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Abstract

BACKGROUND: New randomized, controlled trials have become available on oral P2Y12 

inhibitors in acute coronary syndrome. We aimed to evaluate current evidence comparing the 

efficacy and safety profile of prasugrel, ticagrelor, and clopidogrel in acute coronary syndrome by 

a meta-analysis of randomized controlled trials.

METHODS: We performed a network meta-analysis and direct pairwise comparison analysis of 

efficacy and safety outcomes from 12 randomized controlled trials including a total of 52 816 

patients with acute coronary syndrome.

RESULTS: In comparison with clopidogrel, ticagrelor significantly reduced cardiovascular 

mortality (hazard ratio [HR], 0.82 [95% CI, 0.72–0.92]) and all-cause mortality (HR, 0.83 [95% 

CI, 0.75–0.92]), whereas there was no statistically significant mortality reduction with prasugrel 
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(HR, 0.90 [95% CI, 0.80–1.01] and HR, 0.92 [95% CI, 0.84–1.02], respectively). In comparison 

with each other, there were no significant differences in mortality (HR prasugrel versus ticagrelor, 

1.10 [95% CI, 0.94–1.29] and 1.12 [95% CI, 0.98–1.28]). In comparison with clopidogrel, 

prasugrel reduced myocardial infarction (HR, 0.81 [95% CI, 0.67–0.98]), whereas ticagrelor 

showed no risk reduction (HR, 0.97 [95% CI, 0.78–1.22]). Differences between prasugrel and 

ticagrelor were not statistically significant. Stent thrombosis risk was significantly reduced by both 

ticagrelor and prasugrel versus clopidogrel (28%–50% range of reduction). In comparison with 

clopidogrel, both prasugrel (HR, 1.26 [95% CI, 1.01–1.56]) and ticagrelor (HR, 1.27 [95% CI, 

1.041–55]) significantly increased major bleeding. There were no significant differences between 

prasugrel and ticagrelor for all outcomes explored.

CONCLUSIONS: Prasugrel and ticagrelor reduced ischemic events and increased bleeding in 

comparison with clopidogrel. A significant mortality reduction was observed with ticagrelor only. 

There was no efficacy and safety difference between prasugrel and ticagrelor.

REGISTRATION: URL: https://www.crd.york.ac.uk/PROSPERO/; Unique identifier: 

CRD42019155648.
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Oral P2Y12 receptor inhibitors in combination with aspirin constitute the foundation of 

antiplatelet strategy after acute coronary syndrome (ACS).1,2 Current international 

guidelines recommend the P2Y12 inhibitors, ticagrelor or prasugrel over clopidogrel for 

patients with ACS3–5 because of the higher potency, faster onset of action, and lower 

interindividual variability that have in turn translated into improved clinical outcomes in the 

ACS setting.6–10

In a large double-blind randomized controlled trial (RCT) that compared prasugrel with 

clopidogrel in patients with ACS undergoing percutaneous coronary intervention, prasugrel 

was associated with a significant reduction of the composite end point of cardiovascular 

(CV) death, myocardial infarction (MI) and stroke, and stent thrombosis, but with an 

increased risk of major bleeding.10 In another pivotal large randomized double-blind trial, 

ticagrelor was compared with clopidogrel in patients with ACS with or without ST-segment 

elevation. Ticagrelor significantly reduced the composite rate of death from vascular causes, 

MI, or stroke and overall mortality with an increase in spontaneous major bleeding.9 Smaller 

randomized trials with potent oral P2Y12 inhibitors in comparison with clopidogrel have 

yielded conflicting results, and a recent randomized open-label trial comparing prasugrel 

and ticagrelor reported the greater efficacy of prasugrel over ticagrelor without any apparent 

trade-off in bleeding risk.11 Within this framework, we aimed to perform a meta-analysis of 

RCTs designed to assess the efficacy and safety of oral P2Y12 receptor inhibitors in the 

setting of ACS.

METHODS

The data, analytical methods, and study materials will be available to other researchers to 

reproduce the results or replicate the procedure from the corresponding author on reasonable 
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request. Established methods recommended by the Cochrane Collaboration were used to 

conduct the meta-analysis.12 The findings were reported according to the Preferred 

Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) statement.13 The 

following databases were searched: Cochrane Central Register of Controlled Trials, 

MEDLINE, EMBASE, TCTMD (https://www.tctmd.com/), ClinicalTrials.gov, Clinical Trial 

Results (http://www.clinicaltrialresults.org), and major congress proceedings, from database 

inception date through October 19, 2019. The following keywords were used: ticagrelor, 

prasugrel, clopidogrel, P2Y12 inhibitor, randomized, controlled trial, ACS (Table I in the 

Data Supplement).

The main inclusion criteria were: (1) randomized trials investigating oral P2Y12 inhibitors 

(clopidogrel, prasugrel, or ticagrelor) administered in patients with ACS, (2) studies 

designed to investigate clinical outcomes, (3) studies reporting CV clinical outcomes of 

interest, and (4) studies investigating beyond a 30-day follow-up. Studies were excluded if 

they (1) investigated different regimens of the same P2Y12 inhibitor compared against one 

another; (2) were designed as pharmacokinetics/pharmacodynamics studies, primarily 

designed for analysis of platelet reactivity; (3) had a crossover design; and (4) had a 

nonrandomized design.

Quality Assessment and Data Extraction

Two investigators (M.K., S.K.) not involved in any of the selected trials independently 

abstracted the data using prespecified forms, appraised the accuracy of the abstractions, and 

resolved any discrepancies by consensus after discussion with a third investigator (E.P.N.). 

The data were abstracted on baseline characteristics of the trials and participants, outcomes, 

sample sizes, and follow-up duration. Two investigators (M.K., S.K.) independently 

appraised the potential risks of bias of the randomized clinical trials using the Cochrane Risk 

of Bias Tool.12

Outcome Measures

The prespecified efficacy and safety end points were analyzed. The efficacy end points were 

CV mortality, all-cause mortality, MI, stroke, definite or probable stent thrombosis (ST); the 

safety end point was major bleeding.

Statistical Analysis

We performed the frequentist network meta-analyses to generate direct and indirect evidence 

among interventions. Heterogeneity was interpreted by inconsistency factor (I2) with <25% 

considered low, 25% to 50% moderate, and >50% high.12 The model selection was based on 

I2; we selected the fixed-effects model if heterogeneity was low, and alternatively the 

random-effects model was selected for higher I2 values. We used network meta-analysis 

(NMA) methods on all available treatment comparisons to provide the most comprehensive 

evidence, incorporating direct comparisons within trials between 2 treatments (such as 

ticagrelor or prasugrel versus clopidogrel) and indirect comparisons from trials having 1 

treatment in common (such as ticagrelor versus prasugrel using trials comparing ticagrelor 

versus clopidogrel and clopidogrel versus prasugrel). Estimates were reported as hazard ratio 

(HR) with 95% CIs to account for time-to-event data. The consistency between direct and 
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indirect sources of evidence was examined by the node-splitting method (Table II in the Data 

Supplement). The P-score metric was used to assess comparative hierarchy of efficacy and 

safety of the treatments. The value of P-score ranges between 0 and 1, that is, the higher the 

value, the higher the likelihood that a therapy is highly effective or safe, and lower value 

demonstrates that a therapy is ineffective. The results were regarded as significant when the 

95% CIs of the HRs did not include the unit value.

Direct pairwise meta-analyses were performed using the Mantel-Haenszel fixed-effects 

model or the DerSimonian and Laird random-effects model, where appropriate, reporting 

direct estimates. P<0.05 was considered statistically significant for statistical pairwise 

comparisons. Publication bias was estimated using the Egger regression test (Table III in the 

Data Supplement).

All analyses were performed using R Project for Statistical Computing-“netmeta” package 

and comprehensive Meta-Analysis version 3.1 (Biostat). The protocol was registered in 

https://www.crd.york.ac.uk/PROSPERO/; Unique identifier: CRD42019155648.

RESULTS

Of 7398 articles, 6057 were screened after removal of duplicates and screening at the title 

and abstract level, and an additional 29 full-text articles were removed based on a priori 

selection criteria. Ultimately, 12 trials (52816 patients) met inclusion criteria (Figure IA and 

IB in the Data Supplement).

Median follow-up of the included studies was 12 months. Most trials compared novel oral 

P2Y12 inhibitor (6 trials with ticagrelor9,14–18 and 4 with prasugrel10,19–21) against 

clopidogrel, 2 trials compared novel P2Y12 inhibitors against each other11,22 (Table). In 9 

trials, all patients underwent invasive evaluation for their index ACS event.10,11,14–17,19,21–23 

The mean age of study participants was 63.7 years; 29.9% and 54.8% were admitted with 

ST-segment-elevation MI and non-ST-segment-elevation MI, respectively; and 27.2% of 

patients had diabetes mellitus (Table IV in the Data Supplement).

Five studies had an open-label design11,14,16,20–22 (Table V in the Data Supplement). With 

reference to other aspects of study conduction (selection, detection, attrition, reporting, and 

other bias), all studies were generally considered to be of a low bias risk.

Efficacy

CV Mortality—Twelve trials (52 816 patients) reported 2035 (3.8%) CV mortality events. 

In comparison with clopidogrel, ticagrelor was associated with a significant reduction in CV 

mortality (HR, 0.82 [95% CI, 0.72–0.92]), whereas CV mortality was not significantly 

reduced with prasugrel (HR, 0.90 [95% CI, 0.80–1.01]; Figure 1A). There were no 

significant differences between prasugrel and ticagrelor: HR prasugrel versus ticagrelor, 1.10 

(95% CI, 0.94–1.29). There was low heterogeneity among treatments (I2=10.1%). Direct 

pairwise comparison analyses yielded consistent results with significant CV mortality 

reduction associated with ticagrelor versus clopidogrel (HR, 0.80 [95% CI, 0.71–0.92], 

P<0.001; Figure 1B).
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All-Cause Mortality—Twelve trials (52 816 patients) reported 2537 (4.8%) all-cause 

mortality events. In comparison with clopidogrel, ticagrelor was associated with a significant 

reduction in all-cause mortality (HR, 0.83 [95% CI, 0.75–0.92]), whereas prasugrel showed 

no significant difference (HR, 0.92 [95% CI, 0.84–1.02]; Figure IIA in the Data 

Supplement). There were no significant differences between prasugrel and ticagrelor: HR 

prasugrel versus ticagrelor, 1.12 (95% CI, 0.98–1.28). There was low heterogeneity among 

treatments (I2=21.7%). Similar results were obtained with the pairwise meta-analysis 

(Figure IIB in the Data Supplement).

Noncardiovascular Mortality—Eleven trials (51 373 patients) reported 475 (0.9%) 

noncardiovascular mortality events. In comparison with clopidogrel, there was no significant 

difference with ticagrelor (HR, 0.97 [95% CI, 0.80–1.16]) or prasugrel (HR, 0.88 [95% CI, 

0.75–1.04]; Figure IIC in the Data Supplement). Similarly, there were no significant 

differences between prasugrel and ticagrelor: HR prasugrel versus ticagrelor, 0.89 (95% CI, 

0.60–1.31). There was moderate heterogeneity among treatments (I2=35.5%). Similar results 

were obtained with the pairwise meta-analysis (Figure IID in the Data Supplement).

Myocardial Infarction—Twelve trials (52 816 patients) in total reported 3440 (6.5%) MI 

events. In comparison with clopidogrel, prasugrel was associated with a significant reduction 

in MI (HR, 0.81 [95% CI, 0.67–0.98]), whereas ticagrelor was not (HR, 0.97 [95% CI, 0.78–

1.22]; Figure 2A). There were no significant differences between prasugrel and ticagrelor: 

HR prasugrel versus ticagrelor, 0.83 (95% CI, 0.64–1.07). There was high heterogeneity 

among treatments (I2=58.7%). Direct pairwise meta-analysis showed significant MI 

reduction with prasugrel in comparison with clopidogrel (HR, 0.84 [95% CI, 0.72–0.98], 

P=0.03), whereas no significant differences emerged between prasugrel and ticagrelor 

(Figure 2B).

In a NMA sensitivity analysis performed by excluding the periprocedural MI (type 4), and 

focused on re-MI only, in comparison with clopidogrel, a significant reduction of MI was 

observed with both prasugrel (HR, 0.72 [95% CI, 0.59–0.87]) and ticagrelor (HR, 0.85 [95% 

CI, 0.73–0.98]; Figure 2C).

Definite or Probable ST—Seven trials (40 459 patients) reported 568 (1.4%) definite or 

probable ST events. In comparison with clopidogrel, both ticagrelor (HR, 0.72 [95% CI, 

0.58–0.90]) and prasugrel (HR, 0.50 [95% CI, 0.38–0.64]) were associated with a significant 

reduction of definite or probable ST (Figure 3A). Prasugrel was associated with a 

significantly lower ST risk than ticagrelor (HR, 0.68 [95% CI, 0.50–0.93]). There was no 

heterogeneity among treatments (I2=0%). In the pairwise analyses, results were consistent 

with both prasugrel and ticagrelor reducing ST risk significantly in comparison with 

clopidogrel (Figure 3B).

Definite ST—Four trials (24 672 patients) reported 233 (0.9%) cases of definite ST. In 

comparison with clopidogrel, both ticagrelor (HR, 0.67 [95% CI, 0.50–0.89]) and prasugrel 

(HR, 0.40 [95% CI, 0.21–0.77]) were associated with a significantly lower risk of definite 

ST (Figure IIIA in the Data Supplement). There were no significant differences between 

prasugrel and ticagrelor: HR prasugrel versus ticagrelor, 0.60 (95% CI, 0.34–1.08). There 
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was no heterogeneity among treatments (I2=0%). Pairwise direct estimate results were 

consistent with the NMA analyses (Figure IIIB in the Data Supplement).

Stroke—Eleven trials (51 813 patients) reported 608 (1.1%) strokes. In comparison with 

clopidogrel, there was no significant difference with ticagrelor (HR, 1.12 [95% CI, 0.90–

1.40]) or prasugrel (HR, 0.92 [95% CI, 0.74–1.15]; Figure IVA in the Data Supplement). 

Similarly, there were no significant differences between prasugrel and ticagrelor: HR 

prasugrel versus ticagrelor, 0.82 (95% CI, 0.62–1.10). There was no heterogeneity among 

treatments (I2=0%). Pairwise direct meta-analysis yielded consistent results (Figure IVB in 

the Data Supplement).

Hemorrhagic Stroke—Four trials (24 805 patients) reported 48 (0.2%) cases of 

hemorrhagic stroke. In comparison with clopidogrel, there was no significant difference with 

ticagrelor (HR, 1.59 [95% CI, 0.83–3.03]) or prasugrel (HR, 0.48 [95% CI, 0.10–2.21]) in 

terms of hemorrhagic stroke (Figure VA in the Data Supplement). Similarly, no significant 

differences were found between prasugrel and ticagrelor (HR prasugrel versus ticagrelor, 

0.30 [95% CI, 0.07–1.28]). There was no heterogeneity among treatments (I2=0%).

Ischemic Stroke—Four trials (24 805 patients) reported 243 (0.9%) ischemic strokes. In 

comparison with clopidogrel, there was no significant difference with ticagrelor (HR, 1.04 

[95% CI, 0.79–1.38]) or prasugrel (HR, 0.94 [95% CI, 0.52–1.72]), respectively (Figure VB 

in the Data Supplement). Similarly, there were no significant differences between prasugrel 

and ticagrelor (HR prasugrel versus ticagrelor, 0.90 [95% CI, 0.51–1.61]). There was no 

heterogeneity among treatments (I2=0%).

Safety

Major Bleeding—Twelve trials (52 816 patients) reported 2820 (5.3%) major bleeding 

events as classified by the individual trial definitions. In comparison with clopidogrel, both 

prasugrel (HR, 1.26 [95% CI, 1.01–1.56]) and ticagrelor (HR, 1.27 [95% CI, 1.04–1.55]) 

were associated with significantly more major bleeding events (Figure 4A). There were no 

statistically significant differences in bleeding risk between prasugrel and ticagrelor (HR 

prasugrel versus ticagrelor, 0.99 [95% CI, 0.79–1.24]). There was moderate heterogeneity 

among treatments (I2=35.3%). Direct pairwise analyses were consistent showing that, in 

comparison with clopidogrel, there was greater bleeding with prasugrel and ticagrelor, which 

was statistically significant with prasugrel only (HR, 1.29 [95% CI, 1.06–1.56], P=0.01; 

Figure 4B).

Direct pairwise sensitivity analyses focused on major bleeding as per the criteria of the 

PLATO trial (Patients with Acute Coronary Syndromes), including 4 RCTs comparing 

ticagrelor versus clopidogrel, showed no significant difference between ticagrelor versus 

clopidogrel (HR, 1.04 [95% CI, 0.93–1.15]; Figure VIA in the Data Supplement), whereas 

no studies were available that compared prasugrel versus clopidogrel. Analyses focused on 

TIMI criteria including 5 RCTs (2 RCTs on prasugrel versus clopidogrel and 3 RCTs on 

ticagrelor versus clopidogrel) showed a significant bleeding increase with prasugrel but not 

ticagrelor, in comparison with clopidogrel (Figure VIB in the Data Supplement).
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Sensitivity Analyses

In a NMA sensitivity conducted only in patients undergoing invasive evaluation, a 

significant reduction in MI with prasugrel in comparison with clopidogrel and in ST with 

ticagrelor and prasugrel in comparison with clopidogrel was found (Figure VIIA through 

VIIG in the Data Supplement). There were no statistically significant differences in bleeding 

risk between ticagrelor and clopidogrel (HR, 1.08 [95% CI, 0.99–1.19]), whereas bleeding 

was significantly greater with prasugrel versus clopidogrel (HR, 1.23 [95% CI 1.04–1.46]). 

The direction of the remaining estimates was in line with the main results.

By exclusion of the studies with open-label design, ticagrelor was associated with persistent 

significant risk reduction of CV and all-cause mortality in comparison with clopidogrel and 

significant risk reduction in all-cause mortality in comparison with prasugrel (Table VI in 

the Data Supplement). Ticagrelor significantly reduced definite or probable ST in 

comparison with clopidogrel. Prasugrel but not ticagrelor significantly increased the risk of 

major bleeding. There was no significant difference in terms of MI among all 3 drugs (Table 

VI in the Data Supplement).

Ranking of Treatment Strategies

Ticagrelor was ranked as possibly the most effective strategy for the prevention of CV 

mortality (P-score, 0.94; Figure VIII in the Data Supplement) or all-cause mortality (P-

score, 0.97), whereas prasugrel ranked the most effective intervention for definite or 

probable ST (P-score, 0.99). Conversely, for major bleeding, clopidogrel was ranked as the 

safest strategy (P-score, 0.98).

Network Consistency

The node-splitting method did not detect significant disagreement between direct and 

indirect evidence (Table II in the Data Supplement). The Egger regression test did not detect 

significant publication bias (Table III in the Data Supplement).

DISCUSSION

The current network and direct pairwise meta-analysis, with 52 816 patients from 

randomized trials, examined the efficacy and safety profile of potent oral P2Y12 inhibitors in 

ACS in comparison with clopidogrel and with each other. The main findings (Figure 5) are 

as follows: (1) prasugrel and ticagrelor are more effective than clopidogrel in reducing the 

risk of MI and ST; (2) both agents carry a higher bleeding risk than clopidogrel; (3) in 

comparison with clopidogrel, a greater mortality reduction is observed with ticagrelor than 

with prasugrel; and (4) no significant difference is apparent between prasugrel and ticagrelor 

in the explored outcomes.

The current NMA, by simultaneously gathering direct and indirect evidence, aimed to 

provide clarification of inconsistent outcomes from studies on oral P2Y12 inhibitors in 

ACS9–11 and more precise effect estimation where limited direct comparisons between 

treatments are available.

Navarese et al. Page 7

Circulation. Author manuscript; available in PMC 2021 July 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



This large-scale analysis allowed us to examine individual hard end points, which are less 

frequent than the composite outcomes assessed in the individual studies. Within this 

framework, a relevant finding of this NMA is that ticagrelor, in comparison with clopidogrel, 

was associated with a significant risk reduction of CV (−18%) and all-cause (−17%) 

mortality. Prasugrel did not significantly reduce mortality (−10% and −8%), with no 

significant difference in mortality between ticagrelor- and prasugrel-treated patients. This 

greater CV and all-cause mortality reduction of ticagrelor than prasugrel, in comparison with 

clopidogrel, needs confirmation in further investigations.

A potential mechanistic explanation for the greater mortality reduction is that ticagrelor is a 

reversible P2Y12 receptor inhibitor, which allows a quicker restoration of platelet function 

than thienopyridines. The reversibility of antiplatelet effect may be of clinical importance in 

patients experiencing bleeding, which is in turn associated with long-term mortality during 

follow-up.24 This property can further explain the effects observed for the P2Y12 inhibitors 

compared in this NMA. The mortality estimates of our NMA globally support the results 

from previous landmark studies. In the PLATO9 trial with ticagrelor versus clopidogrel, a 

significant reduction in death from vascular causes was observed, whereas no significant 

differences in CV death or all-cause death were observed with prasugrel versus clopidogrel 

in the TRITON-TIMI 38 trial10 (Prasugrel versus Clopidogrel in Patients with Acute 

Coronary Syndromes).

The findings of this NMA should be put into perspective with current evidence from the 

most recent trials on oral P2Y12 inhibitors in ACS. The recently published ISAR-REACT 5 

trial (Ticagrelor or Prasugrel in Patients with Acute Coronary Syndromes), an open-label 

study, tested 2 strategies of ticagrelor versus prasugrel administration in ACS.11

As per the ISAR-REACT 5 study design, ticagrelor administration was made as soon as 

possible after randomization, whereas in the prasugrel group, in patients with ST-segment 

elevation, prasugrel was to be administered as soon as possible after randomization; in 

patients with ACS without ST-segment elevation, the loading dose of prasugrel was 

postponed until the coronary anatomy was known.

The ISAR-REACT 5 study showed that prasugrel was superior to ticagrelor in preventing 

major adverse ischemic events, and this benefit was not paralleled by an increase in major 

bleeding.

In the ISAR-REACT 5 study, the investigators hypothesized a 22% relative risk reduction of 

the primary end point defined as composite of all-cause death, MI, or stroke at 1 year with 

ticagrelor over prasugrel; in contrast, a 36% significantly higher risk for the primary end 

point and numerically greater bleeding were observed with ticagrelor versus prasugrel in 

patients with ACS undergoing percutaneous coronary intervention. These figures appeared 

inconsistent with data from previous large blinded trials in terms of magnitude of efficacy 

and safety that had been found comparable for ticagrelor and prasugrel when tested versus 

clopidogrel. The results of the current NMA allow a better understanding of the contrasting 

findings between the ISAR-REACT 5 study and the evidence from clinical trials 

incorporated in the current large-scale analysis.
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The primary composite end point of the ISAR-REACT 5 trial was mainly driven by 

differences in nonfatal MI and noncardiovascular death between ticagrelor and prasugrel. In 

our report, the overall analysis for MI, which included periprocedural and spontaneous 

infarctions, showed that prasugrel in comparison with clopidogrel was associated with a 

significant reduction in MI (−19%) whereas ticagrelor was not. There was no significant 

difference between prasugrel and ticagrelor with respect to the occurrence of MI. In a 

sensitivity analysis focused on re-MI excluding the periprocedural MI (type 4), both 

prasugrel and ticagrelor yielded a significant reduction of MI in comparison with 

clopidogrel. Both ticagrelor and prasugrel were associated with markedly reduced ST risk by 

28% and 50%, respectively, in comparison with clopidogrel, and prasugrel was associated 

with significantly less ST risk than ticagrelor.

This NMA may assist in our understanding of the effects of oral antithrombotic therapy on 

MI end points based on MI definition. Our current results showed nonsignificant differences 

between prasugrel and ticagrelor by using an overall MI (type 1–4) definition across the 

included randomized trials; however, when excluding periprocedural MI, ticagrelor was 

associated with a significant reduction of spontaneous MI risk. Therefore, these findings 

trigger considerations on the role of periprocedural MI as a possible confounder in the 

ascertainment of the risk of MI. This bias may occur when the periprocedural MI is 

incorporated in the index event and might attenuate an observation of an effect on re-MI risk 

reduction attained with a novel P2Y12 inhibitor. In the ISAR-REACT 5 study, the rates of 

overall MIs appeared to be primarily driving the composite outcome in favor of prasugrel 

versus ticagrelor, with almost twice as many patients in the ticagrelor group experiencing a 

periprocedural MI as in the prasugrel group.11

The MI findings in our NMA are affected by the different design of the large pivotal trials. 

In the PLATO trial, randomization occurred before angiography and percutaneous coronary 

intervention, and there may have been a lower ability to ascertain periprocedural MI on top 

of the index MI. In TRITON-TIMI 38, where randomization was performed after coronary 

anatomy was known, the ascertainment of the differential effect of more potent platelet 

inhibition on periprocedural MI may have been facilitated.10 With the use of clopidogrel as a 

common comparator in the pivotal trials, both potent P2Y12 inhibitors significantly reduced 

MI, but there was a greater (24%) reduction of nonfatal MI with prasugrel in the TRITON-

TIMI-38 than the 16% reduction with ticagrelor in the PLATO study. However, consistent 

with the results of our NMA, the effect on spontaneous MI was greater than periprocedural 

MI in the PLATO trial.25

Our analysis may provide an opportunity for further considerations on the comparative 

results for bleeding. In our NMA, in comparison with clopidogrel, both ticagrelor and 

prasugrel were associated with a significant increase in total bleeding risk; the direct 

pairwise meta-analysis confirmed directionally the estimates.

In summary, the current NMA showed that prasugrel and ticagrelor reduced ischemic events 

and increased bleeding in comparison with clopidogrel. A mortality reduction was observed 

with ticagrelor only. There was no efficacy and safety difference between prasugrel and 

ticagrelor.
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Limitations

Our network meta-analysis has limitations that need to be considered when interpreting its 

findings. The results were analyzed on trial-level data and not on individual patient data and 

are affected by the design of the included major trials. In the included studies conducted in 

patients with ACS, there was a different proportion of patients undergoing invasive and 

noninvasive evaluation, although the invasive approach was the most frequently adopted; to 

this end, we conducted a prespecified analysis focused on patients treated with the invasive 

approach only, which confirmed directionally the overall findings. The majority of included 

studies did not report results for individual outcomes stratified by ACS; therefore, an 

analysis of outcomes according to the ACS presentation was not possible. Major bleeding 

events were classified by the individual trial definitions; however, pairwise sensitivity 

analyses have been conducted using the PLATO and TIMI definitions, where available, 

which confirmed directionally the overall results. Sample sizes per comparison varied, 

which might influence the summary results. Furthermore, the component trials of meta-

analyses might not be powered for certain end points or lacked multiple adjustment in 

statistical hierarchy. However, there was consistency between direct and indirect estimates 

analyses, and the sensitivity analyses performed showed comparable results, suggesting that 

the overall effect is robust and justified.

Conclusions

This large-scale analysis on oral P2Y12 inhibitors in ACS provides consistent findings of 

comparable anti-ischemic efficacy with the different potent platelet inhibitors, ticagrelor and 

prasugrel, in comparison with clopidogrel. Greater CV mortality reduction is observed with 

ticagrelor than with clopidogrel, whereas both agents carry a higher bleeding risk. Further 

investigations should elucidate the potential underlying mechanisms for the greater mortality 

reduction with ticagrelor versus clopidogrel, which, if confirmed, might have a substantial 

impact on public health.
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Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspective

What Is New?

• This large-scale analysis on oral P2Y12 inhibitors in acute coronary syndrome 

provides consistent findings of comparable anti-ischemic efficacy with 

ticagrelor and prasugrel, in comparison with clopidogrel.

• In comparison with clopidogrel, only ticagrelor was associated with greater 

cardiovascular mortality reduction, whereas both ticagrelor and prasugrel 

were associated with a higher bleeding risk.

• Sensitivity analyses without open-label studies confirmed consistent mortality 

reduction with ticagrelor therapy without a significant bleeding increase, at 

variance with prasugrel therapy.

What Are the Clinical Implications?

• In patients with acute coronary syndrome, both ticagrelor and prasugrel 

carried superior efficacy to clopidogrel and should be the preferred 

antiplatelet agents as per guideline recommendations.

• Our findings support the mortality benefit and reduction in ischemic outcomes 

with ticagrelor in high-risk patients.

• Further investigations should elucidate the underlying mechanisms for the 

greater mortality reduction with ticagrelor that might reside in the reversibility 

of its antiplatelet effect in patients experiencing bleeding.
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Figure 1. Meta-analyses of randomized trials for cardiovascular mortality.
A, Network meta-analysis of randomized trials for cardiovascular mortality. Pooled hazard 

ratios (HRs) and 95% CIs determined by network meta-analysis. B, Pairwise meta-analysis 

of randomized trials for cardiovascular mortality. Individual and summary hazard ratios with 

95% CIs. ISAR-REACT 5 indicates Ticagrelor or Prasugrel in Patients with Acute Coronary 

Syndromes, PHILO indicates Phase the International Study of Ticagrelor and Clinical 

Outcomes in Asian ACS Patients; PLATO, PLATelet inhibition and patient Outcomes; 

PRASFIT-ACS, PRASugrel compared with clopidogrel For Japanese patIenTs with ACS 

undergoing PCI; TICAKOREA, Ticagrelor Versus Clopidogrel in Asian/Korean Patients 

with ACS Intended for Invasive Management; TRILOGY ACS, The Targeted Platelet 

Inhibition to Clarify the Optimal Strategy to Medically Manage Acute Coronary Syndromes; 

and TRITON–TIMI 38, Trial to Assess Improvement in Therapeutic Outcomes by 

Optimizing Platelet Inhibition with Prasugrel–Thrombolysis in Myocardial Infarction 38.

Navarese et al. Page 15

Circulation. Author manuscript; available in PMC 2021 July 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Meta-analyses of randomized trials for myocardial infarction.
A, Network meta-analysis of randomized trials for myocardial infarction. Pooled hazard 

ratios (HRs) and 95% CIs determined by network meta-analysis. B, Pairwise meta-analysis 

of randomized trials for myocardial infarction. Individual and summary HRs with 95% CIs. 

C, Network meta-analysis of randomized trials for re–myocardial infarction. Pooled HRs 

and 95% CIs determined by network meta-analysis. ISAR-REACT 5 indicates Ticagrelor or 

Prasugrel in Patients with Acute Coronary Syndromes; PHILO, Phase the International 

Study of Ticagrelor and Clinical Outcomes in Asian ACS Patients; PLATO, PLATelet 
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inhibition and patient Outcomes; PRASFIT-ACS, PRASugrel compared with clopidogrel 

For Japanese patIenTs with ACS undergoing PCI; TICAKOREA, Ticagrelor Versus 

Clopidogrel in Asian/Korean Patients with ACS Intended for Invasive Management; 

TRILOGY ACS, The Targeted Platelet Inhibition to Clarify the Optimal Strategy to 

Medically Manage Acute Coronary Syndromes; and TRITON–TIMI 38, Trial to Assess 

Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition with Prasugrel–

Thrombolysis in Myocardial Infarction 38.
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Figure 3. Meta-analysis of randomized trials for definite or probable stent thrombosis.
A, Network meta-analysis of randomized trials for definite or probable stent thrombosis. 

Pooled hazard ratios (HRs) and 95% CIs determined by network meta-analysis. B, Pairwise 

meta-analysis of randomized trials for definite or probable stent thrombosis. Individual and 

summary HRs with 95% CIs. ISAR-REACT 5 indicates Ticagrelor or Prasugrel in Patients 

with Acute Coronary Syndromes; PLATO, PLATelet inhibition and patient Outcomes; 

PRASFIT-ACS, PRASugrel compared with clopidogrel For Japanese patIenTs with ACS 

undergoing PCI; and TRITON–TIMI 38, Trial to Assess Improvement in Therapeutic 

Outcomes by Optimizing Platelet Inhibition with Prasugrel–Thrombolysis in Myocardial 

Infarction 38.
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Figure 4. Meta-analysis of randomized trials for major bleeding.
A, Network meta-analysis of randomized trials for major bleeding. Pooled hazard ratios 

(HRs) and 95% CIs determined by network meta-analysis. B, Pairwise meta-analysis of 

randomized trials for major bleeding. Individual and summary HRs with 95% CIs. ISAR-

REACT 5 indicates Ticagrelor or Prasugrel in Patients with Acute Coronary Syndromes; 

PHILO, Phase the International Study of Ticagrelor and Clinical Outcomes in Asian ACS 

Patients; PLATO, PLATelet inhibition and patient Outcomes; PRASFIT-ACS, PRASugrel 

compared with clopidogrel For Japanese patIenTs with ACS undergoing PCI; 

TICAKOREA, Ticagrelor Versus Clopidogrel in Asian/Korean Patients with ACS Intended 

for Invasive Management; TRILOGY ACS, The Targeted Platelet Inhibition to Clarify the 

Optimal Strategy to Medically Manage Acute Coronary Syndromes; and TRITON–TIMI 38, 

Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition 

with Prasugrel–Thrombolysis in Myocardial Infarction 38.
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Figure 5. Summary pooled hazard ratios (HRs) and 95% CIs determined by network meta-
analysis.
The red squares indicate significant results for the investigated outcome. CV indicates 

cardiovascular; and MI, myocardial infarction.
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