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Abstract

Background and aims: Dual antiplatelet therapy (DAPT) including aspirin and another
P2Y12 receptor antagonist (clopidogrel, prasugrel or ticagrelor) is a cornerstone of acute
coronary syndrome (ACS) treatment. However, direct comparative evidence between
clopidogrel, prasugrel and ticagrelor is limited. This network meta-analysis aimed to compare
the effectiveness and safety of three different P2Y 12 inhibitors for ACS patients.

Methods: We conducted a database search for randomized controlled trials (RCTs)
comparing clopidogrel, prasugrel and ticagrelor in ACS patients. We then analyzed and
compared the effectiveness and safety outcomes of mixed treatments under a frequentist
approach using multivariate meta-analysis with a random-effects model. We drew direct and
indirect comparisons to determine the primary cardiovascular (CV) efficacy and bleeding risks
and performed subgroup analyses of major adverse cardiac events (MACE) according to
baseline characteristics (sex, age and body weight), underlying disease (with or without DM,
with or without CKD), and ACS presentation (NSTEMI/UA or STEMI). We also analyzed Asian
and non-Asian trials for efficacy and safety.

Results: The literature search yielded 5 RCTs, including a total of 35,196 ACS patients,
that met the inclusion criteria. We applied network meta-analysis to compare efficacy and
safety endpoints, with follow-up intervals ranging from 6 to 15 months. The efficacy evaluation
indicated that clopidogrel, prasugrel and ticagrelor had similar rates of MACE, CV death and
all-cause mortality. However, while both prasugrel and ticagrelor had comparable rates of
stent thrombosis, these were lower than with clopidogrel. Regarding safety, only ticagrelor had
significantly higher risks of non-CABG TIMI criteria major bleeding and intracranial hemorrhage
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than clopidogrel, while ticagrelor and prasugrel showed no safety difference in comparison. In
the MACE subgroup analysis, prasugrel was protective compared to clopidogrel, but only for
males, those under 75 years, with BW >= 60 kg, NSTEMI/UA, non-DM and regardless of CKD
status. Ticagrelor was protective compared to clopidogrel only in females and the non-CKD
subgroup. Prasugrel was protective compared to ticagrelor only in those with BW >= 60 kg. In
contrast to the overall analysis, in exclusively Asian trial analysis, clopidogrel and prasugrel
had lower rates of MACE than ticagrelor, while there was no difference in stent thrombosis
rates.

Conclusions: In this network meta-analysis, the three P2Y12 inhibitors clopidogrel,
prasugrel and ticagrelor were not associated with differences in MACE reduction. However,
prasugrel and ticagrelor had a lower stent thrombosis rate than clopidogrel. In contrast to the
overall analysis, exclusively Asian trial analysis showed ticagrelor had a higher MACE rate
than clopidogrel and prasugrel, while all three P2Y12 inhibitors showed comparable stent
thrombosis rates.

Keywords: acute coronary syndrome, clopidogrel, prasugrel, ticagrelor

Efficacy and safety of P2Y12 receptor antagonists in acute coronary syndrome
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benefits. The CURE trial and the COMMIT trial
demonstrated that adding clopidogrel to aspirin

Introduction

Atherosclerotic plaque rupture followed by can further lower major adverse cardiac events

platelet aggregation and thrombotic occlusion
result in acute coronary syndrome (ACS)." An
antiplatelet agent should be given to treat ACS,
as confirmed by the ISIS-2 trial which showed
that in acute myocardial infarction (AMI), aspirin
results in decreased mortality and reinfarction.’
Moreover, dual antiplatelet therapy (DAPT),
which combines aspirin and another oral
P2Y12 receptor antagonist, brings even greater
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(MACE); specifically, death, reinfarction, or
stroke.> Meanwhile, the development of more
rapid and potent P2Y12 receptor antagonists has
overcome clopidogrel’s drawback of delayed onset
of action and CYP2C19 polymorphisms related
to variable platelet inhibition. The TRITON-TIMI
38 trial first showed that prasugrel can further
decrease MACE in comparison to clopidogrel,’
and the PLATO trial first confirmed that ticagrelor
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is associated with MACE reduction in comparison
to clopidogrel.®

Current guidelines also recognize the
importance of DAPT. The 2017 European
Society of Cardiology (ESC) Guidelines for the
management of AMI in patients presenting with
ST-segment elevation (STEMI) recommend a
potent P2Y 12 inhibitor (prasugrel or ticagrelor)
over clopidogrel ahead of percutaneous coronary
intervention (PCI), and that such an inhibitor
should be continued for 12 months.” The 2020
ESC guidelines for the management of ACS in
patients presenting without persistent ST-segment
elevation recommend that prasugrel be considered
in preference even to ticagrelor for non-ST
segment elevation acute coronary syndrome
(NSTE-ACS) patients.®

To date, the efficacy levels of the three
P2Y12 receptor antagonists clopidogrel, prasugrel
and ticagrelor have not been directly compared
in clinical trials. Furthermore, the two more
potent P2Y 12 receptor antagonists (prasugrel
and ticagrelor) pose a higher bleeding risk. We
conducted this network meta-analysis (NMA) to
evaluate the treatment effectiveness and safety of
all three P2Y12 receptor antagonists (clopidogrel,
prasugrel and ticagrelor) in combination with
aspirin in ACS patients.

Methods and Materials

The protocol of this study was registered in
PROSPERO (ID: CRD42020222068). The meta-
analysis was conducted in accordance with the
guidelines of the Preferred Reporting Items for
Systematic Reviews and Meta-analysis Protocols
statement (PRISMA-P). The current study is a
meta-analysis and study approval by a local ethics
committee was not required.

Literature search

We searched the EMBASE, MEDLINE,
www.ClincalTrials.gov and Cochrane Central
databases using the following keywords:
“clopidogrel”, “ticagrelor”, “prasugrel”, “P2Y 12
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inhibitor”, “percutaneous coronary intervention”,
“randomized controlled trial (RCT)”, and “acute
coronary syndrome (ACS)”, covering the period
from database inception to Dec. 31%, 2020. The
inclusion criteria were randomized controlled
trials (RCTs) investigating at least one of the
three oral P2Y12 receptor antagonists of interest
(clopidogrel, prasugrel and ticagrelor) in ACS
patients over 18 years of age, with endpoints
including MACE, all-cause mortality, and
major- and minor bleeding. Pharmacokinetic or
pharmacodynamic studies were not included. Two
authors (HY Tseng and JK Lee) independently
screened the titles and abstracts of all the identified
articles and subsequently reviewed a number of
full-text articles based on that screening to identify
potentially relevant studies. Disagreements related
to the identification or eligibility of studies were
resolved through consensus.

Outcomes

The primary cardiovascular (CV) efficacy
endpoint was MACE, which included stroke,
myocardial infarction (MI), and death. The
secondary efficacy outcomes were stent
thrombosis, cardiovascular death and all-cause
mortality. The safety outcomes were non-CABG
TIMI criteria major bleeding, fatal bleeding, and
intracranial hemorrhage (ICH).

Data extraction

Data extracted from the included studies
were the trial name (if available), last name of first
author, year of publication, recruitment period,
follow-up duration, maintenance dose of the study
arms, and number of patients in the intention-to-
treat cohort. Data on subgroup variables of interest
were also collected, including the study region
(Asian vs. non-Asian), sex, age group (< 75 yrs vs.
=75 yrs), body weight (< 60 kg vs. =60 kg), type
of ACS (non-ST segment elevation myocardial
infarction or unstable angina (NSTEMI/UA) vs.
STEMI), and the presence or absence of diabetes
and chronic kidney disease (CKD) (Table 1).
For the outcome data, we extracted the tabulated
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data, which included the sample size and number
of events in each study arm. Finally, two authors
(HY Tseng and JK Lee) assessed the risk of bias
of the included trials using the Cochrane Risk of
Bias tool, whereby disagreements were resolved
through consensus.

Statistical analysis

The comparison of outcomes among
the three P2Y 12 agents was made under the
frequentist approach using multivariate meta-
analysis estimated by restricted maximum
likelihood. As the summary statistics we chose
pooled random-effects risk ratios (relative risks)
calculated directly from the reported tabular data
(sample size and number of events). Pairwise
comparison among the three P2Y12 agents was
made using a visual forest plot, rather than using a
table. The overall heterogeneity of all comparisons
was assessed using the I statistic, in which a value
>50% was considered indicative of substantial
heterogeneity. Focusing on the primary endpoint
(MACE), we conducted several subgroup analyses
according to pre-specified subgroup variables,
including the study region, sex, age group, body
weight group, type of MI, and the presence or
absence of diabetes and CKD. We also conducted
analyses of exclusively Asian and non-Asian
populations. The network meta-analysis was
carried out using the netmeta statistical package
(version 1.3-0; updated on January 18, 2021) in R
(version 4.0.3).

Results

Search results

A total of 745 articles were identified, of
which 698 were subsequently removed because
they did not meet the inclusion criteria. The
remaining 47 articles were further screened
for eligibility. Ultimately, 5 RCTs including
35,196 patients were included in this network
meta-analysis. The years of publication ranged
from 2004 to 2019, and the sample sizes ranged
from 800 to 18,624 patients. All of the studies
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included ACS patients only. Three of the five
studies, including the PRASFIT-ACS, PHILO and
TICAKOREA studies, exclusively enrolled Asian
populations (Supplemental Figure 1).

Risk of bias

All five of the included trials met the criteria
for low risk of bias. Detailed results of the risk-of-
bias assessments are provided in the supplemental
materials (Supplemental Figure 2).

Overall comparison

Supplemental Figure 3 depicts the network
diagram. MACE developed in 3,587 patients
(10.2%) out of the total of 35,196 patients in the
5 RCTs. No statistically significant difference
was noted between any two of the three P2Y12
receptor antagonist agents. However, compared
to clopidogrel, prasugrel was associated with
a numerically lower risk of MACE (risk ratio
[RR]: 0.84, 95% confidence interval [CI]: 0.53-
1.34), while ticagrelor was associated with a
numerically higher risk of MACE (RR: 1.27, 95%
CI: 0.84-1.92). In addition, ticagrelor also had a
numerically higher risk of MACE (RR: 1.50, 95%
CI: 0.81-2.80) when compared with prasugrel
(Figure 1A).

CV death and all-cause mortality occurred in
1,133 patients (3.2%) and 1,388 patients (3.9%),
respectively. Neither a significant nor a numerical
difference was noted between any two of the three
agents (Figure 1B, 1C). Stent thrombosis was
reported to have developed in 402 patients (1.1%)
in 4 of the RCTs with a total of 34,395 patients.
Compared with clopidogrel, significantly lower
stent thrombosis risk was noted for both prasugrel
(RR: 0.49, 95% CI: 0.37-0.65) and ticagrelor (RR:
0.66, 95% CI: 0.49-0.89). Remarkably, ticagrelor
was associated with a borderline higher risk of
stent thrombosis (RR: 1.35, 95% CI: 0.90-2.03)
than prasugrel (Figure 1D).

Non-CABG TIMI criteria major bleeding
developed in 758 patients (2.2%) out of the total
of 35,196 patients in all 5 RCTs. Compared with
clopidogrel, a borderline higher risk of non-CABG
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TIMI criteria major bleeding was noted with
both prasugrel (RR: 1.26, 95% CI: 0.996-1.58)
and ticagrelor, where the increase was significant
(RR: 1.29, 95% CI: 1.08-1.54). The risks with
prasugrel and ticagrelor were quite similar (Figure
2A). Fatal bleeding was reported in 76 patients
(0.2%) in 5 of the RCTs covering a total of 34,041
patients.

The risk was numerically higher with
prasugrel when compared to clopidogrel (RR:
3.94, 95% CI: 0.94-12.96). Ticagrelor showed a
difference in risk of fatal bleeding compared to
clopidogrel (RR: 1.22, 95% CI: 0.37-4.04) and
prasugrel (RR: 0.35%, 95% CI: 0.06-2.07) (Figure
2B). Intracranial hemorrhage (ICH) was reported
in 81 patients (0.2%) from 3 of the RCTs with a
total of 32,678 patients. The risks with prasugrel
and clopidogrel were quite similar (RR: 1.11,
95% CI: 0.58-2.14). However, the risk of ICH
with ticagrelor was significantly and numerically
greater than with clopidogrel (RR: 1.97, 95% CI:
1.06-3.66) and prasugrel (RR: 1.77, 95% CI: 0.72-
4.35) (Figure 2C).

MACE subgroup analysis

The results showed differences between
the sexes. Prasugrel showed a significant
protective effect in males, when compared to
clopidogrel (RR: 0.75, 95% CI: 0.56-0.097), while
ticagrelor showed no such benefits, compared
to clopidogrel (RR: 1.03, 95% CI: 0.77-1.40).
By contrast, ticagrelor showed significantly
lower risk in females, compared to clopidogrel
(RR: 0.85, 95% CI: 0.74-0.98), while prasugrel
showed only numerically lower risk, compared
to clopidogrel (RR: 0.87, 95% CI: 0.74-1.02).
Comparing ticagrelor and prasugrel, no significant
difference was noted between the male and
female subgroups. Noticeably, ticagrelor showed
numerically higher harmful effect in comparison
to prasugrel in male patients (RR: 1.38, 95% CI:
0.99-1.93), almost reaching statistical significance
(Figure 3A).

The results differentiated by body weight
(BW) were quite different. In patients with BW
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<60 kg, no statistically significant difference
was noted between any two of the three agents.
However, in patients with BW =60 kg, prasugrel
was associated with a significantly lower risk
than clopidogrel (RR: 0.64, 95% CI: 0.46-0.89).
Moreover, the risk was significantly higher with
ticagrelor than with prasugrel (RR: 1.41, 95% CI:
1.05-1.90) (Figure 3B).

In terms of age, the results were generally
similar for the older (over 75 years of age) and
younger (under 75 years) cohorts. The risks with
ticagrelor and clopidogrel were quite similar
in both age cohorts. One major difference was
that a significantly lower risk was observed with
prasugrel than with clopidogrel in the younger
cohort (RR: 0.72, 95% CI: 0.57-0.92), but not in
the older cohort. Moreover, the risk with ticagrelor
was borderline higher than with prasugrel in the
younger cohort (RR: 1.27, 95% CI: 0.95-1.71),
but not in the older cohort (Supplemental Figure
4).

As regards the ACS presentation, the results
were generally similar for the NSTEMI/UA
and STEMI cohorts. In both NSTEMI/UA and
STEMI patients, ticagrelor showed no difference,
whether comparing to clopidogrel or to prasugrel.
Prasugrel showed a lower risk compared to
clopidogrel (RR: 0.75, 95% CI: 0.64-0.88) only
in NSTEMI/UA patients, but no significant
difference in STEMI patients (RR: 0.86, 95% CI:
0.63-1.17) (Supplemental Figure 5).

Regarding the diabetes status, the results
were generally similar for the DM and non-
DM cohorts. In both DM and non-DM patients,
ticagrelor showed no difference, compared to
either clopidogrel or prasugrel. Prasugrel showed
lower risk compared to clopidogrel (RR: 0.68,
95% CI: 0.46-0.99) only in non-DM patients but
not in DM patients (RR: 0.90, 95% CI: 0.64-1.25)
(Supplemental Figure 6).

Some differences were noted between the
CKD and non-CKD cohorts. While the protective
effect of prasugrel compared to clopidogrel
was significant in both the CKD and non-CKD
cohorts, the reduced risk with ticagrelor compared



P
J Tai Cardi Interv 2025;16:11-30 HsinYu T t al. %
aiwan Cardiovasc Interv sinYu Tseng et a 2 (,%6

A. TIMI bleeding RR (95% CI)

Clopidogrel Reference

Prasugrel : 1.26 (0.996 to 1.58)

Ticagrelor ’ ’ 1.29 (1.08 to 1.54)

Prasugrel Reference

Ticagrelor : : 1.03 (0.77 to 1.38)
0.7 1.2 1.7

Risk ratio (95% Cl)

B. Fatal bleeding RR (95% Cl)
Clopidogrel Reference
Prasugrel ‘ ' 3.49 (0.94 to 12.96)
Ticagrelor f : 1.22 (0.37 to 4.04)
Prasugrel Reference
Ticagrelor ! : 0.35 (0.06 to 2.07)

0.1 0.2 0.8 3.2 12.8
Risk ratio (95% Cl)

C.ICH RR (95% Cl)
Clopidogrel Reference
Prasugrel —O— 1.11 (0.58 to 2.14)
Ticagrelor f ! 1.97 (1.06 to 3.66)
Prasugrel Reference
Ticagrelor | t 1.77 (0.72 to 4.35)

I T T T 1

0.5 1.5 2.5 3.5 4.5
Risk ratio (95% Cl)

Figure 2. Summary of network meta-analysis of the safety outcomes. (A) TIMI major bleeding (B) Fatal
bleeding (C) ICH.
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Figure 3. Summary of network meta-analysis of major adverse cardiac events stratified by (A) sex and (B)

body weight.

to clopidogrel was only observed in the non-CKD
cohort (RR: 0.81, 95% CI: 0.70-0.93), but not in
the CKD cohort (RR: 0.95, 95% CI: 0.78-1.16).
Interestingly, the risks for prasugrel and ticagrelor
were similar in the non-CKD cohort, while the
risk was borderline higher for ticagrelor than
prasugrel in the CKD cohort (Supplemental Figure
7).

Asian and non-Asian trials subgroup
analysis

The three P2Y 12 inhibitors showed
tremendous differences in MACE when separated
into Asian and non-Asian regions (Figure 4A).
Prasugrel showed a significant protective effect
in comparison to clopidogrel (RR: 0.82, 95% CI:
0.74-0.91) in the non-Asian trials, while prasugrel
and clopidogrel retained similar MACE rates (RR:
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0.87, 95% CI: 0.59-1.28) in Asian trials. More
interestingly, the effect of ticagrelor compared to
clopidogrel was protective in the non-Asian trials
(RR: 0.85, 95% CI: 0.78-0.92), but harmful in
the Asian trials (RR: 1.75, 95% CI: 1.18-2.59).
The risks were comparable with ticagrelor and
prasugrel in the non-Asian trials (RR: 1.03, 95%
CI: 0.91-1.18), but higher with ticagrelor than
prasugrel in the Asian trials (RR: 2.01, 95% CI:
1.16-3.48).

In terms of CV death and all-cause mortality,
the risks remained quite comparable between
prasugrel and clopidogrel in both Asian and
non-Asian trials (Figures 4B, 4C). The effect
of ticagrelor compared to clopidogrel was
significantly protective in the non-Asian trials,
whereas it remained similar in the Asian trials.
When comparing ticagrelor to prasugrel between
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Figure 4. Summary of network meta-analysis of the efficacy outcomes in Asian and non-Asian trials. (A)
Primary efficacy (B) CV death (C) All-cause mortality (D) Stent thrombosis.
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the Asian and non-Asian trials, ticagrelor trended
toward being more protective in the non-Asian
trials and toward harmful in the Asian trials, but
without reaching statistical significance.

Regarding stent thrombosis, none of the
comparisons between any two agents showed a
statistically significant difference in the Asian
trials (Figure 4D). In the non-Asian trials, the risk
with prasugrel and ticagrelor was lower than with
clopidogrel, while the risk with ticagrelor was still
numerically higher than with prasugrel (RR: 1.40,
95% CI: 0.92-2.11).

The risks of TIMI bleeding with prasugrel
relative to clopidogrel were higher in the non-
Asian trials (RR: 1.31, 95% CI: 1.03-1.67) but
were comparable in the Asian trials (RR: 0.86,
95% CI: 0.41-1.79) (Figure 5A). Ticagrelor
carried significantly greater risk of TIMI bleeding
than clopidogrel in both non-Asian (RR: 1.24,

A. TIMI bleeding

95% CI: 1.02-1.51) and Asian trials (RR: 1.57,
95% CI: 1.001-2.48). Moreover, the risks with
prasugrel and ticagrelor were quite comparable in
the non-Asian trials (RR: 0.95, 95% CI: 0.69-1.30)
and the Asian trials (RR: 1.84, 95% CI: 0.77-4.35).

Fatal bleeding outcomes were differed
notably between the Asian and non-Asian trials
(Figure 5B). The risks with prasugrel were
significantly higher than with clopidogrel in the
non-Asian trials (RR: 4.18, 95% CI: 0.77-4.35),
but were comparable in the Asian trials (RR: 1.84,
95% CI: 0.77-4.35). The risks with ticagrelor and
clopidogrel were quite comparable in the non-
Asian trials (RR: 0.87, 95% CI: 0.48-1.57) and the
Asian trials (RR: 9.00, 95% CI: 0.49-166.61). The
risks with ticagrelor were significantly lower than
with prasugrel in the non-Asian trials (RR: 0.21,
95% CI: 0.07-0.65), but similar in the Asian trials
(RR: 4.55,95% CI: 0.10-198.68).

Non-Asian Asian RR (95% Cl)
J} J> Non-Asian Asian
Clopidogrel Reference Reference
Prasugrel —— —— 1.31 (1.03 to 1.67) 0.86 (0.41 to 1.79)
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0.5 1.0 1.5 20 0.0 2.0 4.0
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Figure 5. Summary of network meta-analysis of the safety outcomes in Asian and non-Asian trials. (A) TIMI

major bleeding (B) Fatal bleeding.
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Discussion

In our network meta-analysis (NMA), there
was no difference in risks of MACE between
clopidogrel, prasugrel and ticagrelor when treating
ACS. However, the risks of stent thrombosis
with both prasugrel and ticagrelor were lower
in comparison to clopidogrel. As for safety
concerns, ticagrelor showed significantly higher
rates of non-CABG TIMI criteria major bleeding
and ICH than clopidogrel. Interestingly, when
analyzed by Asian and non-Asian trials, prasugrel
and ticagrelor showed lower MACE rates than
clopidogrel in non-Asian trials, while ticagrelor
had higher MACE rates than clopidogrel and
prasugrel in Asian trials. Stent thrombosis
rates were comparable across the three P2Y12
inhibitors in Asian trials.

To the best of our knowledge, no random-
ized controlled trial (RCT) has undertaken a
direct comparison of clopidogrel, prasugrel and
ticagrelor in an ACS setting, and previously
published meta-analyses have mainly compared
only two of the three P2Y 12 inhibitors. A
previous meta-analysis comparing prasugrel and
clopidogrel in ACS patients showed similar rates
of all-cause death, MI and stroke; however, no
analysis of MACE was reported in that study.’
Similarly, a previous meta-analysis of ticagrelor
and clopidogrel showed comparable MACE rates,
but only in ACS patients who underwent PCI."
Two previous meta-analyses were conducted on
ticagrelor and prasugrel in an ACS setting. One
analysis reported ticagrelor associated with higher
short-term stent thrombosis and long-term all-
cause mortality compared to ticagrelor in ACS
patients who received PCL."" The other analysis
reported no difference in 1 year MACE between
ticagrelor and prasugrel.”” Therefore, we used
network meta-analysis to compare clopidogrel,
prasugrel and ticagrelor and discovered no
difference in the risks of MACE in an ACS
setting.

Two RCTs comparing prasugrel and
ticagrelor that were not included in our NMA
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deserve mention. One RCT was the ISAR-
REACT 5 trial, a multicenter, open-label RCT
with ACS patients randomized to ticagrelor or
prasugrel, in which prasugrel had a lower rate of
the composite outcome of stroke, MI or death in
the first year."”” This study was excluded because
19% of the patients were not receiving a trial drug
at discharge and one third of the study cohort no
longer received the initial treatment by the end of
the study. The other RCT was the PRAGUE-18
trial, a multicenter RCT with AMI patients
randomized to ticagrelor or prasugrel which found
prasugrel and ticagrelor to have similar combined
endpoints of cardiovascular death, MI and stroke
at one year."* However, high rates of crossover
to clopidogrel were noted, namely 34.1% in the
prasugrel group and 44.4% in the ticagrelor group.
For these reasons, we did not include these two
studies in our network meta-analysis.

There are very few NMAs comparing
clopidogrel, prasugrel and ticagrelor with regard
to MACE in ACS. Two NMAs were conducted
before publication of the TICA KOREA trial. In
2016, Rafique et al. reported an NMA including
37 studies with a total of 88,402 STEMI patients
that discovered that prasugrel was associated
with lower rates of MACE within one year than
clopidogrel and ticagrelor."” However, that NMA
only included studies with STEMI patients and
consisted of observational studies and registry
data. In 2017, Shah et al. conducted similar
studies of ACS patients and found that both
prasugrel and ticagrelor had decreased rates of
MACE compared with clopidogrel, but there was
no significant difference between the agents upon
direct comparison.'® That NMA included 9 RCTs
with a total of 106,288 patients, but half of the
patients were initially allocated to clinical trials
that compared place and clopidogrel, such as
the CURE,” COMMIT* and CLARITY TIMI-28
studies."”

Two further NMAs were conducted recently.
In 2020, Navarese et al. analyzed 12 RCTs with
a total of 52,816 patients with ACS"™ and found
that, compared with clopidogrel, ticagrelor
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significantly reduced CV mortality and all-cause
mortality, whereas prasugrel had no statistically
significant mortality reduction, compared with
clopidogrel. However, MACE was not reported
in the Navarese et al. study. Most importantly,
that study included RCTs focusing exclusively
on special populations. For example, the Elderly
ACS 2 trial,” the POPular Age trial® and a
trial conducted by Wang et al.* only included
elderly ACS patients. Another example of a
study involving a special population was the
TRICOLOGY ACS trial,”> which only enrolled
ACS patients without revascularization. These
drawbacks might limit the applicability of the
results of the studies in question to the whole ACS
population. In 2020, Baldetti et al. conducted a
similar study and found no significant differences
between clopidogrel, prasugrel and ticagrelor with
respect to 1-year MACE outcomes,” a finding
which was similar to that of our NMA. However,
the Baldetti et al. study included some prospective
studies and some studies with short follow-up
durations. Most importantly, no authors reported
subgroup analyses in any of these previous NMAs,
and none of them conducted analysis with regard
to Asian and non-Asian populations.

With regard to safety concerns, our NMA
confirmed the suspicions that the more potent
the P2Y 12 inhibitors are, the higher the bleeding
rate will be. Prasugrel had a borderline higher
risk of TIMI major bleeding than clopidogrel,
almost reaching statistical significance. Higher
major bleeding risks with ticagrelor, compared
to clopidogrel, were also confirmed. Our finding
was similar to previous meta-analyses reporting
similar results with prasugrel’ and ticagrelor" in
comparison to clopidogrel. Our meta-analysis
also showed that, in direct comparison, prasugrel
and ticagrelor had no difference in this regard,
consistent with previous meta-analyses."""?

Thrombogenicity and hemorrhagic diathesis
In Asian ACS populations differ from those in
their Western counterparts. However, global
clinical trials have included only low numbers of
Asian patients. Focusing on studies which enrolled
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only Asian populations, only three RCTs were
found, all of which were included in our analysis.
The PRASFIT-ACS trial compared low-dose
prasugrel (loading dose of 20 mg and maintenance
doses of 3.75 mg) and clopidogrel.* The PHILO
trial and TICAKOREA trial compared ticagrelor
and clopidogrel.’*”” However, no RCTs have
directly compared prasugrel and ticagrelor in Asian
populations. Overall, Asian populations showed
differences in MACE and stent thrombosis rates,
while non-Asian populations showed differences
in MACE, CV death, mortality, TIMI bleeding
and fatal bleeding rates.

Regarding MACE, our overall NMA
showed no difference between the three different
P2Y 12 inhibitors. However, the analysis of Asian
trials showed ticagrelor to be more harmful
than clopidogrel and prasugrel. A similar result
whereby ticagrelor had higher MACE rates than
clopidogrel can be found in the PHILO trial and
the TICAKOREA trial, which both reported a
trend with ticagrelor toward higher MACE rates,
though the difference did not reach statistical
significance.’®” However, observational studies
have reported a different result. In the KAMIR-
NIH study, conducted in south Korea, Ticagrelor
showed a similar MACE rate compared to
clopidogrel.” In addition, ticagrelor even showed
superiority in terms of MACE in the COSTIC
study performed in China®® and the ESTATE
study conducted in Taiwan.”” However, the
conclusion that ticagrelor had a higher MACE rate
than prasugrel in Asian populations was reached
in the context of a lack of direct comparison trials.
Comparing clopidogrel and low-dose prasugrel in
an Asian population, no significant difference was
noted, as evidenced by the PRASFIT-ACS trial
and also observed in a real-world observational
study,™ the KiCS-PCI registry study performed in
Japan.®

With regard to stent thrombosis, in our
overall NMA, prasugrel and ticagrelor both
showed lower stent thrombosis rates, compared
to clopidogrel. By contrast, in Asian populations,
the three P2Y 12 receptor antagonists showed
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comparable stent thrombosis rates. This was also
observed in real-world observational studies.
In the J-PCI registry study conducted in Japan,
low-dose prasugrel and clopidogrel showed no
difference in stent thrombosis rate. In the ESTATE
study from Taiwan® and the KAMIR-NIH study
from Korea,* ticagrelor and clopidogrel showed
no difference in stent thrombosis rates. Based
on the databases of the Korean national health
insurance service, prasugrel and ticagrelor showed
no difference in stent thrombosis rate, compared
to clopidogrel.” However, no study has previously
compared prasugrel and ticagrelor in Asian
populations. Notably, the above results should be
interpreted with caution since the standard dose of
prasugrel used in the global trials (loading 60 mg
and maintenance 10 mg) differed from the lower
dose of prasugrel used in the Asian studies (loading
20 mg and maintenance 3.75 mg).

In summary, considering Asian populations,
clopidogrel and low-dose prasugrel offered similar
effects with regard to MACE reduction and stent
thrombosis prevention. Ticagrelor, however,
was harmful as regards MACE when compared
with clopidogrel and low-dose prasugrel. The
three P2Y12 inhibitors showed no difference as
regards CV death, mortality, stent thrombosis rate,
TIMI major bleeding and fatal bleeding in Asian
populations. Therefore, clopidogrel and low-dose
prasugrel should be favored over ticagrelor in
Asian ACS populations. However, further studies
are warranted to determine the optimal antiplatelet
regimen and dosage in Asian ACS patients.

The importance and value of this study lay
in its comparison of ticagrelor and prasugrel for
which there is a lack of robust RCTs. Our overall
NMA showed no difference regarding MACE,
CV death, all-cause mortality, stent thrombosis,
TIMI bleeding, fatal bleeding and ICH. However,
the analysis of exclusively Asian RCTs showed
ticagrelor associated with significantly higher
MACE rates, but less fatal bleeding, compared to
prasugrel.
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Limitations

This NMA had several limitations. First, the
results were analyzed on the clinical trial scale;
not in terms of individual participant data. There
were various sources of heterogenicity among
the ACS treatments, such as dose and duration
of P2Y 12 inhibitor therapy, vascular access
routes, glycoprotein IIb/IIla inhibitors, drug-
eluting stents, and degrees of operator experience.
In particular, the differences in dosages should
be noted. Regarding clopidogrel, most studies
used 300 mg as the loading dose, but 20% of
the patients in the PLATO trial and all of the
participants in the TICAKOREA trial received
600 mg as a loading dose. More notably, there
were two different loading and maintenance
regimens for prasugrel. One was 60 mg loading
with 10 mg maintenance, which was adopted in
the TRITON-TIMI 38 trial; the other was 20 mg
loading with 3.75 mg maintenance, as used in
the PRASFIT-ACS trial. Dosing of clopidogrel
were reduced in elderly patients and patients with
low body weight. Furthermore, prasugrel should
only be given when coronary anatomy is known
and it is contraindicated in cases with a history of
cerebrovascular accident.

Second, the included RCTs used different
definitions of clinical events, different follow-
up durations, and different sample sizes. Only
RCTs were enrolled in our NMA, which increased
the reliability of our study but limited its clinical
implications in terms of real-world practice. Our
study underscores the need for further RCTs to
directly compare the clinical efficacy and safety
outcomes of various P2Y12 receptor antagonists
in ACS patients.

Conclusion

Our NMA suggested that clopidogrel,
prasugrel and ticagrelor carried similar risks
regarding MACE, CV death and all-cause
mortality. Only ticagrelor was associated with
increased risks of major bleeding events and
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ICH when compared to clopidogrel. In Asian
patients, ticagrelor was found to be harmful with
regard to MACE when compared to clopidogrel
and ticagrelor. Results from further RCTs are
needed to further evaluate the efficacy and safety
differences between clopidogrel, prasugrel and
ticagrelor.

Reference

1. Eisen A, Giugliano RP, Braunwald E. Updates on
Acute Coronary Syndrome: A Review. JAMA Cardiol
2016;1:718-730.

2. Randomised trial of intravenous streptokinase, oral
aspirin, both, or neither among 17,187 cases of
suspected acute myocardial infarction: ISIS-2. ISIS-
2 (Second International Study of Infarct Survival)
Collaborative Group. Lancet 1988;2:349-360.

3. Yusuf S, Zhao F, Mehta SR, Chrolavicius S, Tognoni
G, Fox KK. Effects of clopidogrel in addition to aspirin
in patients with acute coronary syndromes without ST-
segment elevation. N Engl J Med 2001;345:494-502.

4. Chen ZM, Jiang LX, Chen YP, et al. Addition of
clopidogrel to aspirin in 45,852 patients with acute
myocardial infarction: randomised placebo-controlled
trial. Lancet 2005;366:1607-1621.

5. Wiviott SD, Braunwald E, McCabe CH, et al.
Prasugrel versus clopidogrel in patients with acute
coronary syndromes. N Engl J Med 2007;357:2001-
2015.

6. Wallentin L, Becker RC, Budaj A, et al. Ticagrelor
versus clopidogrel in patients with acute coronary
syndromes. N Engl J Med 2009;361:1045-1057.

7. Ibanez B, James S, Agewall S, et al. 2017 ESC
Guidelines for the management of acute myocardial
infarction in patients presenting with ST-segment
elevation: The Task Force for the management of
acute myocardial infarction in patients presenting
with ST-segment elevation of the European Society of
Cardiology (ESC). Eur Heart J 2018;39:119-177.

8. Collet JP, Thiele H, Barbato E, et al. 2020 ESC
Guidelines for the management of acute coronary
syndromes in patients presenting without persistent
ST-segment elevation. Eur Heart J 2020.

9. Jia M, Li Z, Chu H, Li L, Chen K. Novel oral P2Y12
inhibitor prasugrel vs. clopidogrel in patients with
acute coronary syndrome: evidence based on 6 studies.
Med Sci Monit 2015;21:1131-1137.

10. Fan ZG, Zhang WL, Xu B, Ji J, Tian NL, He SH.
Comparisons between ticagrelor and clopidogrel

25

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

following percutaneous coronary intervention
in patients with acute coronary syndrome: a
comprehensive meta-analysis. Drug Des Devel Ther
2019;13:719-730.

Khan MS, Memon MM, Usman MS, et al. Prasugrel
vs. Ticagrelor for Acute Coronary Syndrome Patients
Undergoing Percutaneous Coronary Intervention:
A Systematic Review and Meta-Analysis. Am J
Cardiovasc Drugs 2019;19:465-476.

Ullah W, Ali Z, Sadiq U, et al. Meta-Analysis
Comparing the Safety and Efficacy of Prasugrel and
Ticagrelor in Acute Coronary Syndrome. Am J Cardiol
2020;132:22-28.

Schiipke S, Neumann FJ, Menichelli M, et al.
Ticagrelor or Prasugrel in Patients with Acute
Coronary Syndromes. N Engl J Med 2019;381:1524-
1534.

Motovska Z, Hlinomaz O, Kala P, et al. 1-Year
Outcomes of Patients Undergoing Primary Angioplasty
for Myocardial Infarction Treated With Prasugrel
Versus Ticagrelor. J Am Coll Cardiol 2018;71:371-
381.

Rafique AM, Nayyar P, Wang TY, et al. Optimal
P2Y12 Inhibitor in Patients With ST-Segment
Elevation Myocardial Infarction Undergoing Primary
Percutaneous Coronary Intervention: A Network Meta-
Analysis. JACC Cardiovasc Interv 2016;9:1036-1046.
Shah R, Rashid A, Hwang I, Fan TM, Khouzam RN,
Reed GL. Meta-Analysis of the Relative Efficacy and
Safety of Oral P2Y 12 Inhibitors in Patients With Acute
Coronary Syndrome. Am J Cardiol 2017;119:1723-
1728.

Sabatine MS, Cannon CP, Gibson CM, et al. Addition
of clopidogrel to aspirin and fibrinolytic therapy for
myocardial infarction with ST-segment elevation. N
Engl J Med 2005;352:1179-11809.

Navarese EP, Khan SU, Kotodziejczak M, et al.
Comparative Efficacy and Safety of Oral P2Y(12)
Inhibitors in Acute Coronary Syndrome: Network
Meta-Analysis of 52 816 Patients From 12
Randomized Trials. Circulation 2020;142:150-160.
Savonitto S, Ferri LA, Piatti L, et al. Comparison
of Reduced-Dose Prasugrel and Standard-Dose
Clopidogrel in Elderly Patients With Acute Coronary
Syndromes Undergoing Early Percutaneous
Revascularization. Circulation 2018;137:2435-2445.
Gimbel M, Qaderdan K, Willemsen L, et al.
Clopidogrel versus ticagrelor or prasugrel in patients
aged 70 years or older with non-ST-elevation
acute coronary syndrome (POPular AGE): the
randomised, open-label, non-inferiority trial. Lancet
2020;395:1374-1381.



J Taiwan Cardiovasc Interv 2025;16:11-30

P
HsinYu Tseng et al. 50
sinYu Tseng et a g(‘%(

(=

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Wang H, Wang X. Efficacy and safety outcomes
of ticagrelor compared with clopidogrel in elderly
Chinese patients with acute coronary syndrome. Ther
Clin Risk Manag 2016;12:1101-1105.

Roe MT, Armstrong PW, Fox KA, et al. Prasugrel
versus clopidogrel for acute coronary syndromes
without revascularization. N Engl J Med 2012;367:
1297-1309.

Baldetti L, Melillo F, Moroni F, et al. Meta-Analysis
Comparing P2Y(12) Inhibitors in Acute Coronary
Syndrome. Am J Cardiol 2020;125:1815-1822.

Saito S, Isshiki T, Kimura T, et al. Efficacy and safety
of adjusted-dose prasugrel compared with clopidogrel
in Japanese patients with acute coronary syndrome: the
PRASFIT-ACS study. Circ J 2014;78:1684-1692.
Umemura K, Iwaki T. The Pharmacokinetics and
Pharmacodynamics of Prasugrel and Clopidogrel in
Healthy Japanese Volunteers. Clin Pharmacol Drug
Dev 2016;5:480-487.

Park DW, Kwon O, Jang JS, et al. Clinically Significant
Bleeding With Ticagrelor Versus Clopidogrel in
Korean Patients With Acute Coronary Syndromes
Intended for Invasive Management: A Randomized
Clinical Trial. Circulation 2019;140:1865-1877.

Goto S, Huang CH, Park SJ, Emanuelsson H, Kimura
T. Ticagrelor vs. clopidogrel in Japanese, Korean and
Taiwanese patients with acute coronary syndrome --
randomized, double-blind, phase III PHILO study.
Circ J 2015;79:2452-2460.

Jeon HS, Kim MJ, Choi HY, et al. Pharmacokinetics
and pharmacodynamics of ticagrelor and prasugrel in
healthy male Korean volunteers. Clin Ther 2015;37:
563-573.

Sun J, Xiang Q, Li C, et al. Efficacy and Safety of
Novel Oral P2Y12 Receptor Inhibitors in Patients
With ST-Segment Elevation Myocardial Infarction
Undergoing PCI: A Systematic Review and Meta-
Analysis. J Cardiovasc Pharmacol 2017;69:215-227.
Bavishi C, Panwar S, Messerli FH, Bangalore S. Meta-
Analysis of Comparison of the Newer Oral P2Y 12
Inhibitors (Prasugrel or Ticagrelor) to Clopidogrel
in Patients With Non-ST-Elevation Acute Coronary
Syndrome. Am J Cardiol 2015;116:809-817.

Yang H, Tang B, Xu CH, Ahmed A. Ticagrelor Versus

26

32.

33.

34.

35.

36.

37.

38.

39.

Prasugrel for the Treatment of Patients with Type 2
Diabetes Mellitus Following Percutaneous Coronary
Intervention: A Systematic Review and Meta-Analysis.
Diabetes Ther 2019;10:81-93.

Ahn KT, Seong SW, Choi UL, et al. Comparison
of 1-year clinical outcomes between prasugrel and
ticagrelor versus clopidogrel in type 2 diabetes patients
with acute myocardial infarction underwent successful
percutaneous coronary intervention. Medicine
(Baltimore) 2019;98:e14833.

Bonello L, Laine M, Lemesle G, et al. Meta-Analysis
of Potent P2Y12-ADP Receptor Antagonist Therapy
Compared to Clopidogrel Therapy in Acute Coronary
Syndrome Patients with Chronic Kidney Disease.
Thromb Haemost 2018;118:1839-1846.

De Filippo O, D'Ascenzo F, Raposeiras-Roubin S,
et al. P2Y12 inhibitors in acute coronary syndrome
patients with renal dysfunction: an analysis from
the RENAMI and BleeMACS projects. Eur Heart J
Cardiovasc Pharmacother 2020;6:31-42.

Park KH, Jeong MH, Ahn Y, et al. Comparison of
short-term clinical outcomes between ticagrelor versus
clopidogrel in patients with acute myocardial infarction
undergoing successful revascularization; from Korea
Acute Myocardial Infarction Registry-National
Institute of Health. Int J Cardiol 2016;215:193-200.
Sun Y, Li C, Zhang L, et al. Clinical outcomes after
ticagrelor and clopidogrel in Chinese post-stented
patients. Atherosclerosis 2019;290:52-58.

Chen IC, Lee CH, Fang CC, et al. Efficacy and safety
of ticagrelor versus clopidogrel in acute coronary
syndrome in Taiwan: A multicenter retrospective pilot
study. J Chin Med Assoc 2016;79:521-530.

Shoji S, Sawano M, Sandhu AT, et al. Ischemic and
Bleeding Events Among Patients With Acute Coronary
Syndrome Associated With Low-Dose Prasugrel vs
Standard-Dose Clopidogrel Treatment. JAMA Netw
Open 2020;3:¢202004.

Akita K, Inohara T, Yamaji K, et al. Impact of
reduced-dose prasugrel vs. standard-dose clopidogrel
on in-hospital outcomes of percutaneous coronary
intervention in 62 737 patients with acute coronary
syndromes: a nationwide registry study in Japan. Eur
Heart J Cardiovasc Pharmacother 2020;6:231-238.



T o
J Taiwan Cardiovasc Interv 2025;16:11-30 P2Y12 receptor aAngég(;I;ltsitesnltrsl %

SUPPLEMENT
'
c Total records identified (n = 1254)
2 Pubmed: 247, Embase: 546,
g Cochrance Library: 461
‘B
=
)
E]
Duplicates removed
— v (n=387)
'
1) v
g Excluded (n = 621)
o Records screened | -Design manuscripts (n=102)
3 (n= 867) ~| -Commentary or editorial (n= 489)
-Inaccessable full-text reports (n= 30)

—
'
y

E Full-text articles assessed Excluded (n = 241)

2 for eligibility » | No long term follow up (n=96)

= (n =246) Not randomized clinical trial (n=145)
—
'

-]

5 Studies included in quantitative

=] .

= synthesis (n = 5)

=
—

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting ltems for Systematic Reviews and Meta-Analyses: The
PRISMA Statement. PLoS Med 6(7): €1000097. doi:10.1371/journal.pmed1000097

For more information, visit www.prisma-statement.org.

Supplemental Figure 1. Flowchart for inclusion and exclusion of studies.
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Supplemental Figure 2. Assessment of risk of bias in the included studies.

ticagrelor

clopidogrel

prasugrel

Supplemental Figure 3. Network diagram of treatment comparisons included in this study. The link

thickness between treatments reflects the number of studies.
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Age <75 yrs. Age 275 yrs. RR (95% Cl)
J> Age <75 yrs. Age 275 yrs.
Clopidogrel Reference Reference
Prasugrel —o— O 0.72 (0.57 t0 0.92) 0.90 (0.77 t0 1.07)
Ticagrelor —T— = 0.92 (0.71to 1.21) 0.94 (0.81 to 1.09)
Prasugrel Reference Reference
Ticagrelor —_——— —O— 1.27 (0.95to 1.71) 1.04 (0.86 to 1.26)
r T r T
0.5 1.0 15 0.5 1.0 1.5

Risk ratio (95% Cl)

Risk ratio (95% ClI)

Supplemental Figure 4. Summary of network meta-analysis of major adverse cardiac events stratified by

age, above or below 75 years old.

NSTEMI/UA
Clopidogrel <L
Prasugrel —Oo—
Ticagrelor —O—
Prasugrel
Ticagrelor —O—
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0.5
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1.0 1.5
Risk ratio (95% ClI)

RR (95% CI)

NSTEMI/UA
Reference
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Reference
1.19 (0.97 to 1.45)

STEMI
Reference
0.86 (0.63 to 1.17)
1.04 (0.76 to 1.43)

Reference
1.22 (0.85 to 1.74)

Supplemental Figure 5. Summary of network meta-analysis of major adverse cardiac events stratified by

etiology of acute coronary syndrome.
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Supplemental Figure 6. Summary of network meta-analysis of major adverse cardiac events stratified by

the presence or absence of diabetes.
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