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Abstract

Few randomized controlled trials (RCTs) have compared ticagrelor to clopidogrel after
thrombolytic therapy in patients with ST-segment elevation myocardial infarction (STEMI). To
assess the quality of the current evidence, a trial sequential analysis (TSA) of all the available
RCTs was performed. A literature search through electronic databases for relevant RCTs was
completed. Trial sequential boundaries were applied to the meta-analysis to guard against
statistical error, calculate the information size (IS), and assess the quality of the currently available
evidence. The safety outcome was bleeding at 30-days and the efficacy outcome was major
adverse cardiovascular events at 30-days. There were 3 RCTs with a total of 3999 patients were
included. For the safety and efficacy outcomes, there was no difference between the ticagrelor and
clopidogrel groups (RR 0.94; 95% CI1 0.56-1.60, p = 0.83) and (RR 0.87; 95% CI 0.49-1.52, p =
0.62), respectively. The corresponding TSA revealed an IS of 20,928 and 37,266 for safety and
efficacy outcomes, respectively. The Z-curves for both outcomes failed to cross the conventional
boundary of significance and TSA boundary, indicating no statistical difference between the
ticagrelor and clopidogrel group and lack of firm evidence from the currently available RCTs to
draw conclusion. Based on the current available RCTs, there is not enough evidence to support or
refute better outcomes with ticagrelor in patients with STEMI treated with thrombolytics. Larger
RCTs with enough power are needed before firm recommendations can be applied.
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Introduction

Methods

Primary percutaneous coronary intervention (PCI) is the frontline therapy for patients with
ST-segment elevation myocardial infarction (STEMI) [1]. However, many hospitals are
considered non-PCI capable facilities and therefore thrombolytics are the only available
treatment option. Ticagrelor (a reversible P2Y12 inhibitor) has been shown to be superior to
clopidogrel in patients with STEMI treated with PCI in the PLATO (Platelet Inhibition and
Patient Outcomes) trial. However, patients treated with thrombolytics were excluded and
guidelines continue to recommend the use of clopidogrel over ticagrelor in this patient
population [2]. Few randomized controlled trials (RCTs) have compared ticagrelor to
clopidogrel in patients with STEMI treated with thrombolytics [3-5].

Trial sequential analysis (TSA) is an advanced meta-analysis technique that is used to
evaluate the accumulative evidence from previous trials in a sequential manner over time to
determine if there is enough evidence to draw firm conclusions [6]. Hence, for this study we
performed TSA of all the available RCTs comparing ticagrelor to clopidogrel in patients
with STEMI who were treated with thrombolytic therapy.

A literature search for electronic database was conducted for RCTs comparing ticagrelor to
clopidogrel in patients with STEMI who were treated with thrombolytic therapy. The safety
outcome of interest was 30-day bleeding which was defined as per the Bleeding Academic
Research Consortium criteria (BARC = 2). The efficacy outcome of interest was 30-day
major adverse cardiovascular events (MACE) as defined by each individual trial. The
protocol of the review has been registered at the International Prospective Register of
Systematic Reviews (PROSPERO) database (ID: CRD42018091336). The results of the
meta-analysis have been previously published and, in this paper, the results of the TSA will
be presented [7].

Trial sequential analysis (TSA)

In a single randomized clinical trial, sequential hypothesis testing is used to predict whether
a trial could be terminated early because of sufficient evidence (interim analysis). Similarly,
sequential monitoring boundaries are applied to a meta-analysis by calculating the
information size (IS) (sample size contributed by the studies included in the meta-analysis),
in order to obtain more reliable results and avoid false statistical inference. By this method,
TSA boundaries are applied to the meta-analysis to guard against the risk of false-positive
(type I error) and false negative (type Il error) results.

By adding the trials one by one, a Z-curve representing accumulation of evidence from trials
over time is constructed. If the Z-curve crosses the Alpha boundary of significance,
sufficient statistical significance has been achieved favoring the intervention. On the
contrary, if the Z-curve crosses the futility boundary, sufficient statistical evidence is
available to conclude no effect of the examined intervention. To guard against statistical
errors, another boundary, the TSA boundary, is applied and if the Z-curve crosses the TSA
boundary, a sufficient level of evidence for the anticipated intervention effect has been
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reached and no further studies are needed. However, if the Z-curve fails to cross the TSA
boundary and the required IS has not been reached, evidence to reach a conclusion is
insufficient and more studies are needed [6]. We performed our analysis to maintain an
overall two-sided type-I error rate at 5% (Alpha boundary), 20% relative risk reduction for
ticagrelor, and we calculated the required IS size with 80% power. We also performed
multiple sensitivity analysis with assumption of 10%, 25% and 35% relative risk reduction
in safety and efficacy outcomes with the use of ticagrelor. Analysis was conducted using the
TSA software, Copenhagen Trial Unit, version 0.9.5.10 Beta.

Only 3 RCTs with a total of 3999 patients were included in the meta-analysis. The search
was updated, and no new trials have been published, baseline characteristic of the included
trial are shown in Table 1 [3-5]. For the safety outcome (BARC = 2), there was no
difference between the ticagrelor and clopidogrel groups (1.3 vs. 1.4%, RR 0.94; 95% CI
0.56-1.60, p = 0.83). The corresponding TSA revealed an IS of 20,928. The Z-curve failed
to cross the conventional boundary of significance indicating no statistical difference
between the ticagrelor and clopidogrel group. Additionally, the Z-curve failed to cross the
TSA boundary indicating lack of firm evidence from the currently available RCTs to draw a
conclusion (Fig. 1).

Similarly, for the efficacy outcome (30-day MACE), there was no difference between the
two groups (3.8 vs. 4.3%; RR 0.87; 95% CI 0.49-1.52, p = 0.62). The corresponding TSA
showed an IS of 37,266, the Z-curve failed to cross the conventional boundary suggesting no
difference between the two groups and the corresponding TSA boundary was not crossed by
the Z-curve indicating lack of firm evidence to draw final conclusion (Fig. 2). Multiple
sensitivity analysis with the assumption of 10%, 25% and 30% relative risk reduction in
safety and efficacy outcomes for the use of ticagrelor were performed and yielded similar
results.

Discussion

The findings from the current TSA of the RCTs comparing ticagrelor to clopidogrel in
patients with STEMI treated with thrombolytics suggest that there is a paucity of data and
based on the current available evidence, there is a risk of type Il statistical error (i.e.
concluding that there is no difference between the two medications in terms of safety and
efficacy while a true difference exists in reality).

The largest RCT to address the question of safety and efficacy of ticagrelor in STEMI
patients treated with thrombolytics is the TREAT trial [4]. The TREAT trial was a
multicenter, open label, RCT that included a total of 3799 patients randomized to receive
ticagrelor or clopidogrel after thrombolytic therapy. In the 30-day follow up there was no
difference between ticagrelor and clopidogrel in terms of safety or efficacy outcomes.
Additionally, the trial reported similar outcomes between ticagrelor and clopidogrel in the
long term follow up at 12 months [4].
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Although the TREAT trial suggested that ticagrelor is safe in patients with STEMI treated
with thrombolytics compared to clopidogrel, there was no added benefit of ticagrelor in term
of reducing ischemic events in contrast to what was reported by the PLATO trial. The
PLATO trial which was the landmark study that revealed the superiority of ticagrelor over
clopidogrel in patients with acute coronary syndrome [2, 4]. The difference in the outcomes
between these two trials can be attributed to several key variations in their designs. First, the
two trials studied different patient populations. The PLATO trial excluded patients who
received thrombolytics, however these patients were the main population included in the
TREAT trial. Second, the PLATO trial recruited a total of 18,624 patients compared to only
3799 patients in the TREAT trial. The large sample size within the PLATO trial allowed the
study to achieve enough power to detect differences in ischemic outcomes. In comparison,
the TREAT trial was not powered to detect these differences due to the smaller population.
Based on our current TSA, a sample size of over 20,000 patients would be needed to detect a
significant difference in bleeding outcomes between ticagrelor and clopidogrel and over
35,000 patients to determine a significance difference in MACE while avoiding any potential
type-I1 statistical error.

From a pharmacology and pharmacodynamics perspective, there are several differences
between clopidogrel and ticagrelor. The P2Y 12 receptor is a primary receptor involved in the
platelet aggregation through the adenosine diphosphate (ADP) activation of the glycoprotein
I1b/I11a receptor [8]. Clopidogrel is classified as a thienopyridine; it is a prodrug that
requires metabolic activation to covalently and irreversibly bind to the P2Y12 receptor. On
the other hand, ticagrelor directly inhibits the binding of ADP to the P2Y12 receptor and
exhibits reversible inhibition. Ticagrelor provides an earlier onset of action, more potent
platelet inhibition effects, and less variability when compared to clopidogrel [9]. Due to the
more potent effect on platelet inhibition, there is potentially an increased risk of bleeding
when ticagrelor is administered after thrombolytic therapy. Unlike other P2Y12 inhibitors,
ticagrelor’s reversible mechanism of action has allowed for the recent development of a
neutralizing monoclonal antibody. Currently, the reversal agent has only been studied in
healthy patients and the results revealed an immediate and sustained neutralization of
ticagrelor’s antiplatelet affects. Although more literature is needed to evaluate the novel
reversal agent, this could be a potential benefit in regard to ticagrelor utilization in patients
who receive thrombolysis and are at an increased risk of bleed [10].

Limitations

The current analysis has several limitations which need to be acknowledged. First, the
original meta-analysis was a study level which lacked patient level data. Second, among the
three included studies, the TREAT trial recruited the highest number of patients and
consequently had the heaviest weight on the analysis. Third, the included trials had different
inclusion criteria, dosing and follow up duration.

Conclusion

Based on the current literature, there is not enough evidence to support or refute better
efficacy or safety outcomes with ticagrelor when compared to clopidogrel in patients with
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STEMI treated with thrombolytics. Larger RCTs with enough power are needed before firm
recommendations can be drawn.
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Highlights

. Few randomized controlled trials (RCTs) have compared ticagrelor to
clopidogrel after thrombolytic therapy in patients with ST-segment elevation
myocardial infarction (STEMI).

. To assess the quality of the current evidence, a trial sequential analysis of all
the available RCTs was performed.

. Based on the current available trials, there is not enough high-quality
evidence make firm conclusion on the outcomes with ticagrelor in patients
with STEMI treated with thrombolytics.

. Larger RCTs with enough power are needed before firm recommendations
can be applied.
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Ticagrelor  Clopidogrel Risk Ratio Risk Ratio
A Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Alexopoulos 2015 2 28 1 28 5.1% 2.00 [0.19, 20.82] i
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Fig. 1.

a Forest plot for the meta-analysis comparing 30-day bleeding between ticagrelor and
clopidogrel. bTrial sequential analysis for 30-day bleeding. The diversity-adjusted
information size (sample size) is 20,928 (vertical red line). The cumulative Z-curve (blue
line with small black squares representing each trial) failed to cross the traditional
(horizontal green line) and the trial sequential monitoring boundary (concave red line),
indicating lack of firm evidence supporting or refuting better 30-day bleeding in the

ticagrelor group
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a Forest plot for the meta-analysis comparing 30-day major adverse cardiovascular events
between ticagrelor and clopidogrel. bTrial sequential analysis for 30-day major adverse
cardiovascular events. The diversity-adjusted information size (sample size) is 37,266
(vertical red line). The cumulative Z-curve (blue line with small black squares representing
each trial) failed to cross the traditional (horizontal green line) and the trial sequential

J Thromb Thrombolysis. Author manuscript; available in PMC 2021 March 25.

~N



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Osman et al.

monitoring boundary (concave red line), indicating lack of firm evidence supporting or
refuting better 30-day major adverse cardiovascular events in the ticagrelor group
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