carriers stems from their pharmacologic characteristics.
Indeed, ticagrelor does not require hepatic activation by the CYP2C19
enzyme, while the role of this enzyme in the conversion of prasugrel
into its active metabolite is limited.3> Moreover, cilostazol is a selec-
tive phosphodiesterase-3 inhibitor that inhibits platelet aggregation
by increasing cyclic adenosine monophosphate in platelets and is
not affected by the CYP2C19 enzyme.** However, the compara-
tive effects of these alternative antiplatelet agents among CYP2C19
LoF carriers has never been tested. Because platelet reactivity as-
sessed by PFT is closely associated with adverse clinical outcomes,
we performed a network meta-analysis of RCTs comparing different
alternative antiplatelet agents among CYP2C19 LoF carriers and re-
porting measures deriving from PFT.” We found that all strategies
were associated with reduced rates of HPR, but that the reduction
in platelet reactivity varied widely across the different alternative reg-
imens, being maximum with standard dose of the newer generation
P2Y;, inhibitors (prasugrel 10 mg od or ticagrelor 90 mg bid), and
progressively decreasing with the reduction of its dose (i.e. prasugrel
5 and 3.75 mg). There is no data with reduced dose of ticagrelor
(e.g. 60 mg bid). Notably, double-dose clopidogrel and additional
cilostazol had a modest reduction in platelet reactivity, compared
with standard-dose clopidogrel. These findings are consistent with
previous studies, but add important insights on how reduced doses
of prasugrel may perform in CYP2C19 LoF carriers compared with
other doses and other alternative strategies. In fact, a dose reduc-
tion of prasugrel after a short course of standard DAPT represents
one of the possible de-escalation strategies after ACS/PCI, although
the clinical evidence in support of this strategy is scarce and com-
parative effects of different de-escalation antiplatelet strategies are
lacking.*>~48

Moreover, our results support previous findings suggesting that
adjunctive cilostazol on top of DAPT could enhance the inhibition of
P2Y;; signalling, reducing platelet reactivity and improving outcomes
in patients undergoing PCL.* However, it should be acknowledged
that VerifyNow is a test primary designed to assess the effects of
P2Y4, inhibitors, and therefore it is inevitably less sensitive to assess
the antiplatelet effects of cilostazol.

Given the importance of OPR in optimizing the balance between
ischaemic and bleeding risks in ACS/PCI patients, our findings suggest
that a reduced-dose of prasugrel may provide an adequate balance
between efficacy, by reducing the rates of HPR in carriers of CYP2C19
LoF, and safety, by reducing the rates of patients expected to be at LPR
compared to other alternative strategies (i.e. standard-dose ticagrelor
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or prasugrel).3? These findings are hypothesis generating and should

be confirmed in dedicated clinical studies.

Limitations

This analysis has several limitations. First, this is a study-level rather
than a patient-level meta-analysis. Therefore, it was not possible to
stratify the analysis according to IM vs PM. In fact, the proportion of
IM or PM was not reported in 6 out of the 12 included trials, but
only represented a minority in the population of the other 6 RCTs.
Although the pre-specified sensitivity analysis according to ethnicity
found consistent results after excluding East Asian patients—that are
those characterized by the higher prevalence of PM—further studies
specifically focusing on IM are needed to support the validity of our
findings in these patients. Second, we focused on PD measures rather
than clinical outcomes as our endpoints. This was due to the fact that
RCTs reporting clinical outcomes in this setting are scarce and do
not allow for the implementation of a network to compare different
alternative antiplatelet strategies. Therefore, whether these findings
could translate into similar clinical outcomes remains to be explored.
Third, although we performed a sensitivity analysis according to eth-
nicity, it should be acknowledged that RCTs reporting outcomes of
low-dose prasugrel were exclusively conducted in East Asians, thus
limiting the generalizability of its findings to other ethnicities.>® Forth,
the secondary endpoint result of HPR should be interpreted with
caution, given that trial-defined HPR definitions were used, the limited
statistical power and the fact that this outcome was not available for
allincluded regimens. Fifth, a limitation in several of the provided effect
estimates is represented by the presence of ‘open-loops’, thus mainly
relying on indirect comparisons. Nevertheless, the results obtained
through the node-split analysis for the closed loops, showed consis-
tency between direct, indirect, and network evidence for both the
primary and secondary endpoints and provide an important focus on
the reliability of standard-dose prasugrel when compared to standard-
and high-dose clopidogrel. Sixth, the population included in our analy-
sis encompassed both patients with ACS and CCS. Nevertheless, we
conducted a pre-specified sensitivity analysis to explore the influence
of clinical presentation among outcomes. Seventh, the timing in the
evaluation of platelet reactivity differed across studies, but the optimal
timing for PFT to be performed remains debated.®

Conclusions

Our findings show that all alternative antiplatelet strategies reduced
platelet reactivity compared to standard-dose clopidogrel among car-
riers of CYP2C19 LoF alleles, but the reduction varies widely across
strategies. Standard-dose prasugrel or ticagrelor are associated with
the greatest reduction in platelet reactivity, followed by low- and
very low-dose of prasugrel. Double-dose clopidogrel and adjunctive
cilostazol showed modest effects. Reduced-dose of prasugrel may
represent a balanced strategy to overcome high-platelet reactivity
without a significant increase in bleeding. The clinical implications of
these pharmacodynamic findings warrant further investigation.
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Supplementary material is available at European Heart Journal—
Cardiovascular Pharmacotherapy online.
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