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Characteristics and outcomes of patients requiring bailout use of glycoprotein IIb/IIIa inhibitors for thrombotic complications of percutaneous coronary intervention: An analysis from the CHAMPION PHOENIX trial
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INTRODUCTION

Reducing periprocedural ischemic/thrombotic events in patients undergoing percutaneous coronary intervention (PCI) is an important therapeutic goal in order to improve both short and long-term outcomes.

In the past decade, potent oral antiplatelet agents have emerged, [START_REF] Wiviott | Prasugrel versus clopidogrel in patients with acute coronary syndromes[END_REF][START_REF] Wallentin | Ticagrelor versus clopidogrel in patients with acute coronary syndromes[END_REF] leading to a decrease in adverse ischemic events after PCI, including stent thrombosis (ST) and myocardial infarction (MI). [START_REF] Steg | Stent Thrombosis With Ticagrelor Versus Clopidogrel in Patients With Acute Coronary Syndromes: An Analysis From the Prospective, Randomized PLATO Trial[END_REF][START_REF] Wiviott | Intensive oral antiplatelet therapy for reduction of ischaemic events including stent thrombosis in patients with acute coronary syndromes treated with percutaneous coronary intervention and stenting in the TRITON-TIMI 38 trial: a subanalysis of a randomised trial[END_REF] However, these drugs have limitations, including delayed onset of action due to the need for gastrointestinal absorption and in some cases the need for prodrug conversion to an active metabolite, and thus, may not be suitable for every situation. Conversely, intravenous glycoprotein IIb/IIIa inhibitors (GPI) are immediately effective and have previously shown efficacy in reducing the risk of periprocedural ischemic events. [START_REF] Montalescot | Early vs late administration of glycoprotein IIb/IIIa inhibitors in primary percutaneous coronary intervention of acute ST-segment elevation myocardial infarction: a meta-analysis[END_REF][START_REF] Montalescot | Abciximab before Direct Angioplasty and Stenting in Myocardial Infarction Regarding Acute and Long-Term Follow-up. Platelet glycoprotein IIb/IIIa inhibition with coronary stenting for acute myocardial infarction[END_REF][START_REF] Giugliano | Early versus delayed, provisional eptifibatide in acute coronary syndromes[END_REF][START_REF] Stone | Heparin plus a glycoprotein IIb/IIIa inhibitor versus bivalirudin monotherapy and paclitaxel-eluting stents versus bare-metal stents in acute myocardial infarction (HORIZONS-AMI): final 3-year results from a multicentre, randomised controlled trial[END_REF][START_REF] De Luca | Meta-analysis of randomized trials of glycoprotein IIb/IIIa inhibitors in high-risk acute coronary syndromes patients undergoing invasive strategy[END_REF] However, concerns over high bleeding risk and cost have led to a steady decline in GPI use.

Current European and US guidelines recommend that GPI be limited to bailout use for thrombotic procedural complications such as slow flow, no reflow, or angiographic evidence of a large thrombus. These recommendations (recommendation class IIa; level of evidence C) are based on expert consensus, given that only limited trial data are available regarding bailout use of GPI. [START_REF] Steg | ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation: The Task Force on the management of ST-segment elevation acute myocardial infarction of the European Society of Cardiology (ESC)[END_REF][START_REF] Antman | Focused Update of the ACC/AHA 2004 Guidelines for the Management of Patients With ST-Elevation Myocardial Infarction: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines: developed in collaboration With the Canadian Cardiovascular Society endorsed by the American Academy of Family Physicians: 2007 Writing Group to Review New Evidence and Update the ACC/AHA 2004 Guidelines for the Management of Patients With ST-Elevation Myocardial Infarction, Writing on Behalf of the 2004 Writing Committee[END_REF] In the Cangrelor versus Standard Therapy to Achieve Optimal Management of Platelet Inhibition (CHAMPION) PHOENIX trial [START_REF] Bhatt | Effect of platelet inhibition with cangrelor during PCI on ischemic events[END_REF][START_REF] Steg | Effect of cangrelor on periprocedural outcomes in percutaneous coronary interventions: a pooled analysis of patient-level data[END_REF] comparing cangrelor with clopidogrel in the setting of PCI, the use of GPI was limited to bailout therapy. In this contemporary PCI population, we sought to determine the patient characteristics, short term clinical outcomes, and independent correlates associated with bailout GPI use.

METHODS

Study Design:

The design of CHAMPION PHOENIX and the primary trial results have been published previously. [START_REF] Bhatt | Effect of platelet inhibition with cangrelor during PCI on ischemic events[END_REF][START_REF] Leonardi | Rationale and design of the Cangrelor versus standard therapy to acHieve optimal Management of Platelet InhibitiON PHOENIX trial[END_REF] In this double-blinded trial, 11,145 patients were randomized to either cangrelor bolus and infusion or a loading dose of clopidogrel (600 mg or 300 mg at the start or at the end of the procedure, both dose and timing at the discretion of the physician) in the setting of PCI for stable angina or acute coronary syndromes (ACS). A total of 10,942 patients received the study drug and underwent PCI, representing the prespecified modified intention to treat population (mITT) used for analysis. The study protocol prespecified the use of GPI for bailout only for procedural thrombotic complications that included intracoronary large thrombus, slow flow, no reflow, side branch compromise, dissection, or distal embolization. For the purposes of the present analysis, we defined all patients receiving GPI as bailout use, regardless of whether the case report form was marked as bailout use or not.

Study patients:

Patients 18 years or older undergoing PCI either for stable angina or for ACS (myocardial infarction with or without ST-segment elevation) and who had not received pretreatment with P2Y12 inhibitors were eligible for enrolment. Written informed consent was required for trial participation. The main exclusion criteria were pregnancy or treatment with antithrombotic agents likely to interfere with the study drug such as P2Y 12 antagonists, abciximab within 7 days prior to randomization, eptifibatide, tirofiban, or fibrinolytic therapy within the prior 12 hours.

Study treatments:

Randomization was performed via an interactive voice response system (IVRS) in a double-dummy, double-blind manner, after angiography but prior to PCI.

Randomization was stratified according to site, patient presentation (STEMI /NSTE-ACS / Stable angina), and planned clopidogrel loading dose (300 mg or 600 mg). Patients were then treated with either a cangrelor infusion (4 μg/kg/min after a 30 μg/kg bolus) for a minimum of 2 hours or for the duration of the procedure length if the latter exceeded 2 hours or a corresponding placebo. In addition, depending on whether the investigator chose to load clopidogrel at the start or the end of the procedure, they received a kit of capsules containing clopidogrel or a placebo. Periprocedural anticoagulant (unfractionated heparin, bivalirudin, low molecular weight heparin, or fondaparinux) use was at the investigator's discretion.

Outcomes: Ischemic outcomes included all-cause mortality, myocardial infarction (MI), ischemia driven revascularization (IDR), or stent thrombosis (ST). They were combined in a primary composite ischemic outcome analyzed at 48 hours post PCI. Safety outcomes included Global Use of Strategies to Open Occluded Coronary Arteries (GUSTO) severe and moderate bleeding at 48 hours; bleeding was also categorized according to the Thrombolysis in Myocardial Infarction (TIMI) and Acute Catheterization and Urgent Intervention Triage (ACUITY) bleeding scales. Both ischemic and hemorrhagic outcomes were analyzed at 48 hours, while ischemic outcomes were also assessed at 30 days. All ischemic outcomes were adjudicated by the Duke Clinical Research Institute (DCRI) Clinical Events Committee (CEC), while safety outcomes were site-reported and not centrally adjudicated [START_REF] Jatene | Investigator-Reported Bleeding Versus Post Hoc Adjudication of Bleeding: Lessons From the CHAMPION PHOENIX Trial[END_REF] . Detailed outcome definitions have been previously published. [START_REF] Bhatt | Effect of platelet inhibition with cangrelor during PCI on ischemic events[END_REF] Statistical analyses: All the patients from the CHAMPION PHOENIX trial were included in this analysis. Baseline characteristics, ischemic and hemorrhagic outcomes were compared between patients who did or did not receive GPI. Continuous variables are summarized as medians and quartiles, or as means ± SD, as appropriate, and were compared using Student's t-test or Wilcoxon rank sum test accordingly. Categorical variables were presented as rate (%) and compared by the chi-square or Fisher's exact test as appropriate. In addition, a multivariable model including the above-mentioned variables was constructed to identify independent correlates associated with the need for bailout GPI. Regarding outcomes, given the protocol requirement that GPI use be restricted to bailout settings, substantial imbalance between groups in terms of clinical and procedural characteristics was anticipated. Accordingly, adjustment for such imbalance was performed through propensity-score adjustment of patients receiving versus patients not receiving GPI therapy using baseline demographic and procedural variables. (Propensity score based on treatment (cangrelor or clopidogrel), age>=75 years/old, race (white/non-white), IVRS patient type according to clinical presentation (STEMI / NSTE-ACS / Stable angina), region (US/non-US), baseline cardiac marker status, diabetes mellitus, current smoking, hypertension, hyperlipidemia, stroke/TIA, prior MI, prior PCI, previous CABG, use of heparin or bivalirudin before or during the procedure, sex, DES/BMS, vessel disease (single/multi), weight, PCI duration).

All summaries and statistical analyses were performed using SAS® version 9.3 (Cary, NC).

RESULTS

Baseline characteristics

Among 11,145 patients randomized in the trial, 10,942 patients received study drug and underwent PCI, thereby comprising the mITT population, which was prespecified as the population for the primary analysis of the trial. The frequency of bailout GPI use was 3.5% (380/10,942). Demographic characteristics and other baseline factors for the bailout GPI and no-GPI groups are presented in Table 1. As expected, the groups differed widely in terms of baseline characteristics with GPI patients being younger, more frequently male, and more frequently presenting with an ACS. Procedural characteristics presented in Table 1 also demonstrated differences between the two groups with patients receiving bailout GPI being more likely to receive a drug-eluting stent and to be less frequently treated with bivalirudin.

Indications for GPI prescription are detailed in supplementary data.

Multivariable analysis

Multivariable analysis identified several independent correlates of the risk of bailout GPI use (Table 2). The main correlate was ST-segment elevation MI (STEMI) presentation (adjusted OR (95% CI): 4.97 [3.76; 6.57], p <0.0001). Other correlates were geographic region (with a higher rate of GPI use in the US) and procedural characteristics (use of heparin, use of drugeluting stents, and longer PCI duration). Conversely stable angina was correlated with a lower rate of bailout use of GPI, as was hypertension, use of bivalirudin, and randomization to cangrelor.

Ischemic Outcomes at 48 hours

The risk for the primary composite efficacy outcome was much higher in patients requiring bailout use of GPI compared with patients who did not require GPI, even after adjustment for baseline and procedural differences: 19 

Bleeding outcomes at 48 hours

The rate of bleeding was low overall, regardless of the definition used or of whether patients were treated with cangrelor or placebo. Rates of the safety outcome of GUSTO severe or moderate bleeding were higher in the GPI group (unadjusted: 2.6% vs 0.4% OR: 7.15 (3.55, 14.40), and after adjustment OR: 4.90 (1.98, 12.18), p=0.0006), mostly driven by a higher risk of GUSTO moderate bleeding. The rates of TIMI major bleeding and transfusion were also higher in this group (Figure 2).

Outcomes at 30 days

At 30 days, results were consistent with those observed at 48 hours: there was a higher rate of ischemic outcomes in the group of patients requiring bailout GPI both for the primary efficacy outcome (unadjusted rates: 21.6% vs 5.9%, OR (95% CI): 4.37 [3.38; 5.66 

DISCUSSION

This analysis provides new data about bailout GPI use during PCI. The available evidence on the benefit/risk profile of GPI and the international guideline recommendations 10 reflect mostly the randomized controlled trials that investigated routine GPI use during PCI. To our knowledge, this is the largest single cohort reporting the characteristics and outcomes of patients requiring bailout GPI.

The first key finding pertains to the population: patients treated with bailout GPI were very different from the rest of the population. We speculate that the higher proportion of younger male patients may reflect the intent by investigators to target the subsets of patients with lower risk of bleeding who would be more likely to tolerate GPI, as reported in earlier trials. [START_REF] Montalescot | Abciximab before Direct Angioplasty and Stenting in Myocardial Infarction Regarding Acute and Long-Term Follow-up. Platelet glycoprotein IIb/IIIa inhibition with coronary stenting for acute myocardial infarction[END_REF][START_REF] Stone | Heparin plus a glycoprotein IIb/IIIa inhibitor versus bivalirudin monotherapy and paclitaxel-eluting stents versus bare-metal stents in acute myocardial infarction (HORIZONS-AMI): final 3-year results from a multicentre, randomised controlled trial[END_REF] The higher frequency of GPI use in STEMI patients may be related to the associated high thrombotic burden and the increased risk for procedural thrombotic complications in these patients (16). An additional rationale for the high rates of GPI use in STEMI is related to the inherent limitation of oral agents to provide a rapid antiplatelet effect. [START_REF] Alexopoulos | Early P2Y12 inhibition in STsegment elevation myocardial infarction: Bridging the gap[END_REF] A second observation pertains to the major differences in procedural characteristics between patients receiving or not receiving bailout GPI. In aggregate, patients receiving bailout GPI underwent more complex PCI procedures as evident by higher frequency of multivessel disease, a greater number of stents used during the PCI, as well as more frequent bifurcation target lesions and more frequent targeting of left main disease.

Accordingly, procedural duration, a natural surrogate for procedural complexity, was also longer among patients receiving bailout GPI.

Bailout GPI use was less frequent among patients treated with bivalirudin. However, given differing utilization patterns of bivalirudin and GPI among US and non-US patients, residual confounding may also be at play. [START_REF] Vaduganathan | Variation in Patient Profiles and Outcomes in US and Non-US Subgroups of the Cangrelor Versus Standard Therapy to Achieve Optimal Management of Platelet Inhibition (CHAMPION) PHOENIX Trial[END_REF] Likewise, the association between drug eluting stent use and bailout GPI therapy may be in part confounded.

In the present analysis, bailout GPI was associated with higher rates of ischemic and bleeding events at 48 hours reflecting the fact that the main trigger for use of bailout GPI is the occurrence of thrombotic complications, making it impossible to discern whether the poor outcomes were the result of the use of bailout GPI or reflective of the underlying complicated clinical course of the PCI procedure. Since no comparison with a control group was made, this analysis does not suggest GPI to be useless but rather that their use is unable to sufficiently lower the excess of risk carried by procedural PCI complications. Consistent with our observations, a higher rate of adverse events rate has been observed in patients receiving bailout GPI compared to planned GPI in the ONTIME-2 trial, [START_REF] Hermanides | High-dose tirofiban pretreatment reduces the need for bail-out study medication in patients with ST-segment elevation myocardial infarction: results of a subgroup analysis of the On-TIME 2 trial[END_REF] suggesting that once a thrombotic complication has occurred, it may be difficult to modify the clinical outcome through a bailout strategy.

Thus, these data support the need to test alternative strategies to bailout use once

thrombotic complications have occurred. The use of potent parenteral antiplatelet agents may be important in the STEMI setting whereas the onset of efficacy of oral agents may be delayed [START_REF] Parodi | Comparison of prasugrel and ticagrelor loading doses in ST-segment elevation myocardial infarction patients: RAPID (Rapid Activity of Platelet Inhibitor Drugs) primary PCI study[END_REF] .

In the CHAMPION PHOENIX trial, cangrelor reduced ischemic events [START_REF] Bhatt | Effect of platelet inhibition with cangrelor during PCI on ischemic events[END_REF][START_REF] Steg | Effect of cangrelor on periprocedural outcomes in percutaneous coronary interventions: a pooled analysis of patient-level data[END_REF] and reduced the need for bailout GPI. A recent pooled analysis of the 3 CHAMPION trials showed that the efficacy of cangrelor in reducing periprocedural PCI complications was consistent regardless of the use of GPI. [START_REF] Harrington | Platelet inhibition with cangrelor in patients undergoing PCI[END_REF][START_REF] Bhatt | Intravenous platelet blockade with cangrelor during PCI[END_REF][START_REF] Vaduganathan | Cangrelor With and Without Glycoprotein IIb/IIIa Inhibitors in Patients Undergoing Percutaneous Coronary Intervention[END_REF] This has important clinical implications: since most of the factors associated with the requirement for bailout GPI are non-modifiable, use of cangrelor is a strategy to reduce the need for bailout GPI. Indeed, in a meta-analysis of the three CHAMPION trials, cangrelor reduced the requirement for bailout/rescue GPIs compared with clopidogrel (2.6% vs. 3.4%; p < 0.001), whereas the proportion of patients receiving routine GPIs was not affected by the use of cangrelor (9.8% vs. 9.7%; p = 0.96). In addition, in another pooled analysis of CHAMPION trials, patients receiving cangrelor alone displayed an equivalent ischemic risk but a lower bleeding risk than those receiving clopidogrel and routine GPI. Cangrelor is a safe option for limiting GPI bailout but is also a safe option for replacing routine GPI use. [START_REF] Vaduganathan | Evaluation of Ischemic and Bleeding Risks Associated With 2 Parenteral Antiplatelet Strategies Comparing Cangrelor With Glycoprotein IIb/IIIa Inhibitors: An Exploratory Analysis From the CHAMPION Trials[END_REF] In TRITON TIMI 38 [START_REF] O'donoghue | The efficacy and safety of prasugrel with and without a glycoprotein IIb/IIIa inhibitor in patients with acute coronary syndromes undergoing percutaneous intervention: a TRITON-TIMI 38 (Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition With Prasugrel-Thrombolysis In Myocardial Infarction 38) analysis[END_REF] and in PLATO, [START_REF] Steg | Ticagrelor versus clopidogrel in patients with STelevation acute coronary syndromes intended for reperfusion with primary percutaneous coronary intervention: A Platelet Inhibition and Patient Outcomes (PLATO) trial subgroup analysis[END_REF] STEMI patients treated by prasugrel or ticagrelor tend to experience less use of GPI bail-out therapy compared with clopidogrel-treated patients. This difference was not statistically significant, perhaps due to low rates of bailout GPI, however, these data support the idea that potent P2Y 12 inhibition, by improving periprocedural safety and efficacy, may reduce the need for GPI, without worsening clinical outcome in case of needed bailout therapy.

LIMITATIONS

The present analysis has certain limitations. This is a post hoc secondary subset analyses from a large study designed for other scientific purposes, and therefore it has the limitations inherent to post hoc analyses. Second, the analysis of ischemic outcomes of patients treated by GPI is confounded, their use being per protocol triggered by the advent of an ischemic complication. However, reduction in bailout GPI use with cangrelor versus clopidogrel was present in the analysis of the randomized trial data. Then, in the propensity-score adjustment, information regarding thrombus burden might have been useful but was not available. Finally, the data presented are purely observational and no comparison with a control group was made in the setting of PCI complications.

CONCLUSION

In conclusion, in CHAMPION PHOENIX, patients experiencing periprocedural complications during PCI requiring bailout use of GPI were younger, more frequently male, and more likely to present with ST segment elevation myocardial infarction. They had higher rates of both ischemic and bleeding events. The need for bail-out GPI explains the association with higher ischemic rates, and the use of GPI explains the association with higher bleeding rates. These observations emphasize the need to prevent rather than have to treat the periprocedural complications of PCI.
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  ] and adjusted OR (95% CI): 4.72[3.47; 6.42] p <0.0001 ) as well as the individual components including ST (10.8% vs 1.3%, OR (95% CI): 9.39 [6.51; 13.5] and adjusted OR (95% CI): 9.06 [5.74; 14.3] p <0.0001 ) and MI (11.8% vs 4.3%, OR (95% CI): 3.0 [2.17; 4.15] and adjusted OR (95% CI): 5.45 [3.73; 7.96] p <0.0001) (
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