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Ticagrelor — Is There Need for a New Player
in the Antiplatelet-Therapy Field?
Albert Schömig, M.D.
The thienopyridine clopidogrel, which irreversibly blocks the adenosine diphosphate (ADP) receptor P2Y12 on platelets, has become an essential component of therapy in patients with acute
coronary syndromes, because it significantly improves the outcomes.1 However, clopidogrel has
at least three drawbacks: delayed onset of action,
large interindividual variability in platelet response, and irreversibility of its inhibitory effect
on platelets (Fig. 1). The two-step activation process, involving a series of cytochrome P-450 (CYP)
isoenzymes, is susceptible to the interference of
genetic polymorphisms2 and drug–drug interactions.3 Patients with a poor response to clopidogrel have an increased risk of coronary thrombosis.4 The increased risk of bleeding due to
prolonged persistence of the clopidogrel effect is
of concern when patients need nondeferrable
surgery such as urgent coronary-artery bypass
grafting (CABG).
Prasugrel is a newer thienopyridine that also
irreversibly binds to P2Y12. It has a more rapid
onset of action and a stronger inhibitory effect
than clopidogrel.5 As compared with clopidogrel, prasugrel shows lower variability in platelet response6 and no measurable vulnerability to
genetic variation in CYP isoenzymes (Fig. 1).7
However, the limitation of the irreversibility of
the thienopyridine effect is even more evident
with prasugrel than with clopidogrel. In the
Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition with
Prasugrel–Thrombolysis in Myocardial Infarction
(TRITON–TIMI) 38, there was a significant increase in the risk of CABG-related bleeding with
prasugrel.8
Ticagrelor is an orally active drug that binds

reversibly to P2Y12 (Fig. 1), with a stronger and
more rapid antiplatelet effect than clopidogrel.
In this issue of the Journal, Wallentin et al. report
on the results of the Study of Platelet Inhibition
and Patient Outcomes (PLATO), comparing tica
grelor with clopidogrel.9 As compared with clopidogrel, ticagrelor was associated with a 16%
relative risk reduction with regard to the primary end point — a composite of death from
cardiovascular causes, myocardial infarction, and
stroke — but no significant increase in the overall risk of major bleeding.
PLATO is the third randomized trial evaluating
novel antagonists of platelet ADP receptors in
patients with acute coronary syndromes, following
the Clopidogrel in Unstable Angina to Prevent Recurrent Events (CURE) trial and TRITON–TIMI 38
(Table 1).1,8 Two striking differences among the
outcomes of these three trials deserve special
consideration (Table 1). First, in both the CURE
trial and TRITON–TIMI 38, stronger platelet inhibition was associated with an increased risk
of bleeding, whereas in PLATO, the risk of major
bleeding was not increased with ticagrelor. As
compared with clopidogrel, ticagrelor was associated with more frequent non–CABG-related bleeding, but it was safer than clopidogrel in patients
undergoing CABG. This result highlights the important advantage of reversibility in the mechanism of action of ticagrelor.
Second, neither the CURE study nor TRITON–
TIMI 38 showed a significant reduction in the
mortality rate in association with stronger platelet inhibition. In PLATO, the rates of death from
any cause were 4.5% with ticagrelor and 5.9%
with clopidogrel, with a significant relative risk
reduction (22%). This finding may simply reflect
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Figure 1. Biotransformation and Mode of Action of Clopidogrel, Prasugrel, and Ticagrelor.
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the play of chance, because the trial was not
powered to detect differences in the mortality
rate. However, since the mortality rate in patients
treated with antiplatelet drugs is determined by
the risks of both ischemia and bleeding, ticagrelor may reduce the mortality rate by reducing the
risk of death from ischemia without increasing
the risk of death from bleeding. This hypothesis
needs to be addressed in future investigations.
Third, new side effects, not seen with clopidogrel or prasugrel, were seen with the use of ticagrelor. These include dyspnea, bradyarrhythmia,
and increased serum levels of uric acid and creatinine. Although they do not seem to have put
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higher risk of hemorrhagic stroke with ticagrelor than with clopidogrel, which becomes significant if cases of stroke classified as being of
unknown origin are also counted as hemorrhagic strokes.
Although PLATO was thoughtfully designed
and conducted, it did have some limitations. In
my opinion, the trial would have been stronger if
the study drug had been administered for least
1 year, if clopidogrel loading (preferably in a
600-mg dose) had been used for all patients in
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* The CURE (Clopidogrel in Unstable Angina to Prevent Recurrent Events) trial1 included patients who had acute coronary syndromes without ST-segment elevation; both PLATO
(Study of Platelet Inhibition and Patient Outcomes)9 and TRITON–TIMI 38 (Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition with Prasugrel–
Thrombolysis in Myocardial Infarction 38)8 included patients who had acute coronary syndromes with or without ST-segment elevation.
† TRITON–TIMI 38 counted only nonfatal myocardial infarction and nonfatal stroke.
‡ Death from cardiovascular causes, myocardial infarction, or stroke was the primary end point in all three studies.
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the clopidogrel group irrespective of whether they
had been treated previously with clopidogrel, and
if proton-pump inhibitors had been used less
frequently after randomization (to reduce any
potentially negative interference with clopidogrel
efficacy).
The availability of three agents for antagonizing platelet ADP receptors may make it possible
to individualize antiplatelet therapy. In particular,
ticagrelor therapy may be preferred in patients
whose coronary anatomy is unknown and for
whom a CABG procedure is deemed probable. If
patients who are receiving clopidogrel or prasugrel need elective surgery, it is reasonable to
switch them to ticagrelor 5 to 7 days before surgery. Avoidance of the use of prasugrel in patients
with a history of stroke or transient ischemic attacks has been advised.10 It seems prudent to
apply the same advice to ticagrelor. The use of
prasugrel has been discouraged in patients with
an excessively high risk of bleeding.10 It might
also be prudent to avoid the use of ticagrelor in
patients with a high bleeding risk (presumably
those with multiple risk factors). Ticagrelor therapy should be discouraged in patients who have
chronic obstructive pulmonary disease, hyperuricemia, moderate or severe renal failure, brady
arrhythmias unprotected by pacemakers, a history of syncope, or a need for treatment with an
ADP-receptor antagonist for more than 1 year.
We should further recognize that the rapidly reversible effect of ticagrelor makes careful surveillance of patients’ compliance with the drug
mandatory. For all remaining patients with
acute coronary syndromes, either ticagrelor or
prasugrel may be preferred, at least until data
from studies specifically comparing these two
agents become available.
The whole story concerning the adverse effects
of ticagrelor may require evaluation in a much
larger number of patients, something that may
be beyond the capacity of a randomized trial.
We should carefully monitor patients receiving
this drug to establish the overall impact of its
side effects. Finally, efforts to develop new effective and safe antithrombotic drug regimens should
not be discouraged by the perception that an increase in antithrombotic efficacy is necessarily
associated with a higher risk of bleeding.

Table 1. Risks Associated with Platelet Adenosine Diphosphate–Receptor Antagonists in Patients with Acute Coronary Syndromes, According to Trial.*

editorial

nejm.org

Downloaded from www.nejm.org on September 2, 2009 . For personal use only. No other uses without permission.
Copyright © 2009 Massachusetts Medical Society. All rights reserved.

3

The

n e w e ng l a n d j o u r na l

From the Department of Cardiology, Deutsches Herzzentrum and
First Medizinische Klinik rechts der Isar, Munich, Germany.
This article (10.1056/NEJMe0906549) was published on August 30,
2009, at NEJM.org.
1. 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. [Errata, N Engl J Med 2001;345:1506,
1716.]
2. Mega JL, Close SL, Wiviott SD, et al. Cytochrome P-450 polymorphisms and response to clopidogrel. N Engl J Med 2009;
360:354-62.
3. Gilard M, Arnaud B, Cornily JC, et al. Influence of omeprazole on the antiplatelet action of clopidogrel associated with
aspirin: the randomized, double-blind OCLA (Omeprazole CLopidogrel Aspirin) study. J Am Coll Cardiol 2008;51:256-60.
4. Sibbing D, Braun S, Morath T, et al. Platelet reactivity after
clopidogrel treatment assessed with point-of-care analysis and
early drug-eluting stent thrombosis. J Am Coll Cardiol 2009;
53:849-56.
5. Wallentin L, Varenhorst C, James S, et al. Prasugrel achieves

4

of

m e dic i n e

greater and faster P2Y12receptor-mediated platelet inhibition
than clopidogrel due to more efficient generation of its active
metabolite in aspirin-treated patients with coronary artery disease. Eur Heart J 2008;29:21-30.
6. Wiviott SD, Trenk D, Frelinger AL, et al. Prasugrel compared
with high loading- and maintenance-dose clopidogrel in patients with planned percutaneous coronary intervention: the
Prasugrel in Comparison to Clopidogrel for Inhibition of Platelet
Activation and Aggregation-Thrombolysis in Myocardial Infarction 44 trial. Circulation 2007;116:2923-32.
7. Mega JL, Close SL, Wiviott SD, et al. Cytochrome P450 genetic polymorphisms and the response to prasugrel: relationship to pharmacokinetic, pharmacodynamic, and clinical outcomes. Circulation 2009;119:2553-60.
8. Wiviott SD, Braunwald E, McCabe CH, et al. Prasugrel versus
clopidogrel in patients with acute coronary syndromes. N Engl J
Med 2007;357:2001-15.
9. Wallentin L, Becker RC, Budaj A, et al. Ticagrelor versus
clopidogrel in patients with acute coronary syndromes. N Engl J
Med 2009;361. DOI: 10.1056/NEJMoa0904327.
10. Bhatt DL. Intensifying platelet inhibition — navigating between Scylla and Charybdis. N Engl J Med 2007;357:2078-81.
Copyright © 2009 Massachusetts Medical Society.

10.1056/nejme0906549

nejm.org

Downloaded from www.nejm.org on September 2, 2009 . For personal use only. No other uses without permission.
Copyright © 2009 Massachusetts Medical Society. All rights reserved.

