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Abstract

According to the ESC guidelines, cangrelor may be considered in P2Y12-inhibitor-naive
acute coronary syndrome (ACS) patients undergoing percutaneous coronary intervention
(PCI). The aim of this review is to summarize available evidence on the optimal maintenance
therapy with P2Y12 receptor inhibitor after cangrelor. Transitioning from cangrelor to a
thienopyridine, but not ticagrelor, can be associated with a drug-drug interaction (DDI);
therefore, a ticagrelor loading dose (LD) can be given any time before, during, or at the end of
a cangrelor infusion, while a LD of clopidogrel or prasugrel should be administered at the
time the infusion of cangrelor ends or within 30 minutes before the end of infusion in the case
of a LD of prasugrel. Administration of any oral antiplatelet agent at the end of a cangrelor
infusion will also result in a transient period of increased platelet reactivity. The inter-
individual variability of this period is difficult to predict because it depends on many factors
related to the patient and the treatment. In addition, experimental studies indicate that
cangrelor may exert a cardioprotective effect beyond the blockade of platelet aggregation.
Considering the available data, the potential use of cangrelor in ACS patients goes well
beyond the current indications. Furthermore, we believe that it might be prudent to avoid use
of thienopyridines during and soon after a cangrelor infusion until conclusive data on the

effect of the DDI on the clinical outcome are available. On the other hand, ticagrelor seems to
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be an optimal oral agent for continuation of P2Y12 inhibition in patients receiving cangrelor

infusion.
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Introduction

The optimal treatment of patients with acute coronary syndrome (ACS) should be focused on
myocardial salvage by prompt restoration of myocardial perfusion, cardioprotection
preventing reperfusion injury, and prevention of infarct-related artery re-occlusion due to a
thrombotic event [1, 2]. The potent oral P2Y12 receptor inhibitors, prasugrel and ticagrelor,
provide significant reduction of thrombotic events in ACS patients when compared with
clopidogrel, and are therefore recommended as the first-line therapy in this subset of patients
[1-7]. However, even prasugrel and ticagrelor may fail to achieve adequate platelet inhibition
in ACS patients undergoing immediate invasive treatment. The onset of action of oral P2Y 12
receptor inhibitors is substantially delayed in patients diagnosed with ST-segment elevation
myocardial infarction (STEMI) [8, 9], especially in those who are critically ill [10-12],
including patients undergoing targeted temperature management [13—17], or if morphine is
used [18-22]. All such cases result in inadequate platelet inhibition during primary
percutaneous coronary intervention (PCI), when the antiplatelet effect is most desired. In
contrast to commonly used oral P2Y12 receptor inhibitors with delayed onset and offset of
action, the favorable properties of intravenous P2Y 12 receptor inhibitor cangrelor make it a
desirable agent in the setting of high-risk ACS. Cangrelor is a potent, quickly reversible,
direct-acting P2Y 12 receptor antagonist with a linear and dose-dependent pharmacokinetic

profile with predictable plasma levels, reaching optimal platelet inhibition within minutes



after the start of infusion. It is rapidly metabolized through dephosphorylation by an
endonucleotidase located on the surface of vascular endothelial cells, with an elimination half-
life of 2.9 to 5.5 minutes [23-26]. Platelet function recovers within 60-90 minutes after
termination of cangrelor infusion [27-29]. These unique properties of rapid onset and offset of
antiplatelet effect make cangrelor an attractive therapeutic option complementary to available
oral antiaggregatory agents. The aim of this review is to discuss available evidence on the
optimal maintenance therapy with P2Y12 receptor inhibitor after cangrelor in patients with

ACS.

The current place of cangrelor in the treatment of ACS patients

According to the ESC guidelines cangrelor may be considered in P2Y12 inhibitor-naive
patients undergoing PCI in STEMI and non-ST-elevation ACS (class IIb recommendation) or
in those who are considered unable to absorb oral agents [1, 2]. Cangrelor should be
administered in a bolus of 30 mcg/kg i.v. followed by 4 mcg/kg/min infusion for at least 2
hours or the duration of the procedure (whichever is longer) [2].

The European Medicines Agency approved the use of cangrelor in patients undergoing PCI
who did not receive another P2Y 12 receptor inhibitor before the procedure and in subjects in
whom oral P2Y 12 inhibitor therapy is not feasible or desirable [31].

In the latest ACC/AHA/SCAI Guidelines for Coronary Artery Revascularization, cangrelor is
recommended for patients undergoing PCI, who are naive to oral P2Y 12 receptor inhibitors,
to reduce periprocedural ischemic events (class 2B recommendation with level of evidence B-
R) [32].

The Food and Drug Administration approved cangrelor in the United States as an adjunct to

PCI to reduce the risk of stent thrombosis, periprocedural myocardial infarction, and repeated



revascularization in patients not pre-treated with an oral P2Y12 inhibitor and without
indication to receive glycoprotein IIb/IlIa inhibitors [33].

The timing of administration of oral P2Y12 inhibitors in patients receiving an infusion of
cangrelor at the time of PCI should be drug specific (Central Illustration). According to the
ESC guidelines in the transition from cangrelor to a thienopyridine, the thienopyridine should
be administered immediately after discontinuation of cangrelor with a loading dose (LD)
(clopidogrel 600 mg or prasugrel 60 mg); to avoid a potential drug-drug interaction (DDI),
prasugrel may also be administered 30 min before the cangrelor infusion is stopped.
Ticagrelor (LD 180 mg) should be administered at the time of PCI to minimize the potential

gap in platelet inhibition during the transition phase [2].

The potential of cangrelor in the treatment of ACS patients

The results of the ATLANTIC trial provided good evidence for the clinical benefits associated
with early inhibition of P2Y12 platelet receptors [35]. The study conducted in 1862 patients
with STEMI failed to show superiority of early, pre-hospital administration of ticagrelor LD
versus later administration in the catheterization laboratory, with regard to the co-primary end
points defined as the proportion of patients who did not have 70% or greater resolution of ST-
segment elevation before PCI and the proportion of patients who did not meet the criteria for
thrombolysis in myocardial infarction (TIMI) flow grade 3 in the infarct-related artery at
angiography before PCI. The lack of benefit of the tested strategy of earlier ticagrelor
administration was suggested to have resulted from a relatively small time difference of 31
minutes between the prehospital vs. in-hospital administration. Moreover, as many as 50% of
the study participants received morphine, which may have further influenced the outcome of
the study. In fact, a subgroup analysis revealed superiority of the tested strategy, as far as the

primary endpoint was concerned, only in patients who had not received morphine [35].



Additionally, administration of morphine has been reported in the past to be associated with
delayed onset of action of ticagrelor [36] and increased use of glycoprotein IIb/IIla inhibitors
[37].

P2Y12 receptor inhibition with cangrelor has the potential to produce even better results
because it has an earlier, more potent effect, overcoming the impact of delayed and decreased
absorption seen with oral P2Y12 inhibitors in patients with STEMI, in cardiogenic shock, in
those receiving morphine or undergoing mild therapeutic hypothermia [8, 9, 11, 13, 14, 17,
18, 38, 39]. Sufficient platelet inhibition may also be uncertain in patients with nausea or
vomiting, or in those who are unable to swallow or promptly absorb orally administered
P2Y12 receptor inhibitors, i.e., patients who are sedated and/or intubated. In contrast,
cangrelor produces rapid, effective, and predictable platelet inhibition in these subgroups of
patients [25, 26, 29].

In addition, experimental studies indicate that cangrelor may exert a cardioprotective effect
beyond the blockade of platelet aggregation [40, 41]. This effect appears to be related to the
same signal transduction pathway involved in pre- and post-conditioning. Administration of
cangrelor shortly before reperfusion in rabbits reduced infarct size by approximately 50%
[40]. Cangrelor-related myocardial salvage was dose dependent and correlated with the
degree of inhibition of platelet aggregation. Cardioprotection was absent when cangrelor was
used in crystalloid-perfused isolated hearts, indicating the involvement of an undefined
whole-blood component in this process. This myocardium saving effect against reperfusion
injury may be a class effect and hence common for all P2Y12 inhibitors. However, with
cangrelor the protective effect develops within a short time — typically required in the target
population of patients with myocardial infarction and occluded infarct-related artery [41, 42].

To date, these experimental findings have never been tested in a clinical trial.



Interactions of cangrelor with oral inhibitors of P2Y12 receptor

Cangrelor rapidly disappears from the plasma after termination of infusion due to its very
short half-life. Furthermore, because of its reversible binding, the drug dissociates from the
P2Y12 receptors, making them available for binding with clopidogrel active metabolite [26,
29]. To continue P2Y12 inhibition after a PCI, it is necessary to transition to an oral agent in
the immediate post-procedure period. However, transitioning from cangrelor to a
thienopyridine (clopidogrel and prasugrel), but not ticagrelor, can be associated with a DDI
[43-51].

Steinhubl et al. [46] showed that cangrelor and clopidogrel administered alone in healthy
volunteers produce the expected level of platelet inhibition. The anticipated effect of
clopidogrel treatment did not occur when cangrelor was initiated simultaneously. Such an
effect was not found when clopidogrel was started upon completion of the cangrelor infusion.
However, a transient recovery of platelet reactivity was observed as the inhibitory effect of
cangrelor disappeared, followed by further inhibition as the clopidogrel was metabolized to its
active form [46]. The in vitro experiments reported by Dovlatova et al. provided a mechanistic
explanation for these findings and showed the possibility of a parallel scenario arising when
prasugrel is used in the place of clopidogrel [47]. They confirmed the interaction between
cangrelor and both thienopyridines, limiting the antiplatelet effect of clopidogrel and
prasugrel to a degree dependent on the concentration of cangrelor. Presumably, occupation of
the platelet P2Y 12 receptors by cangrelor prevents the covalent binding of the clopidogrel or
prasugrel metabolite. Therefore, due to the relatively short half-life of the active metabolites
of clopidogrel and prasugrel, administration of thienopyridines at high concentrations of
cangrelor precludes irreversible blocking of P2Y12 receptors, and the full effect of oral
therapy may not be achieved until the subsequent administration of the second dose of the

drug [47-50]. On the other hand, administration of any oral antiplatelet agent at the end of



cangrelor infusion will also result in a transient period of increased platelet reactivity. The
inter-individual variability of this period is very difficult to predict because it depends on
many factors related to the patient and treatment.

In contrast to thienopyridines, a lack of interaction between cangrelor and ticagrelor reported
in several studies [44, 53, 54] is to be expected because the mechanism of action of these
reversible P2Y12 receptor inhibitors is similar. Therefore, the LD of ticagrelor should be
administered at the initiation of cangrelor infusion or even before. As a result, when the
cangrelor infusion is stopped and the drug is rapidly cleared from the circulation, ticagrelor
can bind to the P2Y12 receptors. During the transition period, the platelet reactivity should
reflect current plasma concentrations of both these agents [53].

These findings may be clinically relevant, but much more data are required to validate our
limited knowledge of the transition from intravenous to oral inhibitor of P2Y 12 receptor [45—

47, 51-55].

Summary

Considering the available data, the potential use of cangrelor in ACS patients goes far beyond
the current indications. Furthermore, we believe that it might be prudent to avoid use of
thienopyridines during and soon after a cangrelor infusion until conclusive data on the effect
of the DDI on clinical outcome are available. On the other hand, ticagrelor seems to be an
optimal oral agent for continuation of P2Y12 inhibition in patients receiving a cangrelor

infusion.
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