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Aims Guidelines recommend the use of potent P2Y12 inhibitors over clopidogrel for the reduction of ischaemic events
in patients with acute coronary syndrome (ACS). However, this comes at the expense of increased bleeding. A
guided selection of P2Y12 inhibiting therapy has the potential to overcome this limitation. We aimed at evaluating
the comparative safety and efficacy of guided vs. routine selection of potent P2Y12 inhibiting therapy in patients
with ACS.

...................................................................................................................................................................................................
Methods
and results

We performed a network meta-analysis of randomized controlled trials (RCTs) comparing different oral P2Y12

inhibitors currently recommended for the treatment of patients with ACS (clopidogrel, prasugrel, and ticagrelor).
RCTs including a guided approach (i.e. platelet function or genetic testing) vs. standard selection of P2Y12 inhibitors
among patients with ACS were also included. Incidence rate ratios (IRR) and associated 95% confidence intervals
(CIs) were estimated. P-scores were used to estimate hierarchies of efficacy and safety. The primary efficacy end-
point was major adverse cardiovascular events (MACE) and the primary safety endpoint was all bleeding. A total of
61 898 patients from 15 RCTs were included. Clopidogrel was used as reference treatment. A guided approach
was the only strategy associated with reduced MACE (IRR: 0.80, 95% CI: 0.65–0.98) without any significant trade-
off in all bleeding (IRR: 1.22, 95% CI: 0.96–1.55). A guided approach and prasugrel were associated with reduced
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myocardial infarction. A guided approach, prasugrel, and ticagrelor were associated with reduced stent thrombosis.
Ticagrelor was also associated with reduced total and cardiovascular mortality. Prasugrel was associated with
increased major bleeding. Prasugrel and ticagrelor were associated with increased minor bleeding. The incidence of
stroke did not differ between treatments.

...................................................................................................................................................................................................
Conclusion In patients with an ACS, compared with routine selection of potent P2Y12 inhibiting therapy (prasugrel or ticagre-

lor), a guided selection of P2Y12 inhibiting therapy is associated with the most favourable balance between safety
and efficacy. These findings support a broader adoption of guided approach for the selection of P2Y12 inhibiting
therapy in patients with ACS.

...................................................................................................................................................................................................
Study registration
number

This study is registered in PROSPERO (CRD42021258603).
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Key Question

A guided selection of P2Y12 inhibiting therapy using platelet function or genetic testing improves outcomes among patients undergoing
percutaneous coronary intervention. Nevertheless, the comparative safety and efficacy of a guided versus routine selection of potent
P2Y12-inhibiting therapy in acute coronary syndrome has not been explored.
...................................................................................................................................................................................................
Key Finding

In a comprehensive network meta-analysis including the totality of available evidence and using clopidogrel as treatment reference, a
guided approach was the only strategy associated with reduced major adverse cardiovascular events without any significant trade-off in
bleeding. Prasugrel and ticagrelor increased bleeding and only ticagrelor reduced mortality.
...................................................................................................................................................................................................
Take Home Message

A guided selection of P2Y12-inhibiting therapy represents the strategy associated with the most favourable balance between safety and effi-
cacy. These findings support a broader adoption of guided P2Y12 inhibiting therapy in patients with acute coronary syndrome.
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...................................................................................................................................................................................................

Structured Graphical Abstract Forest plots and ranking of treatments for primary outcomes. Guided selection of P2Y12 inhibiting was the
only strategy associated with reduced major adverse cardiovascular events without any increase of bleeding (forest plots). Ranking of treatments
according to P-scores showed guided therapy to be the strategy with the best balance between safety and efficacy. P-scores range between 0 and 1:
the higher the P-score value, the higher the likelihood that a therapy is more effective or safe. Guided approach showed the best P-score for MACE
(0.931) and the second-best P-score for all bleeding (0.569). Clopidogrel showed the best P-score for all bleeding (0.983) but the poorest P-score for
MACE (0.199). Prasugrel showed the second-best P-score for MACE (0.673) but a poor P-score for all bleeding (0.233). Ticagrelor showed a poor P-
score for both MACE and all bleeding (0.198 and 0.214, respectively). CI, confidence interval; IRR, incidence rate ratio; MACE, major adverse cardio-
vascular events.
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Keywords Antiplatelet therapy • Acute coronary syndrome • Clopidogrel • Prasugrel • Ticagrelor •
Platelet function • Genetic testing • P2Y12 inhibitors

Introduction

Oral P2Y12 inhibitors (clopidogrel, prasugrel, and ticagrelor) used
in conjunction with aspirin constitute a key strategy for the pre-
vention of ischaemic recurrences in patients with acute coronary
syndrome (ACS).1 Prasugrel and ticagrelor are characterized by
more potent P2Y12 inhibitory effects and have shown to reduce
major adverse cardiovascular events (MACE) compared with clo-
pidogrel in large randomized controlled trials (RCTs).2–4

Accordingly, in the absence of contraindications, guidelines rec-
ommend their use over clopidogrel for the treatment of patients
with ACS.1,5–7 However, such ischaemic benefit is counterbal-
anced by an increased risk of bleeding.2–4 Importantly, bleeding
carries significant prognostic implications, including increased
mortality, similar or worse than a recurrent ischaemic event.8

There is growing evidence that, compared with more potent
P2Y12 inhibitors, the reduced efficacy of clopidogrel largely
depends on its interindividual variability in pharmacokinetic and
pharmacodynamic effects resulting in high platelet reactivity
(HPR), a modifiable marker of thrombotic risk, in up to 30% of
treated patients (‘clopidogrel poor responders’).9,10 Indeed, clo-
pidogrel is a pro-drug that requires a two-step oxidation process
by the hepatic cytochrome P450 (CYP) system to be activated,
and carriers of genetic variants affecting the function of this en-
zyme significantly impact clopidogrel response.10,11 On the other
hand, enhanced platelet inhibition induced by prasugrel and tica-
grelor is associated with increased risk of bleeding without any
reduction of ischaemic events among patients responding to
clopidogrel.9,12,13

Against this background, a number of RCTs have tested the safety
and efficacy of platelet function and genetic testing as tools to guide
P2Y12 inhibiting therapy by selectively administering the more potent
and predictable ticagrelor or prasugrel to clopidogrel poor respond-
ers.10,13 Although results of individual RCTs have not yielded consist-
ent results, largely driven by their limited sample sizes, a recent meta-
analysis overcoming such limitation found that a strategy of a guided
selection of antiplatelet therapy is associated with improved out-
comes as compared with standard selection of antiplatelet therapy
among patients undergoing percutaneous coronary interventions
(PCI).14 Nevertheless, pooled analysis specifically focused on the
acute setting and comparing a guided selection of P2Y12 inhibitors to
the standard of care potent P2Y12 inhibitors are lacking. Therefore,
the default use of potent P2Y12 inhibitors may still be considered the
preferred treatment option for patients with ACS in light of the
higher level of evidence derived from large-scale pivotal RCTs.5,6,15

Comprehensive analyses providing comparative safety and efficacy of
currently recommended oral P2Y12 inhibitor strategies, including a
guided selection approach by means of platelet function or genetic
testing, may provide important insights on the best treatment to be
used in the specific setting of ACS.

Methods

Search strategy and selection criteria
This network meta-analysis was conducted according to the Cochrane
Handbook for Systematic Reviews of Interventions, reported according
to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 guidelines16 (Supplementary material online,
Table S1 for PRISMA-NMA checklist) and registered in PROSPERO
(CRD42021258603). We included RCTs comparing different oral P2Y12

inhibitors currently recommended for the treatment of patients with
ACS (clopidogrel, prasugrel, ticagrelor). RCTs including a guided ap-
proach (i.e. platelet function or genetic testing) vs. standard selection of
P2Y12 inhibitors among patients with ACS were also included. We
excluded studies in which patients without ACS accounted for more than
30% of the total population, as well as those with small sample size (<200
per arm), limited follow-up (<3 months), or using non-approved dose
regimens and non-randomized studies.

From database inception to 25 June 2021, we carried out a systematic
digital search using the MEDLINE with PubMed interface, the Cochrane
Central Register of Controlled Trials, Embase, and the Web of Science
databases. Moreover, we screened abstracts and presentations from the
following cardiovascular (CV) societies: European Society of Cardiology,
European Association of Percutaneous Cardiovascular Interventions,
American Heart Association, American College of Cardiology,
Transcatheter Cardiovascular Therapeutics, and Society of
Cardiovascular Angiography and Interventions. Search terms included:
‘clopidogrel’, ‘prasugrel’, ‘ticagrelor’, ‘acute coronary syndromes’,
‘randomized controlled trials’, ‘percutaneous coronary intervention’,
‘P2Y12 inhibitor’, ‘antiplatelet’, ‘guided’, ‘platelet function’, ‘genotype’, as
well as combinations of these terms (Supplementary material online,
Table S2 for the full search strategy). No restrictions were applied for
publication date. Previous meta-analyses on similar topics were exam-
ined. References of the included articles were inspected with a snowball
approach. Literature search terms were reviewed by an experienced
medical librarian.

Data extraction and risk of bias evaluation
Two investigators (M.G., S.B.) independently screened titles and abstracts
for eligibility as well as the full-text, supplementary material, online appen-
dices, and reference lists of each eligible study, to confirm the inclusion
criteria and to identify further published studies. The same two investiga-
tors independently performed data extraction. There were no restric-
tions with respect to the language used or publication status.
Disagreements were solved by consensus, and if unresolved, discussed
with the senior author. Among the RCTs that met the eligibility criteria,
risk of bias was independently assessed by two investigators (M.G., S.B.)
according to the Cochrane Collaboration risk-of-bias-tool 2.17 Five
domains of bias were evaluated: (i) randomization process, (ii) deviations
from intended interventions, (iii) missing outcome data, (iv) measurement
of the outcome, and (v) selection of the reported results.

Outcome measure
The primary efficacy outcome was MACE as defined in each individual
included trial (Supplementary material online, Table S3). Secondary
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efficacy endpoints included all-cause death, CV death, myocardial infarc-
tion (MI), stroke, and definite or probable stent thrombosis (ST). The pri-
mary safety endpoint was all bleeding. Secondary safety endpoints
included major bleeding and minor bleeding. Major, minor, or all bleeding
were defined according to trial definitions. We prioritized the Bleeding
Academic Research Consortium definition when available. If not
reported, we chose the Thrombolysis in Myocardial Infarction criteria or
Global Utilization of Streptokinase and t-PA for Occluded Coronary
Arteries criteria.

Statistical analysis
We performed a frequentist network meta-analysis of all available treat-
ments combining direct and indirect estimates by accounting for the cor-
relation among multi-arm trials.18 Clopidogrel represented the reference
treatment because RCTs testing the potent P2Y12 inhibitors considered
clopidogrel in the control arm.2,3 A patient/year approach was adopted
to address different follow-up times. Statistical heterogeneity was
assessed using the Cochran Q test, Higgins and Thompson’s I2 statistic
and heterogeneity variance s2, and standard deviation s.19 DerSimonian
and Laird random-effects model was used in case of high heterogeneity,
otherwise Mantel–Haenszel fixed-effects model were preferred. We esti-
mated incidence rate ratios (IRR) and associated 95% confidence intervals
(CIs), considering results as significant when the latter did not include the
null value. Consistency between direct and indirect sources was exam-
ined by the node-splitting technique and net heat plots.20 Ranking of
treatments according to P-scores were calculated as previously
described.21 Ranks range between 0 and 1: the higher the P-score value
for a given endpoint, the higher the likelihood that a therapy is more ef-
fective or safe. We carried out a pre-specified sensitivity analysis by
removing studies in which an invasive approach was not performed.
Three post-hoc sensitivity analyses were also included: (i) since indirect
comparisons from network meta-analysis provide observational evidence
across RCTs and may suffer the biases of observational studies, we run a
sensitivity analysis of direct comparisons; (ii) because the use of platelet
function tests results in a delay in treatment allocation based on drug re-
sponse in the setting of ACS, we run a sensitivity analysis excluding the
studies adopting this approach; and (iii) although we only included studies
in which the population consisted in large part of patients with ACS, we
performed a sensitivity analysis excluding trials not enrolling only ACS
patients. Finally, pre-specified meta-regressions with a Bayesian frame-
work and simple adjustment were carried out to assess the impact of age,
proportion of patients with ST-elevation MI (STEMI) and year of publica-
tion on outcomes, considering the trial-level value obtained by averaging
those of the study arms as the covariate. The goodness-of-fit of the re-
gression models was compared with that of the original model by means
of the Deviance Information Criterion (DIC), considering a five-unit DIC
reduction suggestive for a goodness-of-fit improvement. All analyses
were performed using R 3.6 (The R Project for Statistical Computing,
Vienna, Austria), packages ‘netmeta’ and ‘gemtc’.

Results

Study selection and baseline
characteristics
After removal of duplicates, a total of 9083 potentially relevant
articles were screened. The PRISMA flow diagram is illustrated in
Supplementary material online, Table S4. Fifteen RCTs with a total of
61 898 patients and a mean follow-up of 11.9 months met the eligibil-
ity criteria and were included in the analysis. The network of

treatment regimens used in the present study is represented in
Figure 1. Direct effects estimate included direct comparisons for all
treatments and the contribution of direct vs. indirect comparisons
for each outcome is reported in Supplementary material online,
Table S5. Among RCTs testing a guided selection of P2Y12 inhibitor,
two used platelet function testing and three used genetic testing.22–26

The use of an invasive strategy was high among included studies ex-
cept for TRILOGY-ACS,27 which was for patients with ACS under-
going medical therapy. A description of the main features of each trial
is reported in Supplementary material online, Table S3 and baseline
clinical features are shown in Supplementary material online, Table
S6. The risk of bias for each study and the estimate of overall risk of
bias are reported in Supplementary material online, Table S7. Eight
RCTs were at low risk for bias, three raised some concerns and four
were at high risk of bias. There was no significant inconsistency be-
tween direct and indirect estimates for all included outcomes
(Supplementary material online, Tables S8, S10, and S11). The defin-
ition of the composite outcomes of MACE and all bleeding varied
slightly between studies leading to moderate/high statistical hetero-
geneity (Supplementary material online, Table S12). Therefore, the
more conservative random effect model was used to assess these
outcomes.

Network meta-analysis results
Primary endpoints

Compared with clopidogrel, there was a statistically significant reduc-
tion in the primary efficacy endpoint of MACE with a guided ap-
proach (IRR: 0.80, 95% CI: 0.65–0.98) but not with prasugrel (IRR:
0.89, 95% CI: 0.77–1.03) and ticagrelor (IRR: 1.00, 95% CI; 0.86–1.18)
(Figure 2). Guided selection of P2Y12 inhibiting therapy was associated
with a marginally significant reduction of MACE compared with tica-
grelor (IRR: 0.79, 95% CI: 0.63–1.00) but the reduction was not statis-
tically significant when this was compared with prasugrel (IRR: 0.90,
95% CI: 0.72–1.12) (Supplementary material online, Table S8).

The primary safety endpoint of all bleeding was significantly
increased with prasugrel (IRR: 1.36, 95% CI: 1.14–1.63) and ticagrelor
(IRR: 1.37, 95% CI: 1.16–1.61) but not with a guided approach (IRR:

Figure 1 Treatment network. Numbers refer to patient/year.
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.1.22, 95% CI: 0.96–1.55), compared with clopidogrel (Figure 2). There
was a non-significant reduction of all bleeding favouring a guided se-
lection of P2Y12 inhibiting therapy compared with both prasugrel and
ticagrelor (Supplementary material online, Table S8).

Secondary efficacy endpoints

Compared with clopidogrel, a guided selection of P2Y12 inhibiting
therapy was associated with a marginally significant reduction and
prasugrel and ticagrelor with a significant reduction of ST, while only
a guided approach and prasugrel significantly reduced the incidence
of MI (Figure 2). A guided selection of P2Y12 inhibiting therapy was
associated with a numerical reduction and ticagrelor with a numerical
increase of stroke, but none of the treatments significantly impacted
this risk compared with clopidogrel (Figure 2). There was a significant
reduction of MI favouring a guided selection of P2Y12 inhibiting ther-
apy compared with ticagrelor and a borderline significant reduction
of ST with prasugrel compared with ticagrelor (Supplementary ma-
terial online, Table S8).

Secondary safety endpoints

Prasugrel and ticagrelor, but not a guided selection of P2Y12 inhibiting
therapy, were associated with increased the risk of minor bleeding
while only prasugrel significantly increased the risk of major bleeding,
compared with clopidogrel (Figure 2). There was a significant reduc-
tion of minor bleeding favouring a guided selection of P2Y12 inhibiting
therapy compared with both prasugrel and ticagrelor (Supplemen-
tary material online, Table S8).

Mortality endpoints

Guided selection of P2Y12 inhibiting therapy as well as prasugrel and
ticagrelor were associated with similar numerical reduction of all-
cause and CV mortality, albeit reaching statistical significance only
with ticagrelor, compared with clopidogrel (Figure 2). There were no
significant differences between other treatment comparisons (Sup
plementary material online, Table S8).

Sensitivity analysis and meta-regression
Pre-specified analysis

Results were consistent at sensitivity analyses conducted only in
patients undergoing invasive treatment, except for a significant
reduction of MI with ticagrelor compared with clopidogrel and a
borderline significant increase of major bleeding with prasugrel
compared with clopidogrel (Supplementary material online, Table
S13). Meta-regression analyses did not show any significant im-
pact of age, percentage patients with STEMI, and year of publica-
tion on outcomes, except for a significant interaction between
year of publication and all bleeding (Supplementary material on-
line, Table S14).

Post-hoc analysis

The sensitivity analysis of direct comparisons showed the results
were consistent with that of the main analysis (Supplementary mater-
ial online, Table S9). At sensitivity analysis excluding the two studies
adopting platelet function tests (ANTARCTIC and TROPICAL-
ACS), results were consistent with the main analysis excepting for a
borderline non-significant reduction of MACE and a non-significant

Figure 2 Forest plots for the included outcomes. Incidence rate ratio and 95% confidence intervals compared with clopidogrel (reference strat-
egy) are plotted. The outcomes of major adverse cardiovascular events, all bleeding, and myocardial infarction were analysed with a random-effect
model, while in the other outcomes, a fixed-effect model was used.
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..reduction of ST with guided approach, compared with clopidogrel
(Supplementary material online, Table S15). Finally, at sensitivity ana-
lysis excluding the only trial not enrolling only ACS (TAILOR-PCI),
results were consistent with the main analysis excepting for a non-
significant reduction of ST with guided approach, compared with clo-
pidogrel (Supplementary material online, Table S16). The results of
these two latter sensitivity analyses should be interpreted in the light
of some statistical limitations (Supplementary material online, Tables
S15 and S16).

Ranking of treatment strategies
Ranking of treatments according to P-scores for each outcome are
displayed in Figure 3. A guided selection of P2Y12 inhibiting therapy
ranked as best treatment with respect to the outcomes of MACE, MI,
stroke, and all-cause death. Prasugrel ranked as the best treatment
for the outcome of ST but showed the poorest performance for
bleeding outcomes. Ticagrelor ranked as best treatment for the out-
come of CV death but showed a poor performance, similar to that of
clopidogrel, for ischaemic outcomes and a poor performance for
bleeding outcomes. Clopidogrel ranked as the best treatment for
safety outcomes but showed the poorest performance on ischaemic
and mortality outcomes as compared with other P2Y12 inhibitor regi-
mens. A guided selection of P2Y12 inhibiting therapy ranked second
in terms of bleeding outcomes and was only slightly inferior to clopi-
dogrel for the outcome of major bleeding (P-score = 0.701 vs. 0.779).
Overall, a guided strategy showed the most favourable safety and effi-
cacy profile (Graphical Abstract).

Discussion

The results of this comprehensive network meta-analysis embracing
61 898 patients from 15 RCTs and comparing different P2Y12 inhibit-
ing strategies among patients with ACS showed that, compared with
clopidogrel, a guided selection of P2Y12 inhibitor is the only strategy
associated with a reduction of ischaemic events without a significant
trade-off in bleeding. The superior performance of a guided ap-
proach, using either platelet function or genetic testing, compared
with potent P2Y12 inhibitor regimens, was consistent at ranking of
treatments according to P-scores. In particular, a guided selection of
P2Y12 inhibiting therapy was associated with an efficacy profile similar
or superior to prasugrel and ticagrelor and was only slightly inferior
to clopidogrel in terms of safety (Graphical Abstract).

The need for less aggressive antithrombotic regimens to prevent
ischaemic complications with newer generation drug-eluting stents,
together with the increased understanding of the prognostic rele-
vance of bleeding events in patients undergoing PCI, have prompted
investigations aimed at identifying antiplatelet treatment regimens
associated with a more individualized and potentially favourable bal-
ance between ischaemic and bleeding risk.8,28 The cohort of ACS
patients represent a further challenge for the optimization of antith-
rombotic therapy, since they are not only at higher ischaemic but are
also at a higher bleeding risk.29 Patients treated with clopidogrel, but
not those treated with prasugrel or ticagrelor, are characterized by
interindividual variability in pharmacokinetic and pharmacodynamic
response with up to 30% of patients persisting with HPR, a modifiable
marker of thrombotic risk, also known as clopidogrel poor respond-
ers.10 These findings contribute to the reduced efficacy of clopidogrel

Figure 3 Ranking of treatments according to P-scores for each outcome. Coloured bars show the surface under the cumulative ranking curve
values for each endpoint. Higher bars correspond to higher surface under the cumulative ranking curve and indicate better performing treatments.
P-scores range between 0 and 1: the higher the P-score value, the higher the likelihood that a therapy is more effective or safe. major adverse cardio-
vascular events: 1� = guided (0.931), 2� = prasugrel (0.673), 3� = clopidogrel (0.199), and 4� = ticagrelor (0.198); all bleeding: 1� = clopidogrel
(0.983), 2� = guided (0.569), 3� = prasugrel (0.233), and 4� = ticagrelor (0.214); all death: 1� = guided (0.764), 2� = ticagrelor (0.756), 3� = prasugrel
(0.411), and 4� = clopidogrel (0.069); cardiovascular death: 1� = ticagrelor (0.771), 2� = guided (0.650), 3� = prasugrel (0.512), and 4� = clopidogrel
(0.066); myocardial infarction: 1� = guided (0.983), 2� = prasugrel (0.669), 3� = ticagrelor (0.337), and 4� = clopidogrel (0.011); stent thrombosis: 1�

= prasugrel (0.930), 2� = guided (0.633), 3� = ticagrelor (0.428), and 4� = clopidogrel (0.009); stroke: 1� = guided (0.891), 2� = prasugrel (0.574), 3�

= clopidogrel (0.472), and 4� = ticagrelor (0.063); major bleeding: 1� = clopidogrel (0.779), 2� = guided (0.701), 3� = ticagrelor (0.413), and 4� = pra-
sugrel (0.088); minor bleeding: 1� = clopidogrel (0.889), 2� = guided (0.776), 3� = ticagrelor (0.200), and 4� = prasugrel (0.136). *, best treatment.
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compared with more potent P2Y12 inhibitors and are largely attribut-
able to genetic polymorphisms of the CYP2C19 enzyme that lead to
reduced clopidogrel bioactivation and reduced effectiveness at
reducing platelet inhibition among patients carrying at least one loss-
of-function allele.10,13 On the other hand, enhanced platelet inhibition
induced by prasugrel and ticagrelor is associated with increased risk
of bleeding without any reduction of ischaemic events among
patients responding to clopidogrel.9,12,13 Against this background, the
use of platelet function and genetic testing have been implemented
to guide the selection of P2Y12 inhibiting therapy to the individual pa-
tient, favouring the use of clopidogrel for patients with adequate
platelet inhibitory effects (‘clopidogrel responders’) and reserving al-
ternative agents (i.e. prasugrel or ticagrelor) to those who do not
(‘clopidogrel poor responders’).10,13

Early RCTs investigating a guided selection of P2Y12 inhibiting ther-
apy failed to provide results supporting this strategy.13,14,26 An under-
standing of some of the limitations of these earlier studies as well as
the recognition that a guided strategy may result in different out-
comes depending on whether this results in escalation or de-
escalation of therapy according to the clinical setting (i.e. ACS or
non-ACS) in which it is adopted, led to the design of investigations
better suited to define the potential benefits of guided selection of
antiplatelet therapy.13,14,26 TROPICAL-ACS, POPular Genetics, and
TAILOR-PCI were three major RCTs that have recently provided im-
portant insights on the use of a guided strategy in the setting of
ACS.24–26 In particular, TAILOR-PCI was the largest RCT (n = 5302)
that was expected to better define the effectiveness of a genotype-
guided vs. a standard antiplatelet selection among PCI patients.25

Although a 34% reduction of MACE favoured the guided strategy at
12 months, this was not statistically significant given to the choice of a
very ambitious 85% power to show a 50% reduction of the primary
endpoint with guided therapy.25 Collectively, the inconclusive results
of RCTs in this setting were largely driven by their limited sample
sizes. A recent comprehensive pooled analysis overcoming low stat-
istical power of individual RCTs found a guided approach to improve
outcomes by reducing bleeding without any trade-off in efficacy
when de-escalation occurred and by reducing ischaemic events with-
out any trade-off in safety with escalation.14 Nevertheless, the lack of
data on the comparative safety and efficacy of guided vs. potent
P2Y12 inhibiting therapy in the specific setting of ACS may still favour
the default use of prasugrel or ticagrelor in these patients, given the
evidence in support of their use stems from large-scale pivotal
RCTs.5,6,15 Furthermore, while broadly available, many centres are
still not familiar with the use of tools to guide antiplatelet selection,
which together with the lack of data on the comparative safety and
efficacy of guided selection of P2Y12 inhibitors vs. the currently refer-
ence standards in ACS prasugrel or ticagrelor, might limit this strat-
egy in clinical practice.

In this network meta-analysis embracing the totality of available
evidence on the topic, we found that a guided selection of P2Y12

inhibiting therapy represents the strategy with the best balance be-
tween safety and efficacy. Indeed, prasugrel was effective in reducing
individual ischaemic events compared with clopidogrel, and more ef-
fective than ticagrelor in reducing ST, but was associated with a sig-
nificant increase of bleeding, including major bleeding. These findings
are consistent with prior trials of prasugrel and indeed attributed to
its potent and irreversible P2Y12 inhibitory effects.2,30 Notably,

prasugrel ranked second for the outcome of MACE but the benefit it
yielded compared with clopidogrel was not statistically significant in
our analysis. This may be due to use of the more conservative
random-effects model, as heterogeneity for this outcome was high,
and to the fact MACE was the composite of CV death, MI, and stroke
in the majority of trials. Indeed, this did not include the outcome of
ST that was strongly reduced by prasugrel, but included stroke, an
outcome in which prasugrel showed neutral results. Moreover, the
effect size prasugrel yielded for the outcome of CV death and MI was
lower compared with that of a guided approach. On the other hand,
compared with clopidogrel, ticagrelor was the only strategy associ-
ated with a significant reduction of the risk of mortality, but increased
minor and all bleeding, and yielded a less pronounced reduction of is-
chaemic events compared with a guided approach and prasugrel. Of
note, we found the guided approach to reduce MACE and MI com-
pared with ticagrelor. The superiority of prasugrel vs. ticagrelor and
non-inferiority of clopidogrel vs. ticagrelor on ischaemic events have
been previously described in RCTs and observational studies.31–34

Similarly, other reports have shown ticagrelor to be associated with
reduced mortality in patients with ACS.3,35 This finding can potential-
ly be attributed to the pleiotropic mechanisms of ticagrelor, including
increased plasma levels of adenosine, and support the concept that
there may be a mortality benefit independent of a reduction of is-
chaemic events.36 However, such observations have not been
observed in other studies and warrants further investigation.32,34

Finally, as expected, clopidogrel represented the safest treatment (i.e.
lowest risk of bleeding) but showed a poor performance on ischae-
mic and mortality outcomes as compared with others P2Y12 inhibitor
regimens.

The implementation of a guided selection of P2Y12 inhibiting ther-
apy may have an important economic impact not only by reducing
costs related to the use of less expensive and broadly available treat-
ments (i.e. clopidogrel), but also because of its associated improved
outcomes.37,38 Indeed, these considerations largely offset any con-
cerns surrounding the added costs of platelet function or genetic
tests, which are now broadly available as rapid and easy to use bed-
side assays.13 Platelet function and genetic testing each have advan-
tages and disadvantages.10,13 While platelet function testing provides
a direct measure of individual response to P2Y12 inhibitors, it is char-
acterized by an assay-dependent variability in results and requires the
patient to be on treatment with clopidogrel to assess clopidogrel re-
sponsiveness, a feature that may represent a limitation in the setting
of ACS. Genetic testing performed to identify functional alleles of the
hepatic cytochrome CYP2C19 enzyme does not require the patient
to be on clopidogrel and results remain unchanged over time.
Nevertheless, CYP2C19 genotypes only contribute in part to clopi-
dogrel response, and integrating results of genetic testing with clinical
variables has shown to increase the accuracy in identifying patients
with HPR.39 Of note, awareness of how an individual responds to clo-
pidogrel may represent important information in the light of the
emerging evidence supporting the use of P2Y12 inhibitor monother-
apy for long-term secondary prevention.11,40,41

Study limitations
Our meta-analysis has limitations. First, the absence of patient-level
data prevents assessment of baseline clinical and procedural charac-
teristics that may potentially impact safety and efficacy outcomes as
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well as of outcomes not previously reported. In particular, despite
we only included studies in which the population consisted in large
part of ACS, a small percentage of non-ACS patients was enrolled in
one of the included studies. Nevertheless, we have run a post-hoc sen-
sitivity analysis excluding this study. Second, amongst studies testing a
guided vs. standard selection of P2Y12 inhibitors, both platelet func-
tion and genetic testing were used as tools to guide the drug selection
in the guided therapy arm. Nevertheless, a previous meta-analysis on
the topic found no differences in the use of one or the other strat-
egy.14 Third, there was some statistical and baseline heterogeneity
among studies for the outcomes of MACE and all bleeding. To at least
partially overcome this limitation, we used the more conservative
random-effects model for these outcomes. Fourth, it may be argued
that the ranking of treatments may be imprecise, could include minor
absolute difference between comparisons, and could hide risk of
bias/limitations within each comparison. Nevertheless, we used rank-
ing of treatments as a graphical tool to facilitate the appraisal of the
main results as recommended by Cochrane Handbook, and the
results of ranking were consistent with the results of the main ana-
lysis. Fifth, there was an imbalance in the number of patients included
in some comparisons. Nevertheless, even the less represented treat-
ment strategy of guided selection accounts for a total of 5622
patients/year from 5 RCTs, and direct effects estimate included direct
comparisons based on RCTs for all treatments. Finally, as the overall
use of invasive strategy among included RCTs was very high and only
one RCT (which was excluded in a sensitivity analysis) included con-
servatively treatment patients, the results of our analysis apply to
ACS patients treated with PCI.

Conclusions

Among patients with ACS, a guided selection of P2Y12 inhibiting ther-
apy represents the strategy associated with the most favourable bal-
ance between safety and efficacy providing significant protection
against ischaemic recurrences without enhancing the risk of bleeding.
Whether a guided approach represents the best strategy for reducing
mortality warrants further investigations. These findings support a
broader adoption of tools, including platelet function and genetic
testing, to enable a more personalized selection of antiplatelet ther-
apy among patients with ACS.

Supplementary material

Supplementary material is available at European Heart Journal online.
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