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Dual antiplatelet therapy, composed of aspirin plus a P2Y12-receptor antagonist, is the cornerstone of
treatment for patients with acute coronary syndrome (ACS). A number of U.S. Food and Drug Admin-
istration–approved P2Y12-receptor antagonists are available for treating patients with ACS, including
the thienopyridine compounds clopidogrel and prasugrel. Ticagrelor, the first of a new class of anti-
platelet agents, is a noncompetitive, direct-acting P2Y12-receptor antagonist. Unlike the thienopyridine
compounds, ticagrelor does not require metabolism for activity. Also, whereas clopidogrel and prasu-
grel are irreversible inhibitors of the P2Y12 receptor, ticagrelor binds reversibly to inhibit receptor sig-
naling and subsequent platelet activation. In pharmacodynamic studies, ticagrelor demonstrated faster
onset and more potent inhibition of platelet aggregation than clopidogrel. These properties of ticagre-
lor may contribute to reduced rates of thrombotic outcomes compared with clopidogrel, as demon-
strated in a phase III clinical trial. However, in addition to bleeding, distinctive adverse effects of this
new chemical entity have not been reported with the thienopyridine P2Y12-receptor inhibitors.
Although ticagrelor represents an advancement in P2Y12-receptor inhibition therapy, a thorough
understanding of this compound as an antiplatelet therapy remains to be elucidated.
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In the United States, over a million people are
diagnosed annually with acute coronary syn-
drome (ACS).1 ACS consists of non–ST-segment
elevation (NSTE) ACS and ST-segment elevation
myocardial infarction (STEMI); NSTE ACS con-
sists of unstable angina or non–ST-segment ele-
vation myocardial infarction. Due to the central
role of platelets in the pathophysiology of arte-
rial thrombosis, antiplatelet therapy is critical

for the acute and chronic treatment of patients
with ACS.
Dual antiplatelet therapy with aspirin and the

P2Y12-receptor antagonist clopidogrel demon-
strated significant benefit over aspirin alone in
patients with NSTE ACS in the Clopidogrel in
Unstable Angina to Prevent Recurrent Events
(CURE) trial in 2001.2 Since that time, dual an-
tiplatelet therapy has been considered the stan-
dard of care for patients with ACS and has
been incorporated into current treatment guide-
lines.3–5

Despite the widespread use of clopidogrel,
there is a rate of recurrent cardiovascular (CV)
events of at least 10% within 1 year of an ACS
event.2 These events are potentially explained by
issues related to clopidogrel including variability
in antiplatelet response, pharmacogenomic influ-
ences, and drug interactions.6–8 The P2Y12-
receptor inhibitor prasugrel overcame a number
of limitations of clopidogrel but has a similar
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chemical structure (thienopyridine). Prasugrel
must be activated through metabolism to pro-
vide antiplatelet effects, although the clinical rel-
evance of this process remains unknown.9

However, ticagrelor is the first U.S. Food and
Drug Administration–approved agent of a new
class of antiplatelet agents—cyclopentyltriazolo-
pyrimidines—and has distinct pharmacologic
properties compared with those of the thieno-
pyridines.

Mechanism of Action and Chemical Properties

Ticagrelor is an orally administered direct-act-
ing P2Y12-receptor antagonist.

10, 11 In vitro stud-
ies have demonstrated that ticagrelor binds
reversibly and noncompetitively to the P2Y12
receptor at a site distinct from that of the endoge-
nous agonist adenosine diphosphate (ADP).10 In
contrast, the thienopyridine compounds clopido-
grel and prasugrel (Figure 1) bind irreversibly to
the P2Y12 receptor for the life of the platelet.

12

The development of ticagrelor began by lever-
aging the structure of adenosine triphosphate,
which is an endogenous antagonist of the P2Y12
receptor (Figure 2). Prior to the development of
ticagrelor, cangrelor was identified as a potent
and selective P2Y12-receptor antagonist (Fig-
ure 2). Currently, cangrelor is being developed
for intravenous administration. To identify orally
active derivatives, the structure of cangrelor was
altered by replacing the purine with a triazolopyr-
imidine heterocycle as well as substitutions at
other key locations.13, 14 As a result, the compound

AZD6140 (ticagrelor) was identified to possess
acceptable affinity and metabolic stability.14

Pharmacokinetics

In healthy subjects, ticagrelor is rapidly
absorbed, with a median time to peak concentra-
tion (Tmax) of 2–3 hours after multiple twice/
day oral dosing. Similarly, the median Tmax for
one active metabolite of ticagrelor, AR-
C124910XX, is ~2.5–4 hours.15 After absorption,
ticagrelor and AR-C124910XX are highly bound
to plasma proteins (more than 99.8%) and lar-
gely restricted to the plasma space.16, 17 The
absolute bioavailability of ticagrelor is estimated
at 36%, and the steady-state volume of distribu-
tion of ticagrelor is 88 L.18

Unlike clopidogrel and prasugrel, ticagrelor is
not a prodrug and does not require metabolic
activation for antiplatelet activity.19 Still, ticagre-
lor is extensively metabolized, with ticagrelor
and its active and approximately equipotent
metabolite composing the major circulating
components in the plasma.17 Exposure to the
active metabolite AR-C124910XX, formed
through cytochrome P450 (CYP) 3A4- and 3A5-
mediated metabolism, is approximately a third
that of ticagrelor.15, 17, 21, 22

Figure 1. Chemical structures of the thienopyridine
compounds prasugrel and clopidogrel.

Figure 2. Chemical structures of adenosine triphosphate
(ATP), ticagrelor, and cangrelor.
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Ticagrelor and AR-C124910XX exhibit pre-
dictable linear pharmacokinetics in healthy vol-
unteers as well as in patients with
atherosclerosis, stable coronary artery disease
(CAD), and ACS.15, 21–24 After multiple twice/
day doses of ticagrelor in healthy volunteers, the
mean elimination half-lives for ticagrelor and
AR-C124910XX were 6.7–9.1 hours and 7.5–
12.4 hours, respectively.15 After administration
of radiolabelled ticagrelor in healthy subjects,
the mean radioactivity recovery was 58% in feces
and 27% in urine.17 Levels of unchanged ticagre-
lor and AR-C124910XX in urine were less than
0.05%, suggesting that renal excretion plays a
relatively minor role in the elimination of ticagr-
elor and AR-C124910XX.17

As expected, severe renal impairment does
not significantly affect the pharmacokinetics,
pharmacodynamics, or safety of ticagrelor and
AR-C124910XX.25 However, exposure to ticagre-
lor and AR-C124910XX was modestly increased
in patients with mild hepatic impairment,
although there were no subsequent effects on
pharmacodynamics or tolerability.26 Based on
these findings, no dosage adjustment is consid-
ered necessary in either of these patient groups.
However, there are no pharmacodynamic data
on the use of ticagrelor in patients with moder-
ate or severe hepatic impairment; therefore, use
should be avoided in these patients. It is also
important to note that data are not available on
the clinical response to ticagrelor in patients
with hepatic impairment and ACS. Notably, a
phase II study demonstrated that prior clopido-

grel dosing or responder status does not affect
the pharmacokinetics of ticagrelor.23

Pharmacodynamics

Inhibition of platelet aggregation (IPA) stimu-
lated by ADP is a commonly used pharmacody-
namic parameter for P2Y12-receptor antagonists.
In this section, we refer to final platelet aggrega-
tion observed at the end of platelet response
(i.e., 6 min), rather than maximal extent of
platelet aggregation.27 The IPA by ticagrelor has
been examined in several populations. For
example, in healthy volunteers, single doses of
ticagrelor (100–400 mg) were associated with a
rapid (2 hrs), dose-dependent, and near-com-
plete inhibition of 20-lM ADP-induced platelet
aggregation.22 In a multiple-dose study in
healthy volunteers, IPA gradually decreased with
declining plasma concentrations from ~12 hours
after dosing, indicating that ticagrelor-associated
IPA is concentration dependent and slowly
reversible. Ticagrelor is only approved for twice/
day dosing because this strategy showed greater
and more consistent IPA than once/day dosing
(50–600 mg) (Table 1).15 In another study of
healthy volunteers, the effect of age and sex on
the pharmacodynamics of ticagrelor was
assessed.28 Elderly and younger volunteers of
both sexes received a single dose of ticagrelor
200 mg. Notably, elderly subjects had higher ti-
cagrelor exposure compared with younger sub-
jects, and women had higher exposure than
men. The maximal concentration was signifi-

Table 1. Final Percentage of Mean Inhibition of Platelet Aggregation over Time in Healthy Subjects Receiving Multiple
Doses of Ticagrelor15

Treatment regimen

Final percentage of inhibition of platelet aggregation (%)

4 hrs 8 hrs 12 hrs 24 hrs

Ticagrelor once/day
50 mg (n=7) 94.0 � 6.0 72.0 � 31.5 62.0 � 33.2 14.0 � 13.2
100 mg (n=7) 99.0 � 2.5 95.0 � 5.0 89.0 � 9.3 57.0 � 28.9
200 mg (n=14) 99.0 � 1.2 95.0 � 6.3 95.0 � 8.2 76.0 � 26.7
300 mg (n=7) 100.0 � 0.2 97.0 � 5.1 93.0 � 8.6 82.0 � 13.2
400 mg (n=6) 97.0 � 4.2 95.0 � 6.8 91.0 � 10.8 90.0 � 11.8
600 mg (n=6) 99.0 � 1.9 97.0 � 4.9 96.0 � 4.7 91.0 � 11.0
Ticagrelor twice/day
50 mg (n=14) 95.0 � 10.8 90.0 � 20.0 87.0 � 23.9 79.0 � 29.6
100 mg (n=13) 97.0 � 7.9 95.0 � 10.9 93.0 � 15.8 93.0 � 10.8
200 mg (n=13) 98.0 � 4.8 98.0 � 3.7 96.0 � 6.4 97.0 � 6.8
300 mg (n=7) 100.0 � 0.0 100.0 � 0.0 99.0 � 1.1 100.0 � 0.0
Clopidogrel once/day
75 mg (n=14) 90.0 � 21.1 82.0 � 26.4 83.0 � 22.5 77.0 � 27.4
Placebo once/day
(n=23–39) 7 � 7.4 8 � 8.8 8 � 12.0 5 � 6.5

Data are mean � SD percentages.
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cantly increased by 61% in young women, 73%
in elderly men, and 148% in elderly women
compared with young men. Interestingly, the
elderly subjects with the highest ticagrelor expo-
sure also had the lowest IPA, suggesting that
platelets are less sensitive in the elderly. Despite
these differences, no adjustment in ticagrelor
dose is recommended based on age or sex
because IPA was substantial in all groups examined
(higher than 90% at 4 and 8 hrs after dosing).

Key Pharmacokinetic and Pharmacodynamic

Trials

Ticagrelor was first evaluated in patients with
stable CAD in the Dose Confirmation Study
Assessing Anti-Platelet Effects of AZD6140 ver-
sus Clopidogrel in Non–ST-Segment Elevation
Myocardial Infarction (DISPERSE) trial.21 In this
randomized, double-blind, parallel-group study,
200 patients with stable CAD who were cur-
rently taking aspirin were administered either ti-
cagrelor or clopidogrel for 28 days. The
pharmacokinetics, pharmacodynamics, and
safety of ticagrelor were evaluated for four dif-
ferent dose regimens—50 mg twice/day, 100 mg
twice/day, 200 mg twice/day, or 400 mg/day—
compared with clopidogrel 75 mg/day. The
highest doses of ticagrelor (100 mg and 200 mg
twice/day, and 400 mg/day) achieved peak IPA
within 2–4 hours and comparable IPA at steady
state (~90–95%) (Table 2). Conversely, ticagre-
lor 50 mg twice/day and clopidogrel 75 mg/day
(without a loading dose) resulted in a slower
onset and reduced IPA (68% for clopidogrel).
Plasma concentrations for ticagrelor and AR-
C124910XX were linear and dose proportional,
and corresponded with IPA. The 100 mg twice/
day regimen demonstrated peak blood levels of
800 ng/ml. Higher doses resulted in proportional
increases in plasma concentrations without
major changes in IPA (Table 2).
From a safety perspective, bleeding times

increased in all ticagrelor groups (14.8–23 min)

compared with clopidogrel (10.5 min). Consis-
tent with these findings, minor bleeding was
more common with the three highest ticagrelor
doses (44–51%) compared with either ticagrelor
50 mg twice/day (29%) or clopidogrel (32%).
Also, one patient in the ticagrelor 400 mg/day
group had a major bleeding event. The DIS-
PERSE trial also identified an increased rate of
dyspnea (10–20%) and elevated uric acid levels
(by 5–10%) in the ticagrelor groups. Based on
the superior antiplatelet effect compared with
the 50 mg twice/day dose and the improved
safety and tolerability compared with the 400
mg/day dose, the 100 mg and 200 mg twice/
day doses were targeted for future study. After
the DISPERSE trial findings, the formulation of
ticagrelor was changed (the 100-mg tablet
became 90 mg); therefore, the new correspond-
ing doses of 90 mg and 180 mg twice/day were
targeted in future studies.
Following the DISPERSE trial, researchers ini-

tiated a follow-up study termed DISPERSE-2.29

The DISPERSE-2 trial was a randomized double-
blind study conducted in 990 patients with
NSTE-ACS. The primary end point of this trial
was protocol-defined major or minor bleeding at
4 weeks. This end point was not significantly
different between the ticagrelor 90 mg twice/day
(9.8%), 180 mg twice/day (8.0%), and clopido-
grel 75 mg/day (8.1%) groups (p=0.43 and
p=0.96, respectively, vs clopidogrel). The rates
of major bleeding were also not significantly dif-
ferent between groups. However, there was a
trend for increased minor bleeding with ticagre-
lor 180 mg twice/day compared with clopidogrel
(3.8% vs 1.3%, p=0.0504) at 4 weeks that was
significant at 12 weeks (6.1% vs 1.3%, p=0.01).
Furthermore, two fatal bleeds occurred in the ti-
cagrelor 90-mg group. The rates of death or CV
death were not significantly different among
groups, but a trend for lower rates of myocardial
infarction (MI) was identified among the ticagre-
lor groups compared with clopidogrel (3.8% for
ticagrelor 90 mg vs 5.6% for clopidogrel,

Table 2. Pharmacokinetic and Pharmacodynamic Parameters of Ticagrelor at Day 14 of the DISPERSE Trial21

Parameter
Ticagrelor 50 mg

twice/day
Ticagrelor 100 mg

twice/day
Ticagrelor 200 mg

twice/day
Ticagrelor
400 mg/day

Clopidogrel
75 mg/day

Tmax, hrs 2.5 (56) 2.8 (74) 2.6 (69) 2.4 (149) –
Cmax, ng/
ml

375 (50) 810 (41) 2278 (31) 3653 (41) –

IPA, % 75 (55–84) 88 (82–95) 95 (86–100) 98 (88–100) 68 (44–81)

Cmax = maximum concentration; DISPERSE = Dose Confirmation Study Assessing Anti-Platelet Effects of AZD6140 versus Clopidogrel in
Non–ST-Segment Elevation Myocardial Infarction; IPA = inhibition of platelet aggregation; Tmax = time to reach maximum concentration.
Data are mean (% coefficient of variation) for Tmax and Cmax, and median (interquartile range) for IPA. IPA refers to an estimation of final
percentage of inhibition of platelet aggregation at 4 hours after dosing on day 14.
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p=0.41; 2.5% for ticagrelor 180 mg vs 5.6% for
clopidogrel, p=0.06).
A substudy of DISPERSE-2 examined the

pharmacodynamics of ticagrelor at doses of
90 mg and 180 mg twice/day compared with
clopidogrel 75 mg/day for 12 weeks in clopido-
grel-naive patients (clopidogrel 300-mg loading
dose given; n=45) and clopidogrel pretreated
patients (no clopidogrel loading dose given;
n=44).24 Ticagrelor yielded greater and more
consistent IPA than clopidogrel at 4 weeks and
was associated with further suppression of plate-
let aggregation in patients pretreated with clopi-
dogrel.
As reported in the DISPERSE trial, the rates of

dyspnea were higher in both ticagrelor groups of
the DISPERSE-2 trial (10.5–15.8%) compared
with clopidogrel (6.4%, p=0.07 and p<0.0002
for the ticagrelor 90 mg and 180 mg twice/day
groups, respectively, vs clopidogrel).29 Of the
patients reporting dyspnea, 27% had resolution
of symptoms within 24 hours while continuing
therapy, and another 25% had relief after
24 hours, whereas 48% experienced symptoms
during treatment lasting longer than 15 days.
Diarrhea was also significantly more common in
the ticagrelor 180-mg group compared with
clopidogrel (7.4% vs 3.4%, p=0.02), and hypo-
tension occurred more frequently in both ticagr-
elor groups (3.7% for the 180-mg group and
1.2% for the 90-mg group) compared with clopi-
dogrel (0.6%; p=0.01 and p=0.004 for the ticagr-
elor 180-mg and 90-mg groups, respectively, vs
clopidogrel). Patients treated with ticagrelor had
higher rates of ventricular pauses greater than
2.5 seconds, but no corresponding significant
difference in the rates of ventricular tachycar-
dias; the ventricular pauses were significantly
different in the ticagrelor 180-mg group. There
were 4.9% of patients who experienced more
than three episodes of ventricular pauses com-
pared with 0.3% for clopidogrel (p<0.001). Due
to the increased episodes of dyspnea and ven-
tricular pauses in the ticagrelor 180-mg group,
the 90-mg twice/day dose was selected for fur-
ther investigation.
To assess the pharmacodynamic response of

ticagrelor, investigators designed a multicenter,
randomized, double-blind assessment of the
onset and offset of antiplatelet effects of ticagr-
elor compared with clopidogrel in patients
with stable CAD: the ONSET/OFFSET trial.31

In this study, ticagrelor, at a loading dose of
180 mg followed by 90 mg twice/day, was
compared with clopidogrel, at a loading dose

of 600 mg followed by the standard mainte-
nance dose of 75 mg/day, or placebo, for
6 weeks. Patients with stable CAD (n=123)
achieved significantly greater IPA when treated
with ticagrelor plus aspirin compared with
clopidogrel plus aspirin, at 0.5, 1, 2, 4, 8, and
24 hours and 6 weeks after loading dose admin-
istration (p<0.0001 for all time points; Fig-
ure 3).31 Near maximal platelet inhibition
(~80%) was achieved within 1 hour in the ticagr-
elor group, and peak IPA was achieved at
2 hours with ticagrelor compared with peak IPA
at 7.8 hours with clopidogrel.
Consistent with its noncompetitive and revers-

ible pharmacology, the rate of offset with ticagr-
elor was significantly faster compared with
clopidogrel (p<0.0001; Figure 3). However, 4–5
days were still required for platelet reactivity to
return to normal with ticagrelor. Although mean
IPA was higher with ticagrelor than clopidogrel
during the 6-week treatment period, mean IPA
for both antiplatelet agents was similar at
24 hours after the last maintenance dose (58%
for ticagrelor vs 52% for clopidogrel) when mea-
sured by using light transmittance aggregometry
(Figure 3) and at 48 hours when measured by
using the VerifyNow P2Y12 assay or the vasodi-
lator-stimulated phosphoprotein phosphorylation
assay. These findings suggest that patients trea-
ted with ticagrelor who are at steady state and
miss a dose would have platelet inhibition simi-
lar to maximal pharmacodynamic response when
using clopidogrel. Likewise, the risk of bleeding

Figure 3. Final inhibition of platelet aggregation in
patients with stable coronary artery disease who received
ticagrelor (180-mg loading dose followed by a 90 mg twice/
day maintenance dose), clopidogrel (600-mg loading dose
followed by a 75-mg/day maintenance dose), or placebo for
6 weeks in the ONSET/OFFSET study. *p<0.0001;
†p<0.005; ‡p<0.05.31
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for ticagrelor is expected to remain higher than
that for clopidogrel for at least 24–48 hours after
the last dose.
Bleeding events occurred more frequently in

the ticagrelor group (28.1%) compared with the
clopidogrel (13.0%) and placebo groups (8.3%)
in the ONSET/OFFSET trial, but no major
bleeding events were identified. One patient in
the placebo group and four patients in the ti-
cagrelor group discontinued study treatment due
to adverse events. Three patients in the ticagre-
lor group withdrew from the study due to dysp-
nea. Likewise, dyspnea was significantly more
common in patients treated with ticagrelor com-
pared with clopidogrel (25% vs 4%, p<0.01).
The pharmacodynamic response of ticagrelor

in clopidogrel nonresponders with stable CAD
was assessed in a randomized, double-blind,
crossover trial: the Response to Ticagrelor in
Clopidogrel Nonresponders and Responders and
Effect of Switching Therapies (RESPOND)
trial.32 This study assessed the absolute change
in maximal 20-lM ADP-induced platelet aggre-
gation in nonresponders (absolute change 10%
or lower; n=41) and responders (absolute
change more than 10%; n=57). The effect of
switching therapy was also examined. As
expected, IPA significantly increased in clopido-
grel nonresponders treated with a 180-mg load-
ing dose of ticagrelor followed by 90 mg twice/
day, compared with a 600-mg loading dose of
clopidogrel followed by 75 mg/day (p=0.005;
Figure 4A). Moreover, platelet aggregation
decreased from 59% to 35% in patients who
switched from clopidogrel to ticagrelor and
increased from 36% to 56% in patients switched
from ticagrelor to clopidogrel (p<0.0001 for
both; Figure 4). Similar findings were identified
in clopidogrel responders (Figure 4B). There-
fore, the RESPOND trial helped confirm that
patients can be switched from clopidogrel to ti-
cagrelor without interruption of pharmacody-
namic antiplatelet effect to obtain higher levels
of platelet inhibition.

Clinical Efficacy

The phase III clinical trial evaluating the effi-
cacy and safety of ticagrelor in patients with
ACS was the Platelet Inhibition and Patient Out-
comes (PLATO) trial.30 Patients in this trial
(n=18,624) who presented within 24 hours of
an ACS event (NSTE ACS or STEMI) were ran-
domized in a double-blinded fashion to a clopi-
dogrel loading dose of 300 mg followed by

75 mg/day, or a loading dose of ticagrelor
180 mg followed by 90 mg twice/day, for at least
6 months and up to 12 months. An additional
loading dose of clopidogrel 300 mg at the time
of PCI was allowed at the investigator’s discre-
tion, as well as an additional loading dose of ti-
cagrelor 90 mg if PCI occurred more than
24 hours after randomization. All patients also
received aspirin unless tolerance to aspirin pre-
vented its use. The primary efficacy end point of
the trial was the composite of CV death, MI,
and stroke.
Patients randomized to ticagrelor demon-

strated a significant 16% relative reduction in

Figure 4. Maximum inhibition of platelet aggregation
(IPA) in patients with stable coronary artery disease who
were clopidogrel nonresponders (41 patients; panel A) and
clopidogrel responders (57 patients; panel B) and were
randomized to either ticagrelor (180-mg loading dose
followed by 90 mg twice/day) or clopidogrel (600-mg
loading dose followed by 75 mg once/day) for 14 days
(period 1), then switched treatments (period 2; all
nonresponders; half of responders). ADP = adenosine
diphosphate. *p<0.0001; †p<0.001; ‡p<0.05.32

1082 PHARMACOTHERAPY Volume 34, Number 10, 2014



the primary end point compared with clopido-
grel (hazard ratio [HR] 0.84, 95% confidence
interval [CI] 0.77–0.92; Table 3). The benefit of
ticagrelor over clopidogrel was evident within
the first 30 days of treatment (4.8% vs 5.4%,
p=0.045) and continued to increase from day 31
to day 360 (5.3% vs 6.6%, p<0.001). Therefore,
the benefits demonstrated with ticagrelor in the
PLATO trial were not just due to early potent

antiplatelet therapy but also presumably due to
maintained potent antiplatelet therapy.
The composite end point of CV death, MI,

and stroke is a common end point in trials eval-
uating P2Y12 inhibitor therapy. However, a
reduction in nonfatal MI is typically the driver
of the overall benefit. Although the incidence of
MI was significantly reduced by 16% with the
use of ticagrelor in the PLATO trial (HR 0.84,
95% CI 0.75–0.95), there was also a significant
21% reduction in the incidence of CV death (HR
0.79, 95% CI 0.69–0.91; Table 3). Although the
PLATO trial was not designed specifically as a
mortality trial, a reduction in CV death has
rarely been demonstrated with an oral antiplat-
elet agent.33 It is unknown if reduced CV death
while taking ticagrelor is due to its more potent
antiplatelet effect compared with clopidogrel or
if it the result of an additional pharmacologic
property of ticagrelor.
Preclinical studies have demonstrated that ti-

cagrelor can inhibit adenosine uptake by human
erythrocytes and that ticagrelor can augment
both endogenous and exogenous adenosine-
induced coronary blood flow in a canine
model.34 These findings have been confirmed in
healthy volunteers, where ticagrelor augmented
exogenous adenosine-induced coronary blood
flow increases.35 Therefore, the mortality benefit
demonstrated with the use of ticagrelor in the
PLATO trial may be due to sustained and ele-
vated adenosine levels in ischemic tissues lead-
ing to improved perfusion.
Compared with clopidogrel, ticagrelor

reduced thrombotic CV events in the PLATO
trial, regardless of the management strategy. The
magnitude of effect of ticagrelor was consistent
between patients in whom an invasive strategy
was planned (HR 0.84, 95% CI 0.75–0.94) and
those assigned to a noninvasive medicinal strat-
egy (HR 0.85, 95% CI 0.73–1.00).36, 37 Similar
results were also demonstrated in the subgroup
of patients with STEMI in whom primary percu-
taneous coronary intervention (PCI) was
planned (n=7544; HR 0.87, 95% CI 0.75–1.01,
p=0.07) and in patients who underwent coro-
nary artery bypass grafting (CABG) surgery dur-
ing the trial (planned or not) and who received
their last dose of study drug within 7 days
before surgery (n=1899; HR 0.84, 95% CI 0.60–
1.16, p=0.29).38, 39

The PLATO trial allowed for a 300- or 600-
mg loading dose of clopidogrel to be adminis-
tered prior to PCI, with only 19.6% of patients
in the clopidogrel group receiving the 600-mg

Table 3. Efficacy and Safety of Ticagrelor in the Phase III
PLATO trial30

Outcome
Ticagrelor
group

Clopidogrel
group p value

Primary efficacy outcome, %
Cardiovascular
death, myocardial
infarction, and
stroke

9.8 11.7 < 0.001

Secondary efficacy outcomes, %
Cardiovascular death 4.0 5.1 0.001
Myocardial infarction 5.8 6.9 0.005
Stroke 1.5 1.3 0.22
Death from any
cause

4.5 5.9 < 0.001

Stent thrombosis,
definite

1.3 1.9 0.009

Stent thrombosis,
probable or definite

2.2 2.9 0.02

Primary safety outcomes, %
Total major bleeding,
PLATO criteria

11.6 11.2 0.43

Total major bleeding,
TIMI criteriaa

7.9 7.7 0.57

Total life-threatening
or fatal bleeding,
PLATO criteria

5.8 5.8 0.70

Secondary safety outcomes, %
Non–CABG-related
major bleeding,
PLATO criteria

4.5 3.8 0.03

Non–CABG-related
major bleeding,
TIMI criteria

2.8 2.2 0.03

CABG-related major
bleeding, PLATO
criteria

7.4 7.9 0.32

CABG-related major
bleeding, TIMI
criteria

5.3 5.8 0.32

Major or minor
bleeding, PLATO
criteria

16.1 14.6 0.008

Major or minor
bleeding, TIMI
criteria

11.4 10.9 0.33

CABG = coronary artery bypass grafting; PLATO = Platelet Inhibi-
tion and Patient Outcomes; TIMI = Thrombolysis in Myocardial
Infarction.
aMajor bleeding and major or minor bleeding according to TIMI
criteria62 refer to nonadjudicated events analyzed with the use of a
statistically programmed analysis in accordance with previously
used definitions.
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dose.30 Therefore, there is concern that the clop-
idogrel group may have been at a disadvantage
during the first few days of the trial because
most patients did not receive the 600-mg clopi-
dogrel loading dose. Although it will remain
unknown how the outcomes may have been
altered if all patients in the clopidogrel group
would have received the 600-mg loading dose,
two points should be considered. First, even
with a 600-mg loading dose of clopidogrel,
patients receiving ticagrelor 180 mg have signifi-
cantly faster and more potent inhibition of plate-
let aggregation.31 Second, in the subgroup of
patients receiving PCI, ticagrelor demonstrated
similar efficacy in patients receiving less than a
600-mg loading dose of clopidogrel (HR 0.83,
95% CI 0.73–0.95) compared with those receiv-
ing 600 mg or more of clopidogrel (HR 0.87,
95% CI 0.69–1.10), with an interaction p value
of 0.733.37 Therefore, the loading dose of clopi-
dogrel did not appear to influence the outcomes
of the PLATO trial.
The consistency of the effects of ticagrelor on

efficacy and safety end points in PLATO was fur-
ther explored in 25 prespecified subgroups and
8 post hoc subgroups, without adjustment for
multiple comparisons.30 In these subanalyses, no
significant heterogeneity was found regarding
the primary end point, with three exceptions.
The benefit of ticagrelor appeared to be attenu-
ated in patients not taking lipid-lowering drugs
at randomization, in those weighing less than
the median weight for their sex, and in those
enrolled in North America. Interactions for
weight by sex and lipid-lowering therapy did
not exhibit quantitative differences and were not
considered clinically meaningful.40 However, the
region interaction suggested that ticagrelor was
less effective in North America, specifically the
United States. In fact, patients in the United
States enrolled in the PLATO trial actually had a
numerical increase in the primary end point
with the use of ticagrelor compared with clopi-
dogrel (11.9% vs 9.5%, p=0.1459), as well as
each of the individual components of the com-
posite end point.
There are a number of possible explanations

for this finding. This effect may have been due
to chance from the basic risk of conducting mul-
tiple subgroup analyses. There were also a num-
ber of differences in baseline demographics in
patients enrolled in the United States (n=1413)
compared with the rest of the world, although
this effect was maintained after later adjustment
for these factors. This effect may also have been

due to the higher maintenance dose of aspirin
used in the United States, as more patients in
the United States took a median maintenance
dose of aspirin of 300 mg/day or more (53.6%)
than the rest of the world (1.7%).40 Patients
enrolled in the United States who received a
maintenance dose of aspirin of 300 mg/day or
more had an increase in risk of events with the
use of ticagrelor compared with clopidogrel (HR
1.62, 95% CI 0.99–2.64), but a reduction in risk
if a maintenance dose of aspirin of 100 mg or
less was used (HR 0.73, 95% CI 0.40–1.33).
Because only 284 patients in the United States
received ticagrelor and a maintenance dose of
aspirin of 100 mg or less, clinicians may be con-
cerned over having this small group explain the
geographic treatment discrepancy. It should be
noted that the effect of aspirin dose was also
demonstrated in the rest of the world, with a
lower maintenance dose having a benefit with ti-
cagrelor compared with clopidogrel (HR 0.78,
95% CI 0.69–0.87) that seems to be lost with a
higher maintenance dose (HR 1.23, 95% CI
0.71–2.14). Therefore, it seems that a mainte-
nance dose of aspirin 75–100 mg/day is needed
to realize the benefits of ticagrelor over clopido-
grel, and doses greater than 100 mg/day are not
recommended (Table 4). It should be also noted
that the lowest event rates in both the ticagrelor
and clopidogrel groups occurred in patients
receiving low-dose aspirin.
No accepted biological rationale is currently

available to explain the interaction between ti-
cagrelor and higher aspirin doses. One potential
hypothesis is based on the knowledge that aspi-
rin not only inhibits platelet cyclooxygenase and
subsequent thromboxane A2 production but also
endothelial release of prostacyclin in a dose-
dependent manner at doses of greater than
80 mg/day.41 Prostacyclin inhibits platelet acti-
vation and promotes vasodilation. In the setting
of already high-level platelet inhibition from an
agent such as ticagrelor, the ability of aspirin to
provide added platelet inhibition through reduc-
ing thromboxane A2 is limited, and the inhibi-
tion of prostacyclin may attenuate the beneficial
impact of potent P2Y12 inhibition.42, 43 Although
this hypothesis may have some pharmacologic
merit, this aspirin effect was not seen with the
high-level P2Y12 inhibition of prasugrel in the
Trial to Assess Improvement in Therapeutic
Outcomes by Optimizing Platelet Inhibition with
Prasugrel—Thrombolysis in Myocardial Infarc-
tion 38 (TRITON-TIMI 38) trial.44 In the CUR-
RENT-OASIS 7 trial, higher dose aspirin
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attenuated the effect of lower dose clopidogrel
but not with higher dose clopidogrel.45

Safety

Bleeding Events

Bleeding is the major safety concern with any
antiplatelet agent due to the significant detri-
mental impact on morbidity and mortality and
cost of care when major bleeding events occur.
Bleeding events are also important with antiplat-
elet agents because by inhibiting platelet activity,
the ability to achieve hemostasis in the event of
injury or surgery is also impaired. In the DIS-
PERSE trials, there was an increase in the risk of
minor bleeding with ticagrelor compared with
clopidogrel, but very few major bleeding events
were recorded.21, 29 Total major bleeding was
the primary safety end point in the PLATO trial
and was assessed with a new PLATO definition
of major bleeding,30 as well as the more stan-
dard Thrombolysis in Myocardial Infarction
(TIMI) definition of major bleeding62 (Table 5).
The incidence of total major bleeding (using
either the PLATO or TIMI definitions) was not
significantly increased with the use of ticagrelor
compared with clopidogrel (Table 3).30 The use
of total major bleeding as a primary safety end
point is somewhat unique to the PLATO trial.
Most antiplatelet therapy trials use non–CABG
major bleeding as the primary safety outcome
due to the high rate of major bleeding seen in
CABG surgery. In the PLATO trial, 70% of the
patients undergoing CABG surgery had sufficient
blood loss to classify as a major bleeding event,
representing two-thirds of all the major bleeding
events in the study but only 10% of the study
population.46 It is important to note that despite

ticagrelor’s faster offset of antiplatelet activity in
pharmacodynamic trials, no significant differ-
ence in the incidence of CABG-related major
bleeding was noted compared with clopidogrel
in patients receiving therapy within 7 days of
surgery.39 These bleeding events are more likely
representative of routine operating room proce-
dures and suggest that clinically meaningful
bleeding events are diluted by the disproportion-
ately high incidence of patients receiving trans-
fusion for CABG surgery. When non–CABG-
related major bleeding was evaluated, a signifi-
cant increase was demonstrated in patients
receiving ticagrelor compared with clopidogrel
(Table 3), but life-threatening bleeding and fatal
bleeding were not significantly different. A sig-
nificant increase in the rate of fatal intracranial
bleeding was also noted with ticagrelor com-
pared with clopidogrel, but the percentages were
small (0.1% vs 0.01% for ticagrelor vs clopido-
grel, p=0.02).

Other Adverse Events

A number of distinctive adverse effects have
been reported with ticagrelor, likely because ti-
cagrelor has a different chemical structure com-
pared with the traditional thienopyridine P2Y12
inhibitors. Dyspnea associated with ticagrelor
was reported in the DISPERSE trials and the
ONSET/OFFSET trial.21, 29, 31 As previously dis-
cussed, the higher rate of dyspnea in the DIS-
PERSE-2 trial with the ticagrelor 180-mg dose
compared with the 90-mg twice/day dose con-
tributed to the lack of continued study of the
higher dose. Dyspnea in the ONSET/OFFSET
trial was thought to be due to ticagrelor in
24.6% of patients compared with 3.7% with
clopidogrel.47 Of the 22 cases reported with ti-

Table 4. Drug Interactions with Ticagrelor

Basis for Interaction Examples of interacting drugs
Recommendations for patients receiving

ticagrelor therapy

CYP3A4 Strong CYP3A4 inhibitors: ketoconazole,
itraconazole, voriconazole, clarithromycin,
nefazodone, ritonavir, saquinavir, nelfinavir,
indinavir, atazanavir, telithromycin

Potent CYP3A4 inducers: rifampin,
dexamethasone, phenytoin, carbamazepine,
phenobarbital

Potent CYP3A4 inhibitors are contraindicated
Potent CYP3A4 inducers should be avoided
Coadministration with simvastatin or
lovastatin doses > 40 mg/day should be
avoided (ticagrelor increases serum
concentrations of these drugs)

P-glycoprotein Digoxin (P-glycoprotein substrate) Monitor digoxin levels when initiating
ticagrelor

Clinical effectiveness Aspirin Avoid maintenance doses of aspirin > 100 mg/
day

CYP = cytochrome P450.
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cagrelor, three were judged to be of moderate
severity, and all others were mild. The dyspnea
usually occurred early after ticagrelor initiation,
with 8 of the 22 events occurring within
24 hours, and 17 of the 22 occurring within
1 week. This is in comparison with four of five
events with clopidogrel that occurred beyond
1 week. No significant differences in cardiac or
pulmonary function parameters were noted in
patients with dyspnea.47 In the PLATO trial,
patients randomized to ticagrelor also had a sig-
nificantly higher rate of reported dyspnea com-
pared with those receiving clopidogrel (13.8% vs
7.8%, p<0.001).30 Of the patients who reported
dyspnea while receiving ticagrelor, 5.9% prema-
turely discontinued therapy compared with 1.6%
of the patients receiving clopidogrel who
reported dyspnea (p<0.001). The discontinua-
tion rate due to dyspnea in the overall PLATO
trial was 0.9% for ticagrelor and 0.1% for clopi-
dogrel (p<0.001).48

Therefore, dyspnea is often self-limiting, and
the need to discontinue therapy is rare. Patients
with dyspnea in the PLATO trial had a similar
rate of thrombotic events compared with patients
without dyspnea, and therefore no loss of treat-
ment effect was seen in patients who developed
dyspnea.48 There was no change in pulmonary
function demonstrated in a subset of patients
who underwent pulmonary function testing in
the PLATO trial (n=199) with ticagrelor or clop-
idogrel.48 Patients with prior history of conges-
tive heart failure, chronic obstructive pulmonary
disease (COPD), or other causes of dyspnea were
not at higher risk of developing ticagrelor-related
dyspnea. This finding has been confirmed in
another evaluation in which healthy elderly
individuals and patients with asthma or COPD
were not at higher risk of developing dyspnea
with ticagrelor.49

Another adverse effect noted with ticagrelor
has been an increase in ventricular pauses longer
than 2.5 seconds. This was first recognized in
the DISPERSE-2 trial in patients who underwent
continuous electrocardiographic monitoring.29

This finding led to a substudy of the PLATO
study in which 2908 patients had a 7-day con-
tinuous electrocardiogram recorded starting at
the time of randomization and repeated at
1 month.50 Based on the previous findings of
the DISPERSE-2 trial, patients at increased risk
for a bradycardic event (known as sick sinus
syndrome, second- or third-degree atrioventricu-
lar conduction block, or previously documented
syncope suspected to be due to bradycardia

unless treated with a pacemaker) were excluded
from the PLATO trial. Ventricular pauses of
3 seconds or longer occurred in a higher pro-
portion of patients receiving ticagrelor than
clopidogrel (5.8% vs 3.6%, p=0.006) during the
first week after randomization but in a similar
proportion of patients at 1 month (2.1% vs
1.7%, p=0.52). Most of the difference between
the groups was in the incidence of sinoatrial
(SA) node pauses. Importantly, there were no
significant differences between the groups in the
incidence of clinically reported bradycardia-
related adverse events such as dizziness, syncope,
pacemaker placement, or cardiac arrest.30

The mechanism behind these distinctive
adverse effects of ticagrelor may be due to the
drug’s ability to delay adenosine metabolism. It
is known that continuous infusions of adenosine
can produce dyspnea without bronchospasm.51

Continuous infusions of adenosine have also
demonstrated the ability to produce SA node
pauses compared with the more common occur-
rence of atrioventricular block produced by
bolus doses of adenosine.51 Data from a canine
model and healthy volunteers have demonstrated
an increase in the effect of adenosine when
exposed to ticagrelor, which is reversed when
theophylline is given (an adenosine antago-
nist).34, 35, 52 These studies have shown that ti-
cagrelor can interfere with adenosine
metabolism and increase adenosine concentra-
tions through inhibition of adenosine uptake by
erythrocytes, most likely through inhibition of
the sodium-independent equilibrative nucleoside
transporter (ENT)-1).34, 35, 52 Erythrocyte ENT-
1 is responsible for uptake of adenosine into the
cell, where it is metabolized by multiple mecha-
nisms. The ability of ticagrelor to inhibit adeno-
sine’s uptake through ENT-1 is likely due to the
similar chemical structure of the two molecules
(Figure 2). This interaction produces an increase
in adenosine exposure. Therefore, the same
effect that produces increased coronary blood
flow also produces these distinctive adverse
effects. Because there is an elevation of adeno-
sine produced during the acute ischemic burden
of an ACS event in local tissues, the adverse
effects of dyspnea and ventricular pauses are
typically seen early in ticagrelor therapy. When
the ischemic stimulus is reduced over the course
of the next 30 days, the rates of these adverse
effects are reduced, and the need to discontinue
therapy is rare. This most likely also explains
the increase in uric acid concentration demon-
strated with ticagrelor early in treatment because
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uric acid would be a breakdown product of
purine (adenosine) metabolism. There was also
an increase in serum creatinine in ticagrelor
patients compared with clopidogrel patients
(10% vs 8% change from baseline; p<0.001).30

The effect on serum creatinine concentration
may also be explained by the impact of ticagre-
lor on adenosine uptake because increased aden-
osine could alter renal hemodynamics by
decreasing tension in the afferent arteriole,
thereby lowering the glomerular filtration pres-
sure. Although this difference was statistically
significant, the clinical significance of this find-
ing has yet to be determined.

Drug Interactions

In vitro studies indicate that ticagrelor is a
substrate and a weak inhibitor of CYP3A.20 Ti-
cagrelor is largely metabolized by CYP3A4 and
to a lesser extent by CYP3A5. Because strong
CYP3A4 inhibitors increase exposure to ticagre-
lor, their combined use is not recommended
(Table 4). For example, concomitant administra-
tion of ketoconazole with ticagrelor increased
the ticagrelor Cmax 2.4-fold and the area under
the concentration-time curve (AUC) 7.3-fold.53

Moderate CYP3A4 inhibitors have a proportional
effect on ticagrelor exposure and are not contra-
indicated. For example, diltiazem increased the
ticagrelor Cmax by 69%, and the AUC was
increased 2.7-fold.53 Conversely, potent inducers
of CYP3A4 may decrease exposure to and hence
reduce the efficacy of ticagrelor. The combined
use of potent CYP3A4 inducers with ticagrelor
should be avoided based on a healthy volunteer
study in which coadministration of rifampin

decreased the ticagrelor Cmax and AUC by 73%
and 86%, respectively (Table 4).54 Coadministra-
tion of ticagrelor with CYP3A4 substrates with a
narrow therapeutic index (e.g., cisapride, ergot
alkaloids) is also not recommended because ti-
cagrelor is a weak inhibitor of CYP3A4 and
could increase the exposure of these drugs.55

Statins are widely prescribed to patients with
ACS, and several are metabolized by CYP3A4. In
a dedicated interaction study in healthy volun-
teers, increases in simvastatin Cmax (81%) and
AUC (56%) were observed with coadministra-
tion of ticagrelor.56 In some individuals, how-
ever, more than 2-fold increases in simvastatin
AUC were observed, and ticagrelor may have
similar effects on lovastatin pharmacokinetics.
Therefore, coadministration of ticagrelor with
simvastatin or lovastatin doses higher than
40 mg/day could potentially cause adverse statin
effects and should be avoided (Table 4).56

Ticagrelor and AR-C124910XX are also sub-
strates and inhibitors of P-glycoprotein. Coad-
ministration of ticagrelor and digoxin in healthy
volunteers resulted in a 75% and 28% increase
in digoxin Cmax and AUC, respectively.55 Fur-
thermore, mean trough digoxin levels were
increased by ~30% with up to 2-fold increases
observed in some individuals. Based on these
findings, digoxin levels should be monitored
when initiating ticagrelor (Table 4). P-glycopro-
tein inhibitors such as cyclosporine increase the
exposure of ticagrelor, but no dosage adjustment
is needed.57

In addition, ticagrelor undergoes intestinal
CYP3A4-mediated first-pass metabolism as dem-
onstrated in a recent interaction study in which
grapefruit juice (200 ml 3 times/day for 4 days)

Table 5. Bleeding Definitions

PLATO definition30 TIMI definition62

Major bleeding Fatal bleeding
Intracranial hemorrhage
Clinically overt or apparent bleeding with
a drop in Hgb ≥ 3 g/dl
Transfusion of ≥ 2 units of whole blood
or PRBCs
Severe hypotension requiring pressors
or surgery; intrapericardial hemorrhage
with tamponade; hypovolemic shock
Substantially disabling

Major bleeding Fatal bleeding
Leads to hypotension and requires
i.v. inotropic agents
Requires surgical intervention
Transfusion of ≥ 4 units of whole
blood or PRBCs
Intracranial hemorrhage
Clinically overt with a drop in
Hgb > 5 g/dl or drop in HCT > 15%

Minor bleeding Requires medical intervention to stop or
treat bleeding

Minor bleeding Clinically overt with a drop in Hgb
of 3 to ≤ 5 g/dl or drop of HCT of
9 to ≤ 15%

Minimal bleeding All other bleeding not requiring
intervention

Minimal bleeding Clinically overt with drop in Hgb
< 3 g/dl or drop in HCT < 9%

HCT = hematocrit; Hgb = hemoglobin; i.v. = intravenous; PLATO = Platelet Inhibition and Patient Outcomes; PRBCs = packed red blood
cells; TIMI = Thrombolysis in Myocardial Infarction.
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increased exposure to ticagrelor 2-fold but
decreased exposure to AR-C124910XX.18

Pharmacogenomics

It is well established that the variability of
clopidogrel is partially due to genetic polymor-
phisms of the CYP2C19 enzymes required for
metabolism of the inactive parent compound to
the active metabolite.58 Although there is no
mechanistic basis for the pharmacokinetic and
pharmacodynamic profiles of ticagrelor to be
influenced by genotype, the lack of effect of
genotype was confirmed in a pooled analysis of
data from the RESPOND and ONSET/OFFSET
trials. Compared with clopidogrel, ticagrelor
resulted in a significantly lower platelet reactivity
(p<0.01), irrespective of CYP2C19 carrier status
(loss- or gain-of-function), ABCB1 polymor-
phisms, and metabolizer status.59 These findings
are supported by a substudy of the PLATO trial,
which demonstrated that the reduction in throm-
botic end points with the use of ticagrelor com-
pared with clopidogrel was independent of
CYP2C19 and ABCB1 polymorphisms.60 Addi-
tionally, single nucleotide polymorphisms in
platelet P2Y12, P2Y1, or integrin b3 receptors did
not influence the effect of ticagrelor on IPA in
patients with stable CAD or ACS enrolled in the
DISPERSE and DISPERSE-2 trials.61

Conclusion

Inhibiting the P2Y12 platelet receptor has dem-
onstrated an ability to reduce adverse CV out-
comes significantly over the use of aspirin alone.
Despite over a decade of use with clopidogrel, the
agent has a number of limitations that need to be
addressed. Ticagrelor is a P2Y12-receptor inhibitor
that overcomes many of these limitations. The dif-
ferent chemical structure, which is not a prodrug,
allows for rapid, potent, and consistent inhibition
of platelet aggregation. These attractive pharmaco-
logic, pharmacokinetic, and pharmacodynamic
properties may have contributed to a significant
reduction in thrombotic events in the phase III
PLATO trial. Although there was an increase in
non–CABG-related major bleeding, the absolute
difference was not as great as the clinical benefit.
The ability of ticagrelor to alter adenosine uptake
by red blood cells may influence both the efficacy
and safety of the agent. Comparisons to prasugrel
are more difficult to evaluate because direct com-
parison trials have not been conducted. Unlike
prasugrel, ticagrelor offers advantages in being

able to be used regardless of the management strat-
egy (medical and invasive) of the ACS event.
Prasugrel is currently only indicated in patients
receiving PCI. Ticagrelor can be given upstream
before knowing the coronary anatomy, whereas
prasugrel cannot. There are no limitations to the
use of ticagrelor based on a patient’s history of
ischemic stroke, body weight, or age. However,
prasugrel does possess an increased magnitude of
benefit in patients with diabetes mellitus that
ticagrelor has yet to demonstrate. The once/day
dosing of prasugrel is certainly an advantage
compared with twice/day dosing of ticagrelor.
Until a head-to-head comparison trial is con-
ducted, comparisons between these agents remain
speculative.
Although ticagrelor has been studied in only

one major clinical trial, the use of ticagrelor in
patients with ACS has a number of advantages.
As mentioned earlier, ticagrelor can be used
regardless of the type of ACS event, except in
the setting of fibrinolytics for reperfusion in
STEMI. Patients receiving ticagrelor will require
education on the potential for dyspnea as well as
the importance of patient adherence with the
twice/day dosing regimen. Since ticagrelor is a
branded product, cost may be prohibitive for
some patients, and generic clopidogrel may be
the most financially feasible option. Ticagrelor is
currently being studied in the long-term preven-
tion of CV events in patients with a previous MI
(in the past 1–3 yrs) in the Prevention of Car-
diovascular Events in Patients with Prior Heart
Attack Using Ticagrelor Compared to Placebo
on a Background of Aspirin (PEGASUS-TIMI
54) trial (ClinicalTrials.gov registry number
NCT01225562). The study of ticagrelor is
continuing in other vascular beds as well, such
as in the treatment and secondary prevention of
stroke in the Acute Stroke or Transient Ischae-
mic Attack Treated with Aspirin or Ticagrelor
and Patient Outcomes (SOCRATES) trial
(NCT01994720) and in patients with peripheral
arterial disease in the Examining Use of Ticagre-
lor in PAD (EUCLID) trial (NCT01732822). As
data continue to develop, the complete role of
ticagrelor in patients with atherosclerotic disease
will evolve.
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