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Prasugrel and ticagrelor are preferred over clopidogrel for patients with acute coronary syn-
drome who underwent percutaneous coronary intervention. We sought to determine the rela-
tive merits of 1 agent over the other. Multiple databases were queried to identify relevant
randomized control trials (RCTs) and observational cohort studies. Random-effects model
was used to calculate an unadjusted odds ratio (OR) for major adverse cardiovascular and
cerbrovascular events (MACCE) and its components. A total of 27 (7 RCTs, 20 observational
cohort studies) studies comprising 118,266 (prasugrel 62,716, ticagrelor 51,196) patients were
included. At 30 days, prasugrel was associated with a significantly lower odds of MACCE
(OR 0.75,95% confidence interval [CI] 0.67 to 0.85, p <0.0001) and mortality (OR 0.65, 95%
CI 0.59 to 0.71, p <0.0001). At 1 year, the overall odds of mortality favored prasugrel (OR
0.79, 95% CI 0.68 to 0.92, p = 0.002), but no significant interdrug difference was seen in terms
of MACCE (OR 0.89, 95% CI 0.76 to 1.05, p=0.16). There was no significant difference in
the odds of overall myocardial infarction, revascularization, stent thrombosis, stroke, and
major bleeding events between the 2 groups on both 30-day and 1-year follow-up. A sub-
group analysis of RCTs data showed no significant difference between prasugrel and ticagre-
lor in terms of any end point at all time points. In conclusion, prasugrel might have lower
odds of MACCE and mortality at 30 days. However, there was no difference in the safety
and efficacy end points of 2 drugs at 1 year. The observed transient prasugrel-related mortal-
ity benefits were subject to the bias of nonrandomized assignment. © 2020 Elsevier Inc. All
rights reserved. (Am J Cardiol 2020;132:22—28)

According to the American Heart Association, approxi-
mately 720,000 individuals in the United States had a pri-
mary acute coronary syndrome (ACS) and 335,000 a
recurrent ACS event in 2019." The standard of care for
these patients includes the administration of dual-antiplate-
let therapy which includes aspirin and the adenosine
diphosphate receptor antagonist, clopidogrel.” Recently
ticagrelor and prasugrel which provide a more rapid and
sustained platelet inhibition have been shown to be more
efficacious than the conventionally used P2Y12 inhibitor
clopidogrel.™* The updated guidelines by the American
College of Cardiology (2017) and the European Society of
Cardiology have recommended prasugrel or ticagrelor as a
class I recommendation for patients with ACS; however,
there have been no clear preference recommendations. The
ISAR-REACTS (Intracoronary Stenting and Antithrom-
botic Regimen: Rapid Early Action for Coronary Treat-
ment) trial recently favored prasugrel over ticagrelor due to
a significantly lower risk of the primary composite end
point, whereas the trial by Motovska et al showed no signif-
icant difference between the 2 regimens.”® The aim of this
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meta-analysis is to systematically pool the results of all pre-
viously published trials, to provide clarity on the relative
merits of the 2 medications.

Methods

Electronic databases (PubMed, Embase, clinicaltrials.
gov, and Cochrane) were searched up to February 2020
using a combination of keywords and medical subject head-
ings (MeSH) (Supplementary Appendix). All randomized
control trials (RCT), retrospective, and prospective cohort
studies reporting the use of prasugrel and ticagrelor in post-
percutaneous coronary intervention (PCI) patients were
evaluated. The primary efficacy outcome was defined as a
major adverse cardiovascular event (MACE), including
death, nonfatal myocardial infarction (MI) and nonfatal
stroke. Secondary end points included stroke, revasculariza-
tion, stent thrombosis, or all-cause mortality. The primary
safety end point was defined as major bleeding.

Statistical analysis was performed using the DerSimo-
nian and Laird tool under the random-effects model to
calculate pooled unadjusted odds ratio (OR) for the effi-
cacy and safety end points. The probability value of
p <0.05 was considered statistically significant. Sub-
group analysis stratified by the study design, type of MI,
and history of diabetes mellitus (DM) was also per-
formed. Higgins I-squared (I?) statistic model was used
to assess variations in outcomes of included studies.
Publication bias was illustrated graphically using a fun-
nel plot asymmetry and quantitatively using Egger’s
tests. The methodological quality of the included articles
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was performed using the risk of bias-2 (RoB-2) tool.
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) was applied for literature
search. All statistical analyses were performed using the
Cochrane Review Manager (RevMan) version 5.3.

The overall quality of the included RCTs was high.
Due to adequate randomization and allocation conceal-
ment in most studies, the risk of selection bias in RCTs
was low. The risk of selection bias across retrospective
studies was high. However, this risk was minimized by
a few studies using propensity-matched scoring for both
study groups. The fact that most RCTs used an intention
to treat model or had a minimal loss to follow-up of its
participants, the risk of attrition bias was low (Supple-
mentary Figures 1 and 2).

Results

Our initial search identified 1,111 articles. Following
removal of irrelevant (369) and duplicate items (613), 129
articles were deemed relevant for full-text review. We fur-
ther excluded 102 articles based on our selection criteria;
27 articles qualified for final analysis. The PRISMA flow
diagram is shown in Figure 1.

The selected studies comprised 7 RCTs and 20 retrospec-
tive studies, recruitin% 118,226 patients (prasugrel 62,716
and ticagrelor 51,196""'" (Supplementary References 1 to
19). The main indication for dual-antiplatelet therapy was
secondary prevention of ACS after PCI. The loading dose
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Figure 1. The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flow diagram of the included studies.
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used was 180 mg for ticagrelor and 60 mg for prasugrel
across all studies. The maintenance dose was 90 mg twice
daily (ticagrelor) or 10 mg daily (prasugrel). Baseline charac-
teristics of prasugrel versus ticagrelor included hypertension
(47.7% vs 51.4%, p=0.57), DM (27.4% vs 19.0%, p =0.85),
hyperlipidemia (38.2% vs 39.3%, p=0.88), and history of
smoking (39.0% vs 37.0%, p = 0.77), respectively. The major
bleeding criteria varied among the included studies. The
ISAR REACT-5 and the study by Bonello et al used the
Bleeding Academic Research Consortium scale. The remain-
ing clinical trials used the Thrombolysis in Myocardial
Infarction bleeding criteria. The overall mean follow-up
period ranged from 30 days to 1 year. Detailed characteristics
of the included RCTs and OCS are shown in Table 1 and
Supplementary Table 1, respectively.

At 30 days, patients on prasugrel had significantly lower
odds of MACCE (OR 0.75, 95% confidence interval [CI]
0.67 to 0.85, p <0.0001) and mortality (OR 0.65, 95% CI
0.59 t0 0.71, p £0.0001) compared with ticagrelor (Figure 2).
There was no significant difference in the odds of MI (OR
0.80, 95% CI 0.60 to 10.7, p=0.13), revascularization (OR
0.81, 95% CI 0.60 to 1.08, p=0.15), stent thrombosis (OR
0.54, 95% CI 0.28 to 1.02, p=0.06), stroke (OR 1.03, 95%
CI10.59 to 1.79, p=0.92), or major bleeding (OR 0.86, 95%
CI 0.69 to 1.07, p=0.17) between the 2 groups (Figure 3).
At 1 year, the relative odds of mortality (OR 0.79, 95% CI
0.68 to 0.92, p=0.002) favored prasugrel. There was no sig-
nificant difference in the odds of MACCE (OR 0.89, 95% CI
0.76 to 1.05, p=0.16), MI (OR 0.78, 95% CI 0.54 to 0.1.13,
p=0.19), revascularization (OR 0.83, 95% CI 0.46 to 1.48,
p=0.53), stent thrombosis (OR 1.02, 95% CI 0.64 to 1.63,
p=0.93), stroke (OR 1.20, 95% CI 0.83 to 1.73, p=0.32), or
major bleeding (OR 0.78, 95% CI 0.54 to 1.13, p=0.19)
between the 2 groups (Figures 4 and 5).

Subgroup analyses in most measured variables closely
mirrored the trends of the overall results with few exceptions.
In contrast to the pooled results, the odds of MACCE in both
drugs across the RCTs at 30 days were identical, whereas pra-
sugrel had significantly lower odds of MACE across OCS at 1
year. Similarly, the pooled odds of a mortality benefit were
also found to be driven by observational studies. However, a
stratified analysis of MACE based on the history of DM and
type of MI showed no significant difference between the 2
regimens. The risk of bleeding was also identical on a strati-
fied analysis based on the criteria of major bleeding (Throm-
bolysis in Myocardial Infarction vs Bleeding Academic
Research Consortium), type of study (OCS vs. RCT), history
of DM (DM vs. no-DM), type of index MI [ST-segment ele-
vation myocardial infarction (STEMI) vs. Non-STEMI
(NSTEMI)] and follow-up duration (30 days vs 1 year). There
was no significant difference in prasugrel or ticagrelor with
respect to all other end points (stroke, stent thrombosis, major
bleeding, and need for revascularization) irrespective of
the study design at all time points. The outcomes of the
included studies showed variable amounts of heterogeneity
ranging from minimal to severe (I*=0% to 72%;
Supplementary Figures 3 to 14, Supplementary Table 2).

On visual assessment, our funnel plot was symmetrical,
indicating no publication bias. The Sterne and Egger’s
regression test was also nonsignificant (2-tailed p=0.35;
Figure 6, Supplementary Figures 15 and 16).
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Prasugrel Ticagrelor 0dds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 RCT
Bonello 2015 4 107 5 106 0.8% 0.78 [0.20, 3.01) —
Motovska (PRAGUE-18) 2016 3 100 3 100 0.6% 1.00 [0.20, 5.08] e
Subtotal (95% CI) 207 206 1.4% 0.87 [0.31, 2.44] -‘—
Total events 7 8
Heterogeneity. Tau? = 0.00; Chi2 = 0.05, df = 1 (P = 0.82); I = 0%
Test for overall effect: Z = 0.27 (P = 0.78)
1.1.2 OCS
Dimitroulis 2018 24 154 35 164 4.6% 0.68 [0.38, 1.21) —=r
Kim 2017 150 4300 516 11917 43.9% 0.80 [0.66, 0.96) L
Krishnamurthy 2019 61 1244 65 811 11.5% 0.59[0.41, 0.85) e
Larmore 2016 143 2661 180 2661 29.3% 0.78 [0.62, 0.98] -
Yos 2018 3 210 9 323 0.9% 0.51[0.14, 1.89) —
Wiviott (JUMBO-TIMI26) 2005 47 650 24 254 5.7% 0.75 [0.45, 1.25] s
Yudi 2016 11 368 21 526 2.7% 0.74 [0.35, 1.56) =
Subtotal (95% CI) 9587 16656 98.6% 0.75 [0.67, 0.85] ¢
Total events 439 850
Heterogeneity. Tau? = 0.00; Chi® = 2.68, df = 6 (P = 0.85); I = 0%
Test for overall effect: Z = 4.49 (P < 0.00001)
Total (95% CI) 9794 16862 100.0% 0.75 [0.67, 0.85] ¢
Total events 446 858

i @ = . i = = = o t Il 1 Il
Heterogeneity. Tau® = 0.00; Chi¢ = 2.80, df = 8 (P = 0.95); I* = 0% 5ot o1 T 1 100

Test for overall effect: Z = 4.49 (P < 0.00001)
Test for subgroup differences: Chi? = 0.07, df = 1 (P = 0.79), I = 0%

Favours Prasugrel Favours Ticagrelor

Figure 2. Forest plot for MACE showing study-design subgroups and pooled OR for studies comparing prasugrel to ticagrelor at a follow-up duration of 30
days. The pooled ORs with 95% CI were calculated using random-effects models. Weight refers to the contribution of each study to the overall pooled esti-
mate of treatment effect. Each square and horizontal line denotes the point estimate and 95% CI for each trial’s OR, respectively. The diamonds signify the

pooled OR; the diamond’s center denotes the point estimate and width denotes the 95% CI.

arm.” Interestingly, a stratified analysis based on the Previous meta-analyses attempted to determine the rela-
ACS type (NSTEMI and STEMI) shows no significant tive safety and efficacy of these agents. However, given the
difference between the two trial regimens. This contrasts inherent methodological biases of these studies and now
with the combined results which seem to favor the pra- with new emerging evidence, the results cannot be relied
sugrel-based regimen. upon to inform clinical decision-making. All previous
Prasugrel Ticagrelor 0Odds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

L.12.1RCT
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Figure 3. Forest plot for bleeding showing an individual and pooled OR for studies comparing prasugrel to ticagrelor at a follow-up duration of 30 days.
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Prasugrel Ticagrelor 0Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.14.1 RCT
Motovska (PRAGUE-18) 2018 46 634 34 596 7.4% 1.28[0.82, 2.04) Se—
Schiipke (ISAR-REACT 5) 2013 137 2006 184 2012 13.7% 0.73 [0.58, 0.92] -
Welsh (TOTAL) 2019 69 1244 80 2188 10.5% 1.55[1:11; 2.15] ——
Subtotal (95% CI) 3884 4796 31.6% 1.12 [0.66, 1.88] <
Total events 252 298
Heterogeneity. Tau? = 0.18; Chi? = 15.16, df = 2 (P = 0.0005); I? = 87%
Test for overall effect: Z = 0.41 (P = 0.68)
1.14.2 OCS
Alexopoulos (GRAPE) 2016 16 363 49 717 5.4% 0.63 [0.35, 1.12] .t
Blin (SPACE-A-A) 2019 313 6752 299 6752 16.1% 1.05 [0.89, 1.23] -+
Efron 2018 2053 12797 542 2991 17.9% 0.86 [0.78, 0.96] -
Gach 2018 33 327 20 164 5.2% 0.81 [0.45, 1.46] —
Kim 2018 26 477 65 963 7.2% 0.80 [0.50, 1.27] =
Krishnamurthy 2019 115 1244 103 811 12.0% 0.70 [0.53, 0.93] =
Sim 2019 13 242 53 659 4.8% 0.65 [0.35, 1.21] T
Subtotal (95% CI) 22202 13057 68.4% 0.85 [0.74, 0.97] 4
Total events 2569 1131
Heterogeneity. Tau? = 0.01; Chi® = .62, df = 6 (P = 0.14); I* = 38%
Test for overall effect: Z = 2.34 (P = 0.02)
Total (95% CI) 26086 17853 100.0% 0.89 [0.76, 1.05]
Total events 2821 1429 ‘l
i . = . 1o = = o 1R = } i 1 1
Heterogeneity. Tau® = 0.03; Chi’ = 25.99, df = 9 (P = 0.002); I° = 65% 501 ol 1 % To0

Test for overall effect: Z = 1.40 (P = 0.16)
Test for subgroup differences: Chi? = 0.97, df = 1 (P = 0.33), I = 0%

Favours Prasugrel Favours Ticagrelor

Figure 4. Forest plot for MACE showing subgroups based on study design and pooled OR for studies comparing prasugrel to ticagrelor at a follow-up dura-

tion of 1 year.

meta-analyses were published prior to the ISAR-REACT-5,
the largest and most contemporary RCT on the subject. The
detailed limitations of previous meta-analyses are given in
Supplementary Table 3.

The present study represents the most comprehensive
and updated evidence, incorporating 27 studies (includ-
ing the ISAR-REACT-5). We have determined that the
early transient benefits of prasugrel over ticagrelor grad-
ually diminish over time and that there is no overall dif-
ference in the safety and efficacy of the 2 drugs. These

findings contrast with the recent ISAR-REACT-5 trial
and all previous meta-analyses, which have tended to
favor prasugrel or ticagrelor. Furthermore, this meta-
analysis suggests that the apparent short-term benefit of
prasugrel might be attributed to low-quality evidence
based on nonrandomized data, until more evidence is
available.

Our study is constrained by the limitations of the
included studies. Due to scarce randomized data, there
were several subgroup analyses that were not feasible,

Prasugrel Ticagrelor 0Odds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.5.1 RCT
Motovska (PRAGUE-18) 2018 19 634 25 596 14.1% 0.71[0.38, 1.30] — 1
Schipke (ISAR-REACT 5) 2019 60 2006 96 2012 19.5% 0.62 [0.44, 0.85] —.—
Welsh (TOTAL) 2019 28 1244 34 2188 16.0% 1.46 [0.88, 2.42] T
Subtotal (95% CI) 3884 4796 49.6% 0.85 [0.49, 1.46] <
Total events 107 155
Heterogeneity. Tau? = 0.17; Chi® = 8.01, df = 2 (P = 0.02); I = 75%
Test for overall effect: Z = 0.60 (P = 0.55)
1.5.2 OCS
Efron 2018 307 12797 77 2991 20.8% 0.93 [0.72, 1.20] -
Gach 2018 7 327 3 164 5.4% 1.17 [0.30, 4.60] —_—1]
Krishnamurthy 2019 26 1244 47 811 16.4% 0.35 [0.21, 0.56]) —
Sim 2019 S 242 11 6598 7.8% 1.24[0.43, 3.61) ——f——
Subtotal (95% CI) 14610 4625 50.4% 0.75 [0.38, 1.46] <
Total events 345 138
Heterogeneity. Tau? = 0.31; Chi? = 13.55, df = 3 (P = 0.004); I* = 78%
Test for overall effect: Z = 0.85 (P = 0.39)
Total (95% CI) 18494 9421 100.0% 0.78 [0.54, 1.13) <t
Total events 452 293

i T . it & i i g8l = I } 1 Il
Heterogeneity. Tau® = 0.15; Chi® = 21.56, df = 6 (P = 0.001); I° = 72% 5ot o1 ) T 100

Test for overall effect: Z = 1.32 (P = 0.19)
Test for subgroup differences: Chi2 = 0.08, df = 1 (P = 0.78), > = 0%

Favours Prasugrel Favours Ticagrelor

Figure 5. Forest plot for major bleeding showing subgroups based on study design and pooled OR for studies comparing prasugrel to ticagrelor at a follow-up

duration of 1 year.
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Figure 6. Funnel plot showing minimal publication bias across the studies comparing MACCE at 1 year.

including a comparison based on the varying protocols
(loading dose administration before vs after PCI), clini-
cal outcomes such as MI (STEMI vs NSTEMI), and
stent designs (bare-metal stent vs drug-eluting stent).
The long-term clinical outcomes of patients beyond 1
year could also not be assessed. The study was not
designed to perform a cost-benefit analysis or to ratio-
nalize the short-term differential efficacy of the trial
drugs in terms of their mechanisms.

In conclusion, ACS (STEMI and NSTEMI) patients
on prasugrel have an identical long-term risk of the
composite end point (death, myocardial infarction, and
stroke), major bleeding, revascularization, and stent
thrombosis compared with patients receiving ticagrelor.
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