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Abstract: Antiplatelet therapy is widely used with proven benefit for the prevention of further
ischemic cardiac complications in patients with acute coronary syndrome. Treatment guidelines
for acute coronary syndrome and percutaneous coronary intervention now recommend the use
of oral antiplatelet agents including ticagrelor, prasugrel, or clopidogrel in combination with
aspirin to comprise dual antiplatelet therapy for the prevention of recurrent ischemic events.
The limitations of conventional antiplatelet therapy with clopidogrel or prasugrel include the
potential for low response to clopidogrel identified through platelet reactivity or genetic testing,
increased risk of bleeding with prasugrel, or slower return to normal platelet activity in patients
who received either prasugrel or clopidogrel prior to emergent or planned surgical procedures.
This review will discuss the pharmacokinetic and pharmacodynamic properties of ticagrelor
in comparison to conventional P2Y , receptor inhibitors and its utility in patients identified as
low responders to clopidogrel. Completed clinical studies and substudies comparing ticagrelor
to clopidogrel and ongoing clinical trials evaluating ticagrelor in acute coronary syndrome
patients will also be reviewed.

Keywords: ticagrelor, antiplatelet, acute coronary syndrome, ST elevation myocardial infarction,
non-ST elevation MI, percutaneous coronary intervention

Introduction

According to the most recent report from the World Health Organization, ischemic
heart disease is the leading cause of death worldwide, accounting for 7.25 million
deaths per year.! Platelets play an important role in the pathophysiology of thrombus
formation and stabilization after an atherosclerotic plaque rupture in conjunction with
acute coronary syndrome.>* The release of adenosine diphosphate and subsequent
stimulation of the platelet via the P2Y , receptor occurs early in this process.* Further
aggregation and activation of platelets occurs via stimulation of other receptors
including glycoprotein IIb/I11a.

Antiplatelet therapy including aspirin, P2Y , inhibitors, and glycoprotein IIb/Illa
inhibitors are widely used with proven benefit for the prevention of further ischemic
cardiac complications in these patients. Treatment guidelines for acute coronary
syndrome (ACS) and percutaneous coronary intervention (PCI) recommend the
use of dual antiplatelet therapy with aspirin in combination with a P2Y , receptor
inhibitor for the prevention of recurrent ischemic events.”'® These guidelines now
include ticagrelor, in addition to prasugrel or clopidogrel, as P2Y , receptor inhibitor
options.> '’ No specific guideline recommends one specific P2Y , receptor inhibitor over
another; however, the European Society of Cardiology guidelines do state that either

submit your manuscript
Dove

http:

Clinical Pharmacology:Advances and Applications 2013:5 67-83 67
© 2013 Davis et al, publisher and licensee Dove Medical Press Ltd. This is an Open Access article
which permits unrestricted noncommercial use, provided the original work is properly cited.


mailto:edavis@creighton.edu
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/CPAA.S41859

Davis et al

Dove

prasugrel or ticagrelor are preferred over clopidogrel due to
their rapid onset of action, greater potency, and superiority
over clopidogrel in large outcome trials.!° The purpose of this
review will be to discuss the most recently approved P2Y ,
receptor inhibitor, ticagrelor, which is the only reversible
agent available in the class.

Methodology

A PubMed search was conducted to identify studies published
from 1950 to November 2012 using the search terms ticagre-
lor, antiplatelet, ACS, myocardial infarction (MI), and PCI.
Clinical outcome studies were limited to those conducted in
adult humans published in English that evaluated the use of
ticagrelor for cardiac indications of ACS (unstable angina
[UA], non-ST elevation MI [NSTEMI], or ST elevation MI
[STEMI]). Similar methodology was used to identify key
pharmacokinetic and pharmacodynamic studies; however,
cardiac indications were expanded to include ACS and
patients with coronary artery disease (CAD). References
of identified articles were reviewed for additional pertinent
articles or meeting abstracts. Ticagrelor was cross-referenced
with the ClinicalTrials.gov database and internet search
engines to determine its investigational clinical study status.
The authors excluded from the review clinical outcome trials
evaluating ticagrelor in patients with stable CAD or other
noncardiac indications.

Pharmacokinetics

Ticagrelor, a reversible P2Y . inhibitor, is highly protein
bound and does not require metabolic activation.!! On
average, the median time to maximum concentration of
ticagrelor is approximately 2 hours for healthy volunteers
and patients with CAD and is slightly extended at 3 hours

for patients with ACS.'>'® The half-life of ticagrelor is
7-8.5 hours and 8.5-10 hours for its main active metabolite
(AR-C124910XX), with excretion through the urine and
feces.'>!* Ingestion of food has a minimal effect on the phar-
macokinetic profile of ticagrelor and its major metabolite,
thus can be taken without regard to meals.!’ Table 1 summa-
rizes the pharmacokinetic and pharmacodynamic properties
of ticagrelor, prasugrel, and clopidogrel.?2

Ticagrelor has been investigated in patients with severe
renal impairment (creatinine clearance < 30 mL/minute) and
was shown to not significantly impact the pharmacokinetic
or dynamic properties of the drug, and therefore no dose
adjustments are required.** Ticagrelor is not currently
recommended for patients undergoing dialysis. Results from
an ongoing study to evaluate the use of ticagrelor in this
patient population should provide information about its use
with hemodialysis.?*

Due to the extensive hepatic metabolism of ticagrelor,
evaluation of the impact hepatic impairment has on the
pharmacokinetics is warranted. A study of patients with
mild hepatic impairment (Child—Pugh Class A) found
increased exposure to both ticagrelor and its major metabo-
lite, but this increase was determined not to be clinically
significant.”® Ticagrelor has not been evaluated in patients
with moderate or severe hepatic impairment, thus its use is
contraindicated.?

Most published pharmacokinetic studies have been com-
pleted in healthy, young, Caucasian male subjects. A study
evaluating the impact of age and gender on the pharma-
cokinetic parameters of ticagrelor found that exposure was
increased in elderly subjects (aged = 65 years) and women,
but these increases were clinically insignificant.?® Studies
are currently ongoing investigating the pharmacokinetic

Table | Pharmacokinetic and pharmacodynamic properties of P2Y , inhibitors ticagrelor, prasugrel, and clopidogrel**

Ticagrelor?® Prasugrel®' Clopidogrel*
Class Triazolopyrimidine Thienopyridine Thienopyridine
Reversible Yes No No
Maintenance dosing Twice daily Once daily Once daily

Prodrug No, active drug
Time to maximum concentration 1.3-2 hours
Time to peak platelet inhibition -2 hours
following loading dose

Half-life 7-8.5 hours
Metabolism CYP3A4/5
Mode of excretion Urine, feces

Yes, one-step process to Yes, two-step process to

get to active metabolite get to active metabolite

30 minutes 30—60 minutes
2—4 hours 4-6 hours
7 hours 6 hours
CYP3A4 (major) CYP2CI9 (major)
CYP2B6 CYP3A4
CYP2C9/2C19 (minor) CYP2B6

CYPIA2
Urine, feces Urine, feces

Abbreviation: CYP, cytochrome P450.
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profile of ticagrelor in Asian, African American, Hispanic,
and American Indian patients.?’!

Drug interactions

Ticagrelor is metabolized by cytochrome P450 3A4
(CYP3A4) and CYP3AS enzymes, with CYP3A4 predomi-
nately responsible for the metabolism of the drug.!'** In vitro
studies indicate that ticagrelor may be a weak inhibitor of
CYP3A4; however, this has not proven to be clinically signifi-
cant.?*¥ Use with strong CYP3A4 inhibitors (eg, ritonavir)
is contraindicated due to the risk of increased exposure.
Coadministration with moderate CYP3A4 inhibitors (eg,
diltiazem) should be used with caution.?® Due to the risk of
decreased exposure and subtherapeutic antiplatelet effects,
the concomitant use of CYP3A4 inducers (eg, rifampin) is
not recommended.? Ticagrelor is also a substrate and weak
inhibitor of P-glycoprotein. Caution should be exercised
with potent inhibitors of P-glycoprotein (eg, quinidine) as
no studies have been completed to evaluate concomitant
administration with ticagrelor. Ticagrelor given in combi-
nation with digoxin led to increased exposure to digoxin
with no change to ticagrelor exposure. Administration of
ticagrelor with P-glycoprotein-dependent drugs with narrow
therapeutic indexes should be carefully monitored.® The
manufacturer recommends administration of ticagrelor with
a low maintenance dose of aspirin, no greater than 100 mg
daily, due to better clinical outcomes seen with lower doses
used in the PLATO (Platelet Inhibition and Patient Outcomes)
trial.>*3 This capped dose of aspirin coupled with health care
providers informing patients about the risk of bleeding, is
mandated by the US Food and Drug Administration’s (FDA)
Risk Evaluation and Mitigation Strategies program.2®

Pharmacodynamics

Ticagrelor has more consistent and increased platelet inhi-
bition as compared to clopidogrel.'® The specifics of the
onset of platelet inhibition and duration of inhibition of both
ticagrelor and clopidogrel were investigated in the ONSET/
OFFSET (A Study of the Onset and Offset of Antiplatelet
Effects Comparing Ticagrelor, Clopidogrel, and Placebo
With Aspirin) study via light transmittance aggregometry
(LTA), VerifyNow® (Accumetrics, San Diego, CA, USA),
and vasodilator-stimulated phosphoprotein phosphorylation
assay in patients with stable CAD. Greater platelet inhibition
was seen 0.5, 1,2, 4, 8, and 24 hours after the loading doses of
each agent and at the end of the maintenance dose phase of the
study at 6 weeks (P < 0.0001 at all time periods). Two hours
following the loading dose, 98% of subjects in the ticagrelor

group had >50% platelet inhibition compared to 31% in
the clopidogrel group and 90% of subjects in the ticagrelor
group had >70% platelet inhibition compared to 16% in the
clopidogrel group (P < 0.0001 for both comparisons). The
study found that the offset of ticagrelor was also more rapid,
with similar platelet inhibition on day three of ticagrelor com-
pared to day five of clopidogrel. Similarly, platelet inhibition
of ticagrelor at day five and clopidogrel at day seven were
similar to placebo.'®

In DISPERSE (Dose Confirmation Study Assessing Anti-
platelet Effects of AZD6140 Versus Clopidogrel in NSTEMI)
and DISPERSE-2, the platelet inhibition of ticagrelor and
clopidogrel were evaluated via optimal aggregometry in
patients with stable atherosclerosis. Ticagrelor exhibited
maximal platelet inhibition 2—4 hours postdose (90%—-95%),
whereas platelet inhibition with clopidogrel was minimal
during this timeframe (60%).! DISPERSE-2 compared
the antiplatelet effect of ticagrelor in patients previously
exposed to clopidogrel and those that were clopidogrel naive.
Ticagrelor produced greater platelet inhibition regardless of
previous exposure to clopidogrel and to an extent similar to
that of the DISPERSE trial .3

The RESPOND (A Study of the Antiplatelet Effects
Comparing Ticagrelor With Clopidogrel Responders
and Nonresponders) study investigated the response to
ticagrelor in patients with stable CAD who were identified
as responders or nonresponders to a 300 mg loading dose
of clopidogrel. Responsiveness was based on adenosine
diphosphate-induced platelet aggregation measured before
and 6-8 hours after the dose. Nonresponders were identified
when the absolute change in platelet aggregation was =10%.
Inhibition of platelet aggregation (via LTA, VerifyNow,
and vasodilator-stimulated phosphoprotein phosphorylation
assay) was significantly greater in nonresponders treated
with ticagrelor compared to clopidogrel (P < 0.05). Platelet
inhibition decreased in patients switched from ticagrelor
to clopidogrel and increased in those switched from clopi-
dogrel to ticagrelor. This was demonstrated with ticagrelor’s
ability to overcome nonresponsiveness to clopidogrel with
a >10%, >30%, and >50% decrease in platelet aggrega-
tion from baseline in 100%, 75%, and 13% of patients,
respectively.'

A PLATO substudy assessed platelet inhibition (via
LTA, VerifyNow, and vasodilator-stimulated phosphoprotein
phosphorylation assay) of ticagrelor compared to clopi-
dogrel in patients with ACS. As with previous studies, #1635
ticagrelor inhibited platelet reactivity to a greater extent
than clopidogrel for both the loading and maintenance dose.
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Proton pump inhibitor (PPI) use resulted in higher platelet
reactivity for clopidogrel (maximum LTA response to
adenosine diphosphate 20 uM with a PPI 55% versus 39%
without a PPI; P = 0.007), whereas there was no effect in
those that received ticagrelor (maximum LTA response with
a PPI 29% versus 27% without a PPI; P = 0.68)."7

The antiplatelet effect of ticagrelor compared to prasu-
grel was evaluated in 55 patients with STEMI undergoing
PCI using the VerifyNow assay and Multiplate® analyzer
(Dynabyte Informationssysteme, Munich, Germany) up to
5 days after randomization.* The authors hypothesized that
ticagrelor would have a faster onset than prasugrel due to
the fact that prasugrel requires metabolic activation, whereas
ticagrelor does not. The primary endpoint of platelet reactiv-
ity at 1 hour did not differ significantly between ticagrelor and
prasugrel (257.3 platelet reaction units [PRU] versus 231.3
PRU; P =0.2) or through hours two, six, and 24. However,
at day five, platelet reactivity was lower with ticagrelor com-
pared to prasugrel (25.6 PRU versus 50.3 PRU; P = 0.01).
Ticagrelor was not superior to prasugrel during the first
24 hours of STEMI and the authors theorized these results
could have been influenced by impaired drug absorption in
the setting of STEMI. The authors caution that the improve-
ment of platelet inhibition at day five with ticagrelor over
prasugrel should not be translated to a reduction in ischemic
events or an increased risk of bleeding episodes.*

Only one pharmacodynamic study has been published
to date directly comparing ticagrelor to prasugrel in ACS
patients identified as having high platelet reactivity while
on clopidogrel following PCI.*” Patients naive to clopidogrel
or on 75 mg maintenance dose for <7 days were given a
600 mg loading dose or not reloaded if they were on clopi-
dogrel for >7 days. Platelet reactivity to clopidogrel was
assessed 24 hours after PCI using the VerifyNow assay.
Patients were identified as having high on-treatment platelet
reactivity (HTPR) when the resulting value was =235 PRU.
This cutoff point has been linked to post-PCI ischemic risk.*®
Patients were then randomized to either ticagrelor 90 mg
twice daily or prasugrel 10 mg daily for 15 days with a
crossover, with no washout period, to the alternate therapy
for another 15 days. Assessments were conducted at 15 days
and 30 days. Platelet reactivity at the end of the two treatment
periods was lower for ticagrelor (32.9 PRU; 95% confidence
interval [CI] 18.7—47.2) compared to prasugrel (101.3 PRU;
95% CI 86.8—115.7) with a least square means difference of
—68.3 PRU (95% CI —-88.6to —48.1; P < 0.001). No ticagre-
lor patients had HTPR at the end of the study compared to
prasugrel (0% versus 2.4%; P=0.5) and no patients in either

group had a major bleeding event. The authors caution that
the HTPR cutoff point that was used has only been evaluated
during therapy with thienopyridines and may differ for treat-
ment with direct-acting P2Y , receptor inhibitors. The study
was also not powered to assess the relationship between the
pharmacodynamic results and clinical outcomes.*’

There are three more platelet reactivity trials analyzing
ticagrelor in ACS*? and five platelet reactivity studies
identifying low responders to clopidogrel prior to therapy
with ticagrelor*® using prospective, randomized control
study designs. The ACS studies evaluating platelet reactivity
alone seek to actively compare it to the intravenous anti-
platelet drug tirofiban in NSTEMIL,* the standard ticagrelor
loading dose to a high loading dose of 600 mg clopidogrel,*!
using either ticagrelor standard loading dose or high loading
dose of clopidogrel in combination with the direct throm-
bin inhibitor bivalidrudin,® or in comparison to prasugrel
in STEMI patients undergoing PCIL.*? Studies evaluating
ticagrelor in ACS patients identified as low responders to
clopidogrel using initial platelet reactivity will compare using
a higher ticagrelor loading dose of 360 mg in STEMI* with
a hyporesponsiveness cutoff value of PRU = 208 or another
comparing ticagrelor to prasugrel using a different hypo-
responsiveness cutoff value as =468 AU/minute through
multiple electrode aggregometry.* One study seeking to
evaluate clinical outcomes at 1 year will enroll PCI patients
with diabetes identified as low responders to clopidogrel with
a hyporesponsiveness cutoff value of PRU = 208 and will
switch them to either ticagrelor or give an additional 300 mg
clopidogrel loading dose and continue maintenance doses
with these agents for 1 year.** Another interesting study
evaluating 1 year clinical outcomes will enroll STEMI
patients undergoing PCI who are then randomized to platelet
reactivity guided modification of therapy compared to stan-
dard dual antiplatelet regimen of standard low-dose aspirin
and clopidogrel 75 mg daily with no on-treatment platelet
reactivity testing.* Patients enrolled in the platelet reactivity
guided group will be assessed for low response to aspirin and
clopidogrel using multiple electrode aggregometry and low
responders to aspirin will receive 200 mg for 30 days and low
response to clopidogrel will receive ticagrelor 90 mg twice
daily for 1 year. Results from these studies using platelet
reactivity testing will help provide more information on the
utility of using these tests in low responders to clopidogrel
and if modification of P2Y , receptor inhibitors may affect
clinical outcomes.

There are other ongoing studies to evaluate what
pleiotropic properties may exist beyond platelet reactivity.
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Ticagrelor will be studied compared to prasugrel or clopi-
dogrel to determine their effects on adenosine-induced coro-
nary vasodilatory response,*’ endothelial function,** effect
on intracoronary electrocardiogram or chest wall motion,*
and even its use in combination with intracoronary morphine
and the effect on infarct size.”!

Pharmacogenomics
A limitation of the conventional thienopyridine P2Y , recep-
tor inhibitors is the fact that both clopidogrel and prasugrel
are prodrugs requiring hepatic metabolism via various
CYP isoenzymes to convert to their active metabolites.**
In particular, clopidogrel requires a two-step process for
hepatic metabolism, in which the CYP2C19 isoenzyme is
responsible for more than half of the first-step formation.
There are at least three major genetic polymorphisms of
the CYP2C19 isoenzyme. CYP2C19*1 corresponds to
normal function metabolism and CYP2C19*2 and *3
are loss-of-function alleles accounting for 85% and 99%
of reduced function alleles in Caucasians and Asians,
respectively.>*>52 A patient with two loss-of-function alleles
is referred to as a “poor metabolizer.” Package labeling for
clopidogrel was updated to include a boxed warning inform-
ing health care providers of its potential for diminished
effectiveness and risk for higher cardiovascular event rates
in poor metabolizers of CYP2C19 isoenzyme. It states that
genotyping is available and alternative treatment or treatment
strategies could be considered in those identified as CYP2C19
poor metabolizers.?> The American College of Cardiology
Foundation and American Heart Association (AHA) also
released a clopidogrel clinical alert statement addressing the
FDA’s boxed warning and emphasized that clinicians must
be aware that genetic variability in CYP enzymes can alter
clopidogrel metabolism, affecting its inhibition of platelet
function, and clinical outcomes. However, similar to the
FDA, they did not mandate or require genetic testing to
allow for flexibility in clinical decisions. They suggest that
genetic testing could be used in patients at moderate or high
risk for poor outcomes (ie, undergoing elective, high-risk PCI
procedure) to determine if the patient is a poor metabolizer
and may not benefit from clopidogrel.>

Prasugrel requires a single CYP-dependent step for
conversion to its active metabolite predominantly through
CPY3A4 and CYP2B6, thus not impacting patients with
CYP2C19 polymorphisms.** Observational studies have dem-
onstrated no significant decrease in plasma concentrations of
prasugrel or platelet inhibition activity in carriers of at least
one loss-of-function allele of the CYP2C19 isoenzyme.>>

Ticagrelor does not require transformation to an active
metabolite and thus would avoid any loss of platelet inhibi-
tion activity that could be present in the presence of a loss-
of-function CYP2C19 allele.

The AHA NSTEMI/UA guidelines give a Class IIb rec-
ommendation to consider platelet function testing to deter-
mine platelet inhibitory response when on P2Y  inhibitor
therapy or genotyping for CYP2C19 loss-of-function variant,
but only if the results of the testing may alter management of
therapy.’ The AHA PCI guidelines give a Class IIb recom-
mendation to consider genetic testing to identify a patient
who may be predisposed to inadequate platelet inhibition
with clopidogrel and consider using an alternative P2Y ,
inhibitor such as prasugrel or ticagrelor.®

There are three genetic studies underway to evaluate
ticagrelor in ACS patients.”’*° One study seeks to enroll
patients identified with both HTPR using standard-dose
clopidogrel and with a loss-of-function allele CYP2C19%*2
and assign them to standard maintenance doses of ticagre-
lor or prasugrel or higher maintenance dose of clopidogrel
150 mg daily for 1 month and evaluate platelet reactivity
and major cardiac outcomes.’” Another study will evaluate
the utility of genetic testing, in which the control group
will have no genetic testing done and receive conventional
therapy with clopidogrel compared to the intervention
group utilizing genetic testing to identify those with or
without two loss-of-function alleles (CYP2C19*2 and *3);
the loss-of-function cohort will switch to ticagrelor and
evaluate major cardiac outcomes at 1 year.>® One last study
similarly seeks to evaluate the utility of genetic testing
where the control group receives no genetic testing and
standard therapy of ticagrelor, prasugrel, or clopidogrel
at the physician’s discretion compared to an algorithm-
based modification of P2Y , receptor inhibitor therapy
based on genetic testing identifying loss-of-function alleles
CYP2C19*2 or ABCB-1 C.%® The study protocol states
that ABCB-1 C carriers have been found to have reduced
clopidogrel absorption and higher risk for ischemic adverse
events if treated with clopidogrel. The study does not
publish the phenotype—genotype P2Y , algorithm; how-
ever, patients are maintained on their antiplatelet therapy
for 1 year when platelet reactivity and major cardiac and
bleeding outcomes will be evaluated. These studies will
help provide further information on the utility of genetic
testing and even the utilization of the combination of
genetic testing and HTPR identified through point-of-care
assays in the potential for more personalized medical use
of P2Y , inhibitors.
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Ticagrelor was evaluated in an early prospective, randomized,
double-blind, Phase II DISPERSE-2 study in 990 patients
with NSTEMI (Table 2).° Participants were randomized to
ticagrelor 90 mg twice daily, 180 mg twice daily, or clopi-
dogrel 300 mg followed by 75 mg daily for up to 3 months.
Patients in the ticagrelor group were also randomized to
receive a 270 mg loading dose of ticagrelor or no loading
dose. The primary objective was to assess the safety and
tolerability of ticagrelor versus clopidogrel in addition to
aspirin. The primary endpoint was major and minor bleed-
ing through 4 weeks. Major and minor bleeding was 8.1%
for clopidogrel, 9.8% for ticagrelor 90 mg, and 8.0% for
ticagrelor 180 mg (P =0.43 and P=0.96, respectively, versus
clopidogrel). Major bleeding rates were 6.9% for clopidogrel,
7.1% for ticagrelor 90 mg, and 5.1% for ticagrelor 180 mg
(P =0.91 and P = 0.35, respectively, versus clopidogrel).
There were also nonsignificant favorable trends for decreased
rates of MI in the ticagrelor group (5.6% for clopidogrel,
3.8% for ticagrelor 90 mg, and 2.5% for ticagrelor 180 mg;
P =0.41 and P = 0.06, respectively, versus clopidogrel).
Nonhemorrhagic adverse effects were comparable between
clopidogrel, ticagrelor 90 mg, and ticagrelor 180 mg except
for differences in rates of dyspnea, diarrhea, hypoten-
sion, and asymptomatic ventricular pauses = 2.5 seconds.
Specifically, the rate of dyspnea was significantly higher for
ticagrelor 180 mg compared to clopidogrel (15.8% versus
6.4%; P < 0.002) as was the incidence of ventricular pauses
with ticagrelor 180 mg compared to clopidogrel (7.9% versus
4.3%; P = 0.14). Ticagrelor 90 mg twice daily had similar
efficacy and safety compared to clopidogrel while ticagrelor
180 mg twice daily had worse safety compared to clopidogrel.
Thus, the dose of ticagrelor 90 mg twice daily was pursued
further in clinical development.

PLATO study

The most published clinical outcome study to date with
ticagrelor was the PLATO trial (Table 2).>> This was a pro-
spective, randomized, double-blind, double-dummy Phase 111
study that evaluated the effect of ticagrelor (180 mg loading
dose and then 90 mg twice daily) compared to clopidogrel
(300-600 mg loading dose then 75 mg daily) for 6-12 months
in 18,624 ACS patients.*? Ticagrelor was superior to clopi-
dogrel with a significant reduction in the primary composite
endpoint of death from vascular causes, MI, or stroke (9.8%
versus 11.7%; hazard ratio [HR] 0.84; 95% CI 0.77-0.92;
P < 0.001). In addition, the study found that the ticagrelor

group had significantly lower rates of MI alone (5.8% versus
6.9%; HR 0.85;95% CI10.75-0.95; P=0.005), death from vas-
cular causes (4.0% versus 5.1%; HR 0.79; 95% CI1 0.69—0.91;
P =0.001), and all cause mortality (4.5% versus 5.9%; HR
0.78; 95% CI1 0.69-0.89; P < 0.001) compared to clopidogrel.
However, the rate of stroke was similar between the two groups
(1.5% ticagrelor versus 1.3% clopidogrel; HR 1.17; 95% CI
0.91-1.52; P = 0.22). The PLATO trial utilized two defini-
tions of bleeding, both thrombolysis in MI (TIMI) and trial-
specific PLATO bleeding, which captured more events than
TIMI bleeding. There was no difference in the primary safety
endpoint of major PLATO bleeding between ticagrelor and
clopidogrel (11.6% versus 11.2%; HR 1.04; 95% C1 0.95-1.13;
P = 0.43). Ticagrelor patients did experience more major
PLATO bleeding unrelated to coronary artery bypass graft
(CABG) when compared to clopidogrel (4.5% versus 3.8%;
HR 1.19; 95% CI 1.02—1.38; P =0.03). The ticagrelor group
also had more fatal intracranial bleeding events (0.1% versus
0.01%; P = 0.02) than the clopidogrel group. The ticagrelor
group also had numerically more intracranial bleeding events,
but it was statistically nonsignificant (0.3% versus 0.2%; HR
1.87; 95% CI 0.98-3.58; P = 0.06). Major and minor bleed-
ing combined was also greater in the ticagrelor group (16.1%
versus 14.6%; HR 1.11; 95% CI 1.03—1.20; P = 0.008). The
ticagrelor group also experienced significantly more dyspnea
(13.8% versus 7.8%; HR 1.84; 95% CI 1.69-2.02; P < 0.001)
leading to a higher discontinuation rate in the ticagrelor group
than the clopidogrel group (0.9% versus 0.1%; HR 6.12; 95%
CI 3.41-11.01; P < 0.001). Ticagrelor was also associated
with significantly more ventricular pauses (=3 seconds) dur-
ing the first week of therapy (5.8% versus 3.6%; P = 0.01);
however, this difference dissipated at 30 days (2.1% versus
1.7%; P = 0.52). Analysis of other safety endpoints found
that ticagrelor was associated with a rise in serum uric acid at
1 month (14.7% versus 7%; P < 0.001) and 12 months (15%
versus 7%; P < 0.001), which dissipated 1 month after the end
of treatment. Similarly, ticagrelor was associated with a rise
in serum creatinine at 1 month (10% versus 8%; P < 0.001)
and 12 months (11% versus 9%; P < 0.001), which dissipated
1 month after the end of treatment. Another unusual adverse
effect described in the complete response review document to
the FDA was a low but significant increase in the frequency
of gynecomastia in men taking ticagrelor compared to clopi-
dogrel (0.23% versus 0.05%; relative risk 4.6).%' The use of
spironolactone could have confounded these cases and no firm
conclusions could be made regarding the increased frequency,
thus it was recommended in the report that this be included as
a labeled adverse effect.?¢!
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PLATO substudies

Multiple substudies have been conducted looking at the safety
and efficacy of ticagrelor compared to clopidogrel utilizing
data acquired from the PLATO trial. Such analyses have
looked at the effect of ticagrelor based on specific popula-
tions of patients. These populations included patients that
underwent planned invasive cardiac strategies, noninvasive
medical management, presenting with STEMI, undergoing
CABG, with renal dysfunction, medical history of diabetes,
stroke/transient ischemic attack (TIA), =75 years of age, and
by geographic location. Substudies were also conducted to
evaluate the side effects of dyspnea and ventricular pauses.

Ticagrelor was shown to be more effective and as safe as
clopidogrel in 6732 patients who received a planned invasive
cardiac strategy (PCI or CABG surgery) during the PLATO
trial.® Significantly fewer ticagrelor patients experienced
the primary efficacy endpoint of the composite of the rate of
death from cardiovascular causes, MI, or stroke compared to
those assigned to clopidogrel (9% versus 10.7%; HR 0.84;
95% CI10.75-0.94; P=0.0025). Similar to the overall mortal-
ity benefit found in the entire PLATO population, ticagrelor
significantly reduced the risk of all cause death (3.4% versus
4.3%; HR 0.82; 95% CI 0.68-0.98; P=0.0103) and cardio-
vascular death (3.9% versus 5%; HR 0.82; 95% CI 0.68—0.98;
P =0.025) compared to clopidogrel. Furthermore, the ticagre-
lor group experienced similar rates of Global Use of Strate-
gies to Open Occluded Coronary Arteries (GUSTO) severe
bleeding (2.9% versus 3.2%; HR 0.91; 95% CI 0.74-1.12;
P =0.3785) and total major bleeding (11.5% versus 11.6%;
HR 0.99; 95% CI 0.89-1.10; P = 0.8803) compared to the
clopidogrel group.

The subpopulation of 3143 PLATO patients undergoing
noninvasive strategies for the management of ACS was also
analyzed.* In this population, again similar beneficial results
were found using ticagrelor where it significantly reduced
all-cause mortality (6.1% versus 8.2%; HR 0.75; 95% CI
0.61-0.93; P = 0.01) and fewer patients experienced the
primary efficacy endpoint (12% versus 14.3%; HR 0.85;
95% CI 0.73—1; P = 0.04) compared to clopidogrel. There
were no differences between ticagrelor and clopidogrel com-
paring total major (11.9% versus 10.3%; HR 1.17; 95% CI
0.98-1.39; P=0.08) and non-CABG-related major bleeding
(4% versus 3.1%; HR 1.30; 95% CI 0.95-1.77; P =0.10).

There were significant beneficial differences in
secondary outcomes favoring ticagrelor over clopidogrel
in 7544 participants who were found to have a STEMI in
the PLATO trial.** In this subpopulation, ticagrelor reduced
the secondary composite endpoint of cardiovascular death

and MI (8.4% versus 10.2%; HR 0.82; 95% CI 0.71-0.96;
P =0.01) and the composite of all arterial thrombotic events
(13.3% versus 15%; HR 0.87; 95% CI 0.77-0.99; P = 0.03)
compared to clopidogrel. No differences were found between
the two medications related to the primary composite efficacy
endpoint or major bleeding outcomes.

A small number of participants (n = 1899) underwent
CABG surgery during the PLATO trial.% Patients receiving
ticagrelor were required to discontinue it =24—72 hours prior
to surgery, and those receiving clopidogrel were required to
discontinue it =5 days prior to CABG. Results from this
subpopulation demonstrated a clinical but nonsignificant
reduction in the primary efficacy outcome for those partici-
pants assigned to ticagrelor (10.6%) compared to clopidogrel
(13.1%) (HR 0.84; 95% CI 0.60-1.16; P = 0.29). However,
the study found a 51% reduction in the risk of overall mor-
tality using ticagrelor compared to clopidogrel (4.7% versus
9.7%; HR 0.49; 95% CI 0.32-0.77; P < 0.01) and 48%
reduction in the risk of cardiovascular death (4.1% versus
7.9%; HR 0.52; 95% CI 0.32-0.85; P < 0.01). There was
no difference in surgery-related bleeding and major bleed-
ing overall between the treatment arms. Varenhorst et al
conducted an additional investigation into the mortality data
from this subanalysis.® Subclassification of vascular deaths
and nonvascular deaths from this trial were independently
categorized by two blinded reviewers for the ticagrelor and
clopidogrel treatment groups. A total of 58 patients assigned
to clopidogrel and 29 patients assigned to ticagrelor died after
post-CABG randomization. Overall, clopidogrel patients
were found to experience significantly more vascular deaths
than their ticagrelor counterparts (P < 0.0092). Additionally,
patients assigned to clopidogrel had more nonvascular
infection-related deaths than participants in the ticagrelor
treatment group up to 12 months post-CABG (clopidogrel
2.9% versus ticagrelor 1%; HR 0.36; 95% CI1 0.14-0.93). The
authors concluded that the differences observed with the use
of ticagrelor could be explained by the medication’s rapid
offset of platelet inhibitory effect as well as better regulation
of platelet activation in septic patients.*

Two substudies of PLATO using ticagrelor in patients
with underlying renal dysfunction®” and diabetes®®
were also investigated. The first of these subanalyses
looked at the efficacy and safety of ticagrelor versus
clopidogrel in 3237 participants with an estimated creatinine
clearance < 60 mL/minute. Ticagrelor demonstrated
improved efficacy over clopidogrel in the reduction of the
primary composite efficacy outcome (17.3% versus 22%;
HR 0.77; 95% CI1 0.65-0.90; P < 0.05) and overall mortality
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Table 2 Completed ticagrelor clinical outcome studies

32,60

Reference, study acronym,
phase of clinical trial

Population, trial design,
number of patients

Comparison groups,
duration

Composite efficacy endpoint

Cannon et al®®
DISPERSE-2, phase Il

Wallentin et al*2
PLATO, phase lll

NSTEMI

P, R, DB, AC

(n=990)

Ticagrelor 90 mg (n = 324),
ticagrelor 180 mg (n = 323),
clopidogrel 75 mg (n = 327)

ACS- NSTEMI 59%,
STEMI 38% (invasive
and noninvasive)

P, R, DB, AC, DD
(n=18,624)
Ticagrelor (n = 9333),
clopidogrel (n = 9291)

Ticagrelor 90 mg or 180 mg
twice daily vs clopidogrel
300 mg LD then 75 mg daily
All patients received ASA
up to 325 mg initially,

then 75-100 mg daily +
GPIIb/llla inhibitor
Ticagrelor pts were sub-
randomized to receive
1270 mg LD of ticagrelor

I, 2, or 3 months

Ticagrelor 180 mg LD,
then 90 mg twice daily vs
clopidogrel 300-600 mg
LD, then 75 mg daily

Pts undergoing PClI after
randomization received an
additional dose of 300 mg
clopidogrel at investigator’s
discretion or ticagrelor
90 mg if PCI > 24 hours
post randomization

All pts received

ASA daily; if naive to

ASA, then 325 mg load

12 months

Secondary endpoint: composite CV death/
Ml/stroke at 4 weeks: ticagrelor 180 mg
1.9% (P =0.17 vs clopidogrel); ticagrelor
90 mg 4.3% vs clopidogrel 3.8%

(P=0.71)

Composite CV death/Ml/stroke at

12 weeks: ticagrelor 180 mg 3.5%

(P =0.12 vs clopidogrel); ticagrelor

90 mg 6% vs clopidogrel 6.2%

(P=10.90)

Primary: composite endpoint of death

from vascular causes, Ml, or stroke:
ticagrelor 9.8% vs clopidogrel I11.7%

(HR 0.84; 95% Cl 0.77-0.92; P < 0.001)
Secondary: composite endpoint of death
from any cause, Ml, or stroke: ticagrelor
10.2% vs clopidogrel 12.3% (HR 0.84;

95% Cl10.77-0.92; P < 0.001)

Composite endpoint of death from

vascular causes, M, stroke, severe recurrent
ischemia, TIA, or other arterial thrombotic
event: ticagrelor 14.6% vs clopidogrel 16.7%
(HR 0.88; 95% Cl 0.81-0.95; P < 0.001)
Composite endpoint of death from any
vascular causes, Ml, or stroke in pts whom
invasive treatment was planned: ticagrelor
8.9% vs clopidogrel 10.6% (HR 0.84;

95% Cl 0.75-0.94; P = 0.003)

Abbreviations: AC, active control; ACS, acute coronary syndrome; ASA, aspirin; CABG, coronary artery bypass grafting; Cl, confidence interval; CV, cardiovascular; CVA,
cerebral vascular accident; DB, double-blind; DD, double dummy; DISPERSE 2, Dose Confirmation Study Assessing Antiplatelet Effects of AZD6140 Versus Clopidogrel
in Non-ST Elevation Myocardial Infarction-2; GPIIb/llla, glycoprotein lIb/llla inhibitor; HR, hazard ratio; LD, loading dose; MI, myocardial infarction; NR, not reported;
NSTEMI, non-ST elevation myocardial infarction; P, prospective; PCl, percutaneous coronary intervention; PLATO, Platelet Inhibition and Patient Outcomes; pts, patients;
R, randomized; STEMI, ST elevation myocardial infarction; TIA, transient ischemic attack; vs, versus.

(10% versus 14%; HR 0.72; 95% CI 0.58-0.89; P < 0.05).
The renal substudy did not analyze further outcomes as they
related to specific medication therapy. However, significantly
more patients with creatinine clearance < 60 mL/minute
were on angiotensin-converting enzyme (ACE) inhibitor or
angiotensin II receptor blocker (ARB) therapy on arrival.
The complete response review submitted to the FDA for
ticagrelor included an analysis based on concomitant ACE
inhibitor or ARB therapy.®' The report further analyzed renal
adverse events and found that a higher proportion of patients
on concomitant ticagrelor—ARB therapy had >50% increases
in serum creatinine (11.2% versus 7.1%), renal related adverse
events (6.5% versus 4.3%) and renal function adverse events
(4.5% versus 2.8%) compared to clopidogrel-ARB patients.
Concomitant ACE inhibitor therapy had higher rates of patients

with >50% increases in serum creatinine in both ticagrelor
and clopidogrel groups, but not to the same extent as patients
receiving concomitant ARBs.*'*° Despite this information from
the complete response review report to the FDA, the package
labeling for ticagrelor specifies that no dosage adjustment
is needed for patients with renal impairment, nor does it
specify any drug interaction with ARBs or ACE inhibitors.?
In the substudy of 4662 patients with diabetes, those subjects
assigned to ticagrelor with hemoglobin A, above the median
(6%) were found to have a significantly reduced primary
composite efficacy endpoint (HR 0.80; 95% CI 0.70-0.91),
decreased all-cause mortality (HR 0.78; 95% CI 0.65-0.93),
and reduced stent thrombosis (HR 0.62; 95% CI 0.39-1.0).%8
It should be noted that no differences were found in bleeding
outcomes in patients with kidney disease or diabetes.®”%
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Mortality MI CVA Stent Bleeding
thrombosis
Any cause: 4 weeks: ticagrelor 4 weeks: ticagrelor 4 weeks: ticagrelor NR Primary endpoint: major or minor

180 mg 1% (P = 0.64 vs clopidogrel);
ticagrelor 90 mg 1.9% vs clopidogrel
0.6% (P=0.18)

12 weeks: ticagrelor 180 mg 1.7%
(P =0.72 vs clopidogrel); ticagrelor
90 mg 2.4% vs clopidogrel 1.3%
(P=0.38)

CV cause: 12 weeks: same as any
cause results at 4 weeks

12 weeks: ticagrelor 180 mg 1.7%
(P =0.72 vs clopidogrel); ticagrelor
90 mg 1.9% vs clopidogrel

1.3% (P =0.54)

Any cause: ticagrelor 4.5% vs
clopidogrel 5.9% (HR 0.78; 95% Cl
0.69-0.89; P < 0.001)

Vascular causes: ticagrelor 4% vs

180 mg 1% (P =0.047

vs clopidogrel); ticagrelor
90 mg 2.2% vs clopidogrel
3.5% (P =0.34)

12 weeks: ticagrelor

180 mg 1% (P =0.047

vs clopidogrel) ticagrelor
90 mg 2.2% vs clopidogrel
3.5% (P =0.34)

Ticagrelor 5.8% vs
clopidogrel 6.9%
(HR 0.84; 95% CI
0.75-0.95; P = 0.005)

180 mg 0% (P =0.99
vs clopidogrel);
ticagrelor 90 mg
0.6% vs clopidogrel
0.3% (P=0.57)

12 weeks: same
results at 4 weeks

Ticagrelor 1.5%

vs clopidogrel 1.3%
(HR 1.17;95% CI
0.91-1.52; P=0.22)

Definite: ticagrelor
1.3% vs clopidogrel

bleeding at 4 weeks: ticagrelor

180 mg 8% (P = 0.96 vs clopidogrel);
ticagrelor 90 mg 9.8% vs clopidogrel
8.1% (P =0.43)

Major bleeding at 4 weeks:
ticagrelor 180 mg 5.1% (P =0.35 vs
clopidogrel); ticagrelor 90 mg 7.1%
vs clopidogrel 6.9% (P =0.91)

Major or minor bleeding at 12
weeks: ticagrelor 180 mg 11.4%

(P =0.72 vs clopidogrel); ticagrelor
90 mg 10.9% vs clopidogrel

9.9% (P =0.62)

PLATO major bleeding: ticagrelor
11.6% vs clopidogrel 11.2% (HR

clopidogrel 5.1% (HR 0.79; 95% CI
0.69-0.91; P=0.001)

1.9% (HR 0.69; 1.04; 95% C1 0.95—1.13; P = 0.43)
95% C1 0.50-0.91; PLATO major bleeding not related
P =0.009) to CABG: ticagrelor 4.5% vs

clopidogrel 3.8% (P =0.03)

Fatal intracranial bleeding:
ticagrelor 0.1% vs clopidogrel 0.01%
(P=0.02)

A population subanalysis was conducted in PLATO patients
with or without a previous history of stroke/TIA.” Compared
to the rest of the PLATO study population, patients with
a history of stroke/TIA (n = 1152) had higher rates of MI
(11.5% versus 6%, adjusted HR 1.92; 95% CI 1.59-2.33;
P < 0.0001), death (10.5% versus 4.9%; adjusted HR 2.18;
95% CI 1.79-2.66; P < 0.0001), stroke (3.4% versus 1.2%;
adjusted HR 2.90; 95% CI 2.03-4.14; P < 0.0001), and
intracranial bleeding (0.8% versus 0.2%; adjusted HR 3.95;
95% CI 1.82-8.55; P=0.0005). A significant reduction in all-
cause mortality at 1 year was found in those patients receiving
ticagrelor compared to clopidogrel (7.9% versus 13%; HR
0.62; 95% CI 0.42-0.91). However, the primary composite
efficacy outcome and PLATO-defined bleeding rates were
found to be similar to the PLATO trial as a whole.

An evaluation of elderly patients (defined as =75 years
of age; n = 2878) was conducted from the PLATO trial
data.”’ No clinical benefit was demonstrated with the use
of ticagrelor when compared to clopidogrel in reduction
of the primary efficacy endpoint (17.2% versus 18.3%;
HR 0.89; 95% CI 0.74—1.08). A numerical absolute reduc-
tion in all-cause mortality was observed in elderly patients
who received ticagrelor treatment compared to clopidogrel
(2.6% versus 1.2%; P = 0.99). No differences were found
in PLATO-derived major bleeding outcomes comparing
ticagrelor to clopidogrel (14.2% versus 13.5%; HR 1.02;
95% CI 0.82—1.27). It should be noted that the elderly
population assigned to ticagrelor had a greater propensity
to experience adverse drug effects including dyspnea and
ventricular pauses.
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Finally, Mahaffey et al conducted a PLATO subgroup
analysis looking at geographic region and clinical outcomes
in patients assigned to ticagrelor and clopidogrel. Two
independent statistical groups evaluated 37 prespecified
baseline and postrandomization factors from the PLATO trial
and found a significant interaction between treatment and
region (P = 0.045), with North American participants (US
and Canada) demonstrating a nonsignificant trend towards an
unfavorable treatment effect with ticagrelor for the primary
endpoint (HR 1.25; 95% CI 0.93—1.67) compared to a favor-
able outcome in the other regions combined.’>* Out of the
baseline and postrandomization factors, the dose of aspirin
taken concomitantly with ticagrelor was the only accounting
factor found to explain the geographic differences observed
in the PLATO trial. Landmark techniques and Cox regression
with median maintenance dose analysis were conducted on the
data and it was confirmed that ticagrelor taken in conjunction
with low-dose maintenance aspirin (defined as =100 mg/day)
yielded better treatment outcomes compared with clopi-
dogrel than those participants taking high-dose maintenance
(=300 mg/day) aspirin combined with ticagrelor. Over half
of the participants in the US (53.6%) took a median dose
of aspirin = 300 mg/day compared to the rest of the world
(1.7%). A hypothesis involving greater inhibition of prostacy-
clin, which is known to reduce platelet reactivity, with higher
aspirin doses was postulated to attenuate the treatment effects
of ticagrelor. Without a strong biological justification for the
exact mechanism of this interaction, the authors concluded
that chance alone could not be ruled out in describing the
geographic discrepancies observed in the trial results.?3 The
geographic differences in efficacy observed in the PLATO trial
was one of the reasons for initial delay in FDA approval of
ticagrelor in 2010 pending further investigation. Results from
the geographic subanalysis led the FDA to include a boxed
warning to health care professionals and patients warning that
maintenance doses of aspirin > 100 mg per day reduce the
effectiveness of ticagrelor and should be avoided.”

Additional assessment of the side effect of dyspnea
with ticagrelor was further evaluated from the PLATO and
ONSET/OFFSET study populations.”’* A substudy to evalu-
ate the long-term effect of ticagrelor on various pulmonary
function parameters was conducted on 199 patients enrolled
in the PLATO trial.” The study found no differences between
ticagrelor and clopidogrel for any pulmonary function
parameters after a mean treatment duration of 31 days, end
of treatment (mean 211 days), and after the study drug was
discontinued (mean 32 days after the last dose). The authors
noted that a limitation to their substudy was the exclusion of

patients with advanced lung disease; however, patients with
a history of congestive heart failure and pulmonary disease
were included in the main PLATO study with no specific
safety concerns identified. The same lead author sought to
describe the incidence of dyspnea and its association with
demographic characteristics and clinical outcomes from
the PLATO study population.” Overall, significantly more
patients randomized to ticagrelor reported dyspnea at any
point during the study compared to the clopidogrel group
(14.5% versus 8.7%; P < 0.001). Of these cases, only 0.4%
receiving ticagrelor and 0.3% receiving clopidogrel were
of severe intensity. The median onset of the symptoms of
dyspnea from the start of therapy was seen earlier with
ticagrelor compared to clopidogrel (23 days versus 43 days;
P < 0.0001). More patients receiving ticagrelor discontinued
the medication due to dyspnea compared to clopidogrel (5.9%
versus 1.6%; P < 0.0001) representing 0.9% and 0.1% of
treated patients, respectively. The incidence of the primary
composite endpoint in patients reporting dyspnea was greater
compared with those not reporting dyspnea in both ticagrelor
and clopidogrel groups, primarily due to a higher incidence of
MI. After exclusion of patients with dyspnea following MI,
ticagrelor showed favorable trends for mortality compared
to clopidogrel, similar to the overall PLATO results. Further
analysis of those patients who experienced dyspnea in the
first 30 days found the rate of MI after 30 days were similar
between both ticagrelor- and clopidogrel-treated groups,
while cardiovascular death and total mortality rates were sig-
nificantly lower in the ticagrelor-treated patients. Therefore,
the authors concluded that there was not any loss of treat-
ment effect in ticagrelor-treated patients who experienced
dyspnea from their post hoc analysis.”” A subanalysis from
the ONSET/OFFSET study population of CAD patients also
found significantly higher rates of dyspnea with ticagrelor
compared to clopidogrel or placebo, which typically occurred
during the first week of therapy, were mild in intensity, and
most cases resolved following discontinuation of the drug.”
Three patients who were taking ticagrelor discontinued treat-
ment as a result of the dyspnea compared to none who were
taking clopidogrel or placebo. Assessment of pulmonary
function tests after 6 weeks were not significantly affected
in these CAD patients receiving ticagrelor.”* Discussion
from the manufacturer’s complete response review report to
the FDA also noted that dyspnea was increased in patients
on concomitant ticagrelor—ARB compared to clopidogrel—
ARB patients (21.4% versus 9.9%); however, this inter-
action was not included in any package labeling.?%61:¢
While the mechanism for ticagrelor-related dyspnea has
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not been clearly elucidated, a popular hypothesis is that
ticagrelor inhibits adenosine reuptake and thereby increases
extracellular adenosine concentrations. Exogenous adenosine
administration is known to cause dyspnea, perhaps through
activation of A1 receptors and resulting stimulation of pul-
monary vagal C fibers.” Further investigation is required
to explore this hypothesis and search for other potential
mechanisms. The current labeling for ticagrelor includes a
warning for prescribers to inform patients of the possible
side effect of shortness of breath.

The adverse effect of ventricular pauses was found from
the DISPERSE trial, therefore a substudy was conducted for
2866 patients enrolled in the PLATO trial who underwent
continuous electrocardiograph monitoring to analyze whether
the pauses were associated with any bradycardiac events.”
From the PLATO trial, significantly more patients receiv-
ing ticagrelor experienced ventricular pauses = 3 seconds;
however, these occurred less frequently at 1 month and
were similar between ticagrelor and clopidogrel. Most were
asymptomatic, sinoatrial in origin, and nocturnal. There were
no differences between ticagrelor and clopidogrel in the
incidence of clinically reported bradycardiac adverse events
including syncope, pacemaker placement, and cardiac arrest
during the entire study duration (median 277 days).”

Ongoing clinical outcome studies

of ticagrelor in ACS

A Phase 1V, prospective, randomized, double-blind study
will be conducted in 1770 patients to determine the efficacy
and safety of prehospital versus in-hospital initiation of
ticagrelor in STEMI patients planned for PCIL.”” Patients will
receive ticagrelor 180 mg loading dose either in the field or
at the hospital followed by 90 mg twice daily for 30 days.
The primary outcome measures are TIMI flow Grade III
of MI culprit vessel at initial angiography and ST-segment
resolution up to pre-PCI = 70%. This study is expected to
be complete by May 2013.

A prospective, randomized, double-blind, double-dummy,
Phase III study is being conducted in 800 Asian/Japanese
patients to assess the safety and efficacy of ticagrelor for
ACS.*® Patients will be randomized to ticagrelor 90 mg
twice daily versus clopidogrel 75 mg daily in addition to
aspirin. The primary outcomes are time to first total major
bleeding event up to 12 months and time to first occurrence
of event from the composite of death from vascular causes,
MI, and stroke up to 12 months. This study was expected to
be completed in July 2012; however, no results have been
published for this study yet.

Another ongoing prospective, randomized study will
evaluate the use of either 6 months or 12 months of dual
antiplatelet therapy with ticagrelor and aspirin in STEMI
patients who have received a drug-eluting stent.” Patients in
the 6-month group will continue aspirin alone for a further
6 months and major clinical outcomes will be assessed at
time periods up to 18 months after randomization. The study
plans to enroll 1100 patients with an expected completion
date by December 2013.

There are two ongoing clinical outcome studies evalu-
ating specific types of drug-eluting stents (everolimus- or
zotarolimus-eluting) using any P2Y , receptor inhibitor of
ticagrelor, prasugrel, or clopidogrel for 612 months based
on risk.”%

Meta-analyses including ticagrelor
Three meta-analyses have been conducted that include
ticagrelor studies in their evaluation.’** One meta-analysis
compared prasugrel to ticagrelor combining the results from
three trials in 32,893 patients.?! Not surprisingly, the authors
found that either prasugrel or ticagrelor were superior to
clopidogrel for 12-month risk of death, MI, or stroke (odds
ratio [OR] 0.83; 95% CI 0.77-0.89; P < 0.001), death
(OR 0.83; 95% CI 0.74-0.93; P = 0.001), MI (OR 0.79;
95% CI 0.73-0.86; P < 0.001), and stent thrombosis (OR
0.61; 95% CI1 0.51-0.74; P < 0.001). They found no differ-
ence between the agents for stroke or major bleeding but a
significant increase in drug discontinuation for prasugrel
and ticagrelor (OR 1.12; 95% CI 1.05-1.19; P < 0.001).
Comparison of prasugrel versus ticagrelor found no sig-
nificant differences in death, MI, stroke, or their combined
composite. Prasugrel, when compared to ticagrelor, was
associated with a decrease in stent thrombosis (OR 0.64; 95%
CI1 0.43-0.93; P =0.020). Ticagrelor was associated with a
significantly lower risk of any major bleeding (OR 1.43; 95%
CI1.10-1.85; P=0.007) and major bleeding associated with
bypass grafting (OR 4.30; CI 1.73-10.6; P = 0.002). Major
bleeding not related to bypass surgery was similar between
the two agents (OR 1.06; 95% CI 0.77-1.45; P =0.34).

A second meta-analysis of seven randomized ACS trials
in 58,591 patients was conducted to determine differences
in ischemic and bleeding complications between standard-
dose clopidogrel (300 mg loading dose and 75 mg daily)
compared to the newer antiplatelet regimens (600 mg loading
dose clopidogrel, ticagrelor, or prasugrel).®? Similar to the
previous meta-analyses, newer antiplatelet regimens signifi-
cantly reduced mortality (2.9% versus 3.4%; OR 0.87; 95%
CI10.79-0.95; P =0.002), recurrent MI (4.2% versus 5.2%;
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OR 0.80; 95% CI1 0.74-0.87; P < 0.0001), and definite stent
thrombosis (0.9% versus 1.7%; OR 0.52; 95% CI1 0.43-0.63;
P < 0.0001) compared to standard-dose clopidogrel. Newer
antiplatelet regimens were not associated with an increase in
major bleeding complications (5% versus 4.7%; OR 1.06;
95% C10.96-1.17; P =0.25).

A third meta-analysis was conducted evaluating fourteen
randomized trials evaluating prasugrel, ticagrelor, and high-
or standard-dose clopidogrel in 48,982 patients scheduled
for PCL.¥ The largest cohorts of patients included in the
meta-analysis were from the PLATO (comparing ticagrelor
to standard-dose clopidogrel), TRITON-TIMI 38 (Trial to
Assess Improvement in Therapeutic Outcomes by Optimiz-
ing Platelet Inhibition With Prasugrel TIMI 38; comparing
prasugrel to standard-dose clopidogrel), and CURRENT-
OASIS 7 (Clopidogrel Optimal Loading Dose Usage to
Reduce Recurrent Events/Optimal Antiplatelet Strategy for
Interventions; comparing high-dose clopidogrel to standard-
dose clopidogrel) trials. The direct meta-analysis found that
ticagrelor, prasugrel, and high-dose clopidogrel significantly
reduced the risk of MI, major adverse cardiovascular event,
and stent thrombosis compared to standard-dose clopidogrel.
The network meta-analysis showed that ticagrelor was asso-
ciated with a nonsignificant reduction of all-cause mortal-
ity compared to prasugrel and high-dose clopidogrel. No
superiority of any treatment strategy over the other was seen
for cardiovascular mortality, MI, stroke, or major adverse
cardiovascular event. Prasugrel was associated with a sig-
nificantly lower risk for stent thrombosis (OR 0.63; 95% CI
0.42—0.94) but more major (OR 1.43; 95% CI 1.07-1.90) and
minor (OR 1.36; 95% CI 1.09-1.69) bleeding compared to
ticagrelor. Ticagrelor was also found to exhibit a significantly
lower risk of major or minor bleeding compared to high-dose
clopidogrel (OR 0.81; 95% CI 0.69-0.96). The risk of non-
CABG-related major bleeding did not differ between the
three P2Y, receptor inhibitors.

These meta-analyses suggest comparative superior-
ity of ticagrelor, prasugrel, or high loading dose clopi-
dogrel over standard-dose clopidogrel with a lower risk
for major or minor bleeding with ticagrelor compared to
prasugrel. However, these results should be weighed care-
fully until further data from head-to-head clinical outcome
trials comparing ticagrelor with prasugrel are conducted.
Unfortunately, there appears to be no large, prospective,
randomized controlled studies registered to date comparing
ticagrelor to prasugrel in ACS patients beyond the smaller
pharmacodynamic or pharmacogenomics studies previously
mentioned.

Discussion

Ticagrelor has been approved for use in Europe and Canada/
US under the trade names Brilique® and Brilinta®, respectively,
as dual antiplatelet therapy with aspirin for the prevention of
atherothrombotic events in adults with ACS .23 [t is the most
recent P2Y , receptor inhibitor approved for use in the US as
dual antiplatelet therapy with aspirin doses = 100 mg daily.?
Providers must carefully assess each ACS patient’s individual
risk factors for secondary events, absolute contraindications,
or precautions relative to the various P2Y , receptor inhibitors,
balanced with their risk of bleeding when determining the most
appropriate oral antiplatelet therapy.

The newest P2Y , receptor inhibitor ticagrelor has the
enhanced ability to reduce mortality, prevent major adverse
cardiac outcomes with a low risk of major bleeding compared
to clopidogrel. However, the benefits found from the PLATO
study come with the cost of an increased risk of non-CABG
related major bleeding, fatal intracranial bleeding, dysp-
nea, and early ventricular pauses compared to clopidogrel.
Substudies of the PLATO trial revealed that ticagrelor contin-
ues to show mortality benefit in patients undergoing planned
invasive or noninvasive strategies, CABG, or those with renal
dysfunction, diabetes, or a history of stroke or TIA. No sub-
studies showed an increased risk of major bleeding compared
to clopidogrel. Ticagrelor is the first P2Y , receptor inhibitor
to show a mortality benefit and it has been hypothesized that
this could have been secondary to the prevention of red blood
cell uptake of adenosine, which may benefit myocardial blood
flow, vasodilatation, cardiac preconditioning, and immuno-
modulation.”>7685-8 Ag mentioned in the pharmacodynamics
section, numerous studies are underway to determine other
pleiotropic effects of ticagrelor beyond its ability to inhibit
platelet aggregation.

Other properties of ticagrelor must also be taken into
consideration when choosing P2Y , receptor inhibitor
therapy. Studies with ticagrelor have revealed nonhemor-
rhagic adverse events not seen with other FDA-approved
P2Y , receptor inhibitors, including dyspnea, ventricular
pauses, elevations in serum creatinine and uric acid, and
gynecomastia. Substudies specifically analyzing the adverse
effects of dyspnea, ventricular pauses, and in patients with
underlying renal dysfunction found no loss of treatment
effect in ticagrelor-treated patients. Regarding these sub-
populations, the PLATO study excluded patients at increased
risk of bradycardiac events (eg, patients with sick sinus
syndrome, second- or third-degree atrioventricular block, or
bradycardiac-related syncope and not protected with a pace-
maker) and those on dialysis; however, it included patients
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with asthma, chronic obstructive pulmonary disease, and
other respiratory diseases. Another unique adverse effect
seen with ticagrelor was elevations in uric acid levels. In the
complete response review report to the FDA, the proposed
mechanism for elevated uric acid was that adenosine blocks
uric acid transport channel activity and that ticagrelor may
prevent red blood cell reuptake of adenosine.®! Therefore, it
should be used with caution in patients with severe respira-
tory disorders, those at risk for bradycardiac events, or those
with a history of hyperuricemia, gouty arthritis, or uric acid
nephropathy. No dosage adjustment is required for those
patients with renal dysfunction; however, it should not be
used in patients on dialysis.?® Ticagrelor is metabolized by
the liver and impaired hepatic function can increase the risk
of bleeding or other adverse effects. No dosage adjustment is
required in patients with mild hepatic impairment; however, it
should not be used in patients with severe liver disease since
no studies have been conducted in this population.?
Ticagrelor is the first and only reversible inhibitor of
P2Y , that does not require metabolic activation. Lack of
metabolic activation may explain the shorter time necessary
to reach peak platelet inhibition compared to clopidogrel and
prasugrel. This is an important aspect to consider in patients
undergoing cardiac catheterization with unknown anatomy
and the potential for CABG. In the PLATO study, ticagrelor
was held for 24—72 hours prior to surgery while it was recom-
mended to wait 5 days in the clopidogrel group; however, no
significant difference was found for CABG-related bleeding
between ticagrelor compared to clopidogrel.? Likewise,
Gurbel et al found that the percent of platelet inhibition of
ticagrelor 3 days after discontinuation was the same as 5 days
after clopidogrel discontinuation.'® The manufacturer’s pack-
age insert for the US product recommends stopping ticagrelor
= 5 days prior to surgery;*® however, the package insert for
the European product recommends stopping it 7 days prior to
surgery.** Both the AHA NSTEMI/UA and STEMI guidelines
(Class I recommendation, Class IIb) and ESC NSTEMI/
UA guidelines (Class Ila recommendation) give a strong
recommendation to stop both clopidogrel and ticagrelor
5 days prior to nonemergent surgery (including CABG) and
prasugrel 7 days prior to allow for dissipation of the anti-
platelet effect.>”* However, the ESC guidelines on myocardial
revascularization clarify that ticagrelor was discontinued
48-72 hours before CABG surgery in the PLATO trial.’
The most recently published 2013 AHA STEMI guidelines
further state to discontinue both clopidogrel and ticagrelor
= 24 hours before urgent on-pump CABG (Class I recom-
mendation) if possible or 24 hours before urgent off-pump

CABG if the benefit outweighs the risk of bleeding (Class
IIb recommendation).’

In a noncompliant patient, adherence to ticagrelor could
be problematic since it is dosed twice daily and has a more
rapid offset than other thienopyridines. The antiplatelet
effects of ticagrelor drop more precipitously than clopi-
dogrel 824 hours postdose, but the inhibition of platelet
aggregation is maintained at a level comparable or greater
than clopidogrel over this time period. However, by 48 hours
postdose, the inhibition of platelet aggregation is less than
that seen with clopidogrel and by 72 hours postdose and is
about 20%, which is comparable to that seen with 5—7 days
after discontinuation of clopidogrel.'” If doses are missed,
the rapid offset of ticagrelor may potentially carry greater
thrombotic risk for such patients; however, no studies have
been conducted to evaluate clinical outcomes related to the
offset of action of ticagrelor. One meta-analysis showed
that patients receiving ticagrelor or prasugrel were more
likely to discontinue these agents compared to clopidogrel.?!
Therefore, it is important to discuss adherence to the dosing
regimen with patients and necessary planning, such as carry-
ing extra tablets during extended times away from home. The
cost of ticagrelor could also impact medication adherence.
A coupon card is available for ticagrelor in the US; however,
clopidogrel is generic and may have better prescription
insurance coverage imparting lower out-of-pocket costs for
patients. Studies to evaluate long-term adherence and clinical
outcomes with ticagrelor therapy compared to other P2Y ,
inhibitors from real world settings through private or federal
medical and prescription insurance claims databases should
be conducted in the future.

Studies have been conducted to evaluate the cost-
effectiveness of ticagrelor using PLATO study data and
comparing it to genotype-driven clopidogrel. The first of
these studies was a base case analysis that sought to deter-
mine the event rates, health care costs (in 2010 Euros), and
health-related quality of life during 12 months of therapy
with ticagrelor or generic clopidogrel from a health care per-
spective, applying units costs and life tables from a Swedish
setting.® For the study, the daily cost of generic clopidogrel
€0.06 and ticagrelor €2.21 was applied. The results showed
that the mean cumulative health care costs were €96 higher
with ticagrelor-treated patients (95% CI —360 to 553;
P =0.679). Overall, the mean study drug costs were €590
higher with ticagrelor (95% CI 582-590; P < 0.0001).
Results from the base case analysis showed that ticagrelor
was associated with a quality adjusted life year (QALY) gain
of 0.1316 at an incremental cost of €362, yielding a cost
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per QALY gained of €2753 when compared to generic
clopidogrel. The cost per QALY gained was €2372. Despite
the higher drug cost of ticagrelor, its cost per QALY was
below the generally accepted threshold for cost-effectiveness.
From this study, ticagrelor was found to be cost-effective
compared to clopidogrel from the health care perspective.®
The second cost-effectiveness analysis compared ticagrelor
with genotype-driven therapy with clopidogrel in a cohort
of Medicare patients with ACS.” The study found an incre-
mental cost-effectiveness ratio of USD10,059 per QALY
with ticagrelor therapy compared with genotype-driven
clopidogrel therapy over a 5-year period. These studies both
suggest ticagrelor is a cost-effective alternative despite a
higher drug acquisition cost compared to clopidogrel.

Individualization of antiplatelet therapy based on platelet
reactivity and/or genetic testing to identify patients that may
benefit from the use of ticagrelor are areas under current
investigation. These studies may provide information on the
utility of these approaches to modify P2Y, receptor inhibi-
tor selection to improve clinical outcomes.*#585% Currently,
randomized clinical trials have shown that the use of agents
such as ticagrelor and prasugrel have stronger and more
predictable antiplatelet effects than clopidogrel with resultant
reduction in ischemic events.’?>! However, clinical trial evi-
dence is currently lacking as to whether therapy management
based on antiplatelet response translates to improved clinical
outcomes. Studies that have investigated patients with HTPR
have concluded that adjusting the dose of the P2Y' , agent based
on this high reactivity did not result in a statistically significant
reduction in clinical outcomes.’>** In addition, another study
has been done comparing the choice of P2Y' ) agent in patients
with HTPR and has found positive outcome results utilizing
platelet reactivity-guided therapy, but due to low event numbers
it is unclear if these results are indeed significant.”

Conclusion

Dual antiplatelet therapy with aspirin now includes the
choices of clopidogrel, prasugrel, or ticagrelor for patients
with ACS. Ticagrelor has proven to be superior to clopidogrel
by reducing mortality and other major cardiac outcomes with
an increased risk of non-CABG-related major bleeding and
fatal intracranial bleeding. It is important for providers to
carefully assess many patient-specific factors, including the
risk of thrombosis or bleeding, concomitant disease states,
nonhemorrhagic adverse effects, medication adherence, and
cost implications for the patient, and plan for urgent surgery
when choosing the most appropriate P2Y , receptor inhibitor.

It is also important to understand the potential that ticagrelor
may provide in situations where patients are likely not to
respond to clopidogrel or whom may not be candidates for
prasugrel therapy.
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