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Abstract: Antiplatelet medications are the mainstay for secondary stroke treatment. Aspirin,
clopidogrel, and aspirin-dipyridamole are commonly used antiplatelet medications. Other
antiplatelet medications such as ticagrelor and prasugrel have been majorly used in cardio-
vascular or neuro-interventional specialties. Recent studies have paved a way to their use in
secondary stroke prevention. In this review, we have briefly discussed the pharmacology of
ticagrelor, published literature in cardiology and stroke trials, use of ticagrelor among
patients with ischemic strokes, and compared its efficacy, limitations and side-effects with
other antiplatelet medications.
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Introduction

Ticagrelor is a potent, direct-acting antiplatelet agent that reversibly binds and
inhibits platelet adenosine diphosphate P2Y12 receptors.! In comparison to other
P2Y12 antagonists, ticagrelor does not require conversion from a prodrug to an
active formulation. Ticagrelor and its metabolite are equipotent and achieve peak
concentration within 2-3 days of its last dose. Due to its higher affinity for protein,
ticagrelor maintains a linear pharmacokinetics.” Additionally, Ticagrelor is dosed
twice-daily which allows for a more consistent inhibition of platelets over a 24-hour
period.?

Literature Review

Ticagrelor Use in Non-Stroke Trials
The use of ticagrelor in ischemic events was initially studied in patients with
coronary artery disease (CAD).

DISPERSE-2 (2009)

The Dose conflrmation Study assessing anti-platelets Effects of AZD6140 vs
clopidogRel in non—ST-segment Elevation myocardial infarction (NSTEMI),
DISPERSE, was an international, randomized, double-blinded, prospective trial
that evaluated the efficacy of ticagrelor and clopidogrel in patients with
NSTEML.* In comparison to clopidogrel, ticagrelor showed a significant reduction
in the rates of vascular deaths without an increase in the overall rate of major
bleeding in patients with acute coronary syndrome regardless of ST-segment eleva-
tion. The primary endpoint looked at the rate of major and/or minor bleeding
complications. The primary endpoint was 8.1% in the clopidogrel group and
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9.8% in the ticagrelor group. A major limitation of the trial
involved the pathophysiological differences between the
effect of ticagrelor and clopidogrel on inflammation and
endothelial dysfunction in STEMI patients.

PLATO (2009)

The Platelet Inhibition and Patient Outcomes (PLATO)
was an international, randomized trial that compared the
efficacy of platelet inhibition of ticagrelor against prasu-
grel in patients with STEMI who underwent percutaneous
coronary intervention.” The primary endpoint was residual
platelet reactivity 2 hours after a loading dose, while the
secondary endpoints were percentage of high residual pla-
telet reactivity, acute stent thrombosis and in-hospital
bleeding after thrombolysis for MI. The study showed
prasugrel was non-inferior to ticagrelor for residual plate-
let inhibition at 2 hours after the loading dose. PLATO
trial entailed a similar limitation involving the differential
effect of ticagrelor and prasugrel among STEMI patients.

PEGASUS-TIMI 54 (2016)

The Prior Heart Attack Using ticagrelor Compared to
Placebo on a Background of Aspirin—Thrombolysis in
Myocardial Infarction 54 (PEGASUS-TIMI 54), was an
double-blinded,
controlled trial which evaluated the efficacy of ticagrelor

international, randomized, placebo-
against a placebo among patients with ACS who under-
went coronary artery bypass grafting (CABG).” The pri-
mary outcome was graft occlusion at 3 months post CABG
with secondary endpoints of MI, stroke and bleeding.
Although the study was prematurely terminated, it did
show a synergistic effect of ticagrelor with low-dose
aspirin that reduced the risk of major adverse cardiovas-
cular events. Furthermore, ticagrelor significantly reduced
the risk of stroke, thus paving the way for its study and use
among acute ischemic stroke (AIS) patients. A major lim-
itation of the trial involved a lack of follow-up data that
required extrapolation of clinical data at the time of the MI
to estimate the trial eligibility.

EUCLID (2017)

The Examining Use of ticagrelor in Peripheral Artery
Disease (EUCLID) trial was a double blinded, randomized
prospective trial which evaluated the efficacy of clopido-
grel against ticagrelor in patients with symptomatic per-
ipheral vascular disease with a median follow-up of 30
months.® The primary efficacy endpoint was cardiovascu-
lar or neurologic ischemic event and safety end point of
major bleeding. The study concluded that ticagrelor was

not superior to clopidogrel for reduction of cardiovascular
events while the rates of major bleeding was similar in
both the groups. One of the limitations involved in the
EUCLID trial was a lack of inclusion of aspirin due to the
constraints involved in the feasibility of conducting
a three-group study and complications in blinding when
dual antiplatelet therapy would be clinically warranted
after randomization. Therefore, direct conclusions about
the effect of the studied agents as compared with aspirin
among patients with peripheral artery disease could not be
evaluated.

TREAT (2019)

Ticagrelor in Patients With ST-Elevation Myocardial
Infarction Treated With Pharmacological Thrombolysis
(TREAT) was an international, multicenter, randomized,
open-label with blinded endpoint adjudication trial to eval-
uate the efficacy of ticagrelor when compared with clopi-
dogrel in STEMI patients treated with fibrinolytic therapy.
The key outcomes were cardiovascular mortality, myocar-
dial infarction, or stroke, and the same composite outcome
with the addition of severe recurrent ischemia, transient
ischemic attack, or other arterial thrombotic events at 12
months. The combined outcome was seen in 6.7% of the
patients treated with ticagrelor and 7.3% in clopidogrel
with P = 0.53. The authors concluded that among patients
age <75 years with STEMI, administration of ticagrelor
after fibrinolytic therapy did not significantly reduce the
frequency of cardiovascular events when compared with
clopidogrel. The trial likely entailed a selection bias due to
the lack of double blinding and did not carry adequate
statistical power to accurately assess the safety and
efficacy.

Ticagrelor Use in Stroke Trials

Various trials have investigated the efficacy of ticagrelor
among patients with stroke or high-risk transient ischemic
attack (TIA).

SOCRATES (2016)

The Acute Stroke or Transient Ischaemic Attack Treated with
Aspirin or Ticagrelor and Patient Outcomes (SOCRATES)
trial, was an international, randomized, double-blinded pro-
spective trial that evaluated the efficacy of ticagrelor against
aspirin among patients with TIA or AIS with an average of 3
months follow up.® The primary outcome was the time to
occurrence of stroke, myocardial infarction, or death within
90 days, and occurred in 6.7% of patients treated with
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ticagrelor versus 7.5% treated with aspirin (P = 0.07).
Recurrent ischemic strokes occurred in 5.8% in the ticagrelor
group versus 6.7% in the aspirin group (P = 0.046). There
was no statistical difference in major bleeding, intracranial
hemorrhage, or fatal bleeding in either group.

A subgroup analysis of SOCRATES was performed that
subsequently showed aspirin use in the pre-enrollment period,
may actually have been substantial enough to confer a passive
or residual protective effect and may have provided an addi-
tional benefit to the ticagrelor group, by conferring partial dual
antiplatelet therapy. Among patients with large artery disease,
ticagrelor was observed to be more efficacious than aspirin in
reducing the rates of an ischemic event within 90 days among
the patients with ipsilateral atherostenotic lesion.” A few of the
limitations in SOCRATES were: patients less than 40 years of
age were excluded, lack of clinical follow up beyond 90 days,
and a high rate of premature discontinuation of the use of
ticagrelor due to either dyspnea or bleeding events.

PRINCE (2018)
The Platelet Acute
Cerebrovascular Events (PRINCE) trial was a randomized

Reactivity in Nondisabling
multicenter prospective trial performed in China that primar-
ily evaluated the platelet reactivity in the treatment groups
involving ticagrelor plus aspirin and clopidogrel plus aspirin
among the patients with TIA or minor AIS with an average 3
month follow up.'® The patients enrolled were categorized
into carriers versus non-carriers of the CYP2C19 LOF allele
genotype. Interestingly, in patients with large artery athero-
sclerosis, patients in the ticagrelor/aspirin group had a lower
stroke recurrence rate at 90 days compared with the clopido-
grel/aspirin group (P = 0.04). The authors reported that
ticagrelor was superior to clopidogrel in inhibiting platelet
reactivity, whereas no statistically significant interactions
were noted between the carriers and non-carriers of the allele
on platelet reactivity. One of the major limitations of the
PRINCE trial was that the study population was enrolled
from rural China, which limits the generalizability of results.
Additionally, the trial was terminated early with only 50% of
the projected sample recruited due to interim analysis by
DSMB, thereby undercutting the power of the trial to study
the clinical events.

THALES (2020)

More recently the Acute STroke or Transient IscHaemic
Attack Treated With TicAgreLor and ASA for PrEvention
of Stroke and Death (THALES) trial, was performed.“ It
was a randomized, double-blinded, placebo-controlled

prospective trial that compared the efficacy and safety of
ticagrelor with aspirin among patients with mild-to-
moderate acute non-cardioembolic ischemic strokes, with
a National Institutes of Health Stroke Scale (NIHSS) score
of 5 or less, or TIA and who were not undergoing throm-
bolysis or thrombectomy.

The primary outcome of composite of stroke or death
within 30 days occurred in 5.5% of patients in the tica-
grelor—aspirin group and in 6.6% in the aspirin monother-
apy group (P = 0.02). Ischemic stroke occurred in 5.0% in
the ticagrelor—aspirin group and in 6.3% in the aspirin
group (P = 0.004). The incidence of disability did not
differ significantly between the two groups as severe
bleeding occurred in 0.5% of patients in the ticagrelor—
aspirin group and only 0.1% of patients in the aspirin
group (P = 0.001). A sub-group analysis of THALES
trial involving stroke patients with ipsilateral stenosis
investigated the primary endpoint i.e., time to the occur-
rence of stroke or death within 30 days.'” Patients rando-
mized to ticagrelor achieved a lower rate (8.1% v/s 10.9%)
of primary endpoint. A few limitations of THALES were:
absence of long-term data on the efficacy and safety
beyond 30 days and study patient population was limited
to Caucasians and Asians, limiting the generalizability of
the results.

Meta-Analyses

A systemic review and meta-analysis involving 13 rando-
mized controlled clinical trials (RCT) (n = 64,360 patients)
was performed to compare the efficacy and safety of
ticagrelor among patients with cerebral or cardiovascular
risk factors.! The authors observed that ticagrelor reduced
the risk of ischemic stroke (P = 0.003), combined ischemic
and hemorrhagic strokes (P = 0.05) and composite of
MI, 0.03).
Ticagrelor was not associated with an increase in risk of
mortality (P = 0.40) or major bleeding events (P = 0.19)
among patients with prior history of ischemic stroke or

stroke, and cardiovascular death (P =

TIA. Ticagrelor was observed to have a positive effect on
primary and secondary stroke prevention, however, at the
expense of side-effects including dyspnea, hyperuricemia,
and major or minor bleeding events. However, the study
did not observe any significant increase in major bleeding
events with ticagrelor, suggesting the slightly increased
risk of combined major or minor bleeding events was
likely observed in patients with higher bleeding risk.'
Similarly, a meta-analysis involving 10 RCTs (n =
73,121 patients) compared the safety and efficacy of
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ticagrelor with traditional antiplatelet agents among
patients with coronary or non-coronary atherothrombotic
disease.'” In comparison to traditional antiplatelet thera-
pies such as aspirin or clopidogrel, ticagrelor was asso-
ciated with a significant reduction in mortality and
recurrent cardiovascular events. These benefits were evi-
dent in studies involving patients with CAD while not in
studies involving non-coronary atherothrombotic disease.
The risk of cerebrovascular events was significantly
reduced in the ticagrelor group, mainly driven by
a significant benefit in stroke in patients with a previous
non-coronary atherothrombotic event. Despite significant
mortality benefit and decrease in recurrent ischemic
events, ticagrelor was associated with an increase in

major bleeding complications.

Use of Ticagrelor as Dual
Anti-Platelet Therapy

Ticagrelor has been studied as both single and dual anti-
platelet therapeutic medication to assess the safety and
efficacy clinical outcomes. A systematic review and meta-
analysis by Malhotra et al.' performed a subgroup analysis
to further evaluate the use of ticagrelor as dual antiplatelet
therapy. The authors compared all the RCTs involving
concomitant administration of antiplatelet agents and tica-
grelor with ticagrelor monotherapy. In comparison to con-
ventional dual antiplatelet therapy, there was a significant
reduction of composite stroke, MI and cardiovascular
death among patients treated with concomitant ticagrelor

and conventional antiplatelet agent.

Bleeding Complications

In comparison to traditional antiplatelet agents, ticagrelor
is associated with a higher rate of major and/or minor
bleeding complications. Ticagrelor is associated with
a higher rate of major bleeding, including fatal and intra-
cranial hemorrhages, in comparison to clopidogrel
monotherapy.” The recently published THALES trial
further demonstrated an increased risk of moderate to
severe bleeding risk among patients treated with ticagrelor
and aspirin as compared with aspirin alone (0.5% vs
0.1%), with a significantly higher rate of intracranial
hemorrhage.'" Previous studies'® involving patients with
acute coronary syndrome suggested a threefold increased
risk of bleeding complications among patients treated with

ticagrelor and aspirin in comparison to traditional

antiplatelet regimens. The bleeding complications encom-
passed both major and major or minor bleeding events.

Comparison of Ticagrelor with
Other Antithrombotics

Ticagrelor is not a prodrug that allows for rapid, potent,
and consistent inhibition of platelet aggregation. These
attractive pharmacologic, pharmacokinetic, and pharmaco-
dynamic properties may have contributed to a significant
reduction in thrombotic events in the PLATO trial. The
ability of ticagrelor to alter adenosine uptake by red blood
cells likely affects the efficacy and safety of the agent
(Figure 1). Although direct comparison with prasugrel is
difficult due to lack of comparative head-to-head trials,
certain analyses could be made between these medications.
Unlike prasugrel, ticagrelor offers advantage of usage
regardless of the ACS management strategy (medical or
invasive). There are no limitations for the use of ticagrelor
based on clinical factors such as body weight, age or prior
ischemic stroke. However, prasugrel has been observed to
be more beneficial among patients with diabetes mellitus.
Lastly, single day dosing of prasugrel is certainly an
advantage in comparison to twice-daily dosing for
ticagrelor.

Practical Use, Costs and Benefits
Based on the cost analysis data from the PLATO trial,
concomitant use of ticagrelor and aspirin tends to increase

Red blood cell \
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Figure | Mechanism of action of ticagrelor on platelet activation and aggregation.
Notes: Adapted from Nylander S, Femia EA, Scavone M, et al. Ticagrelor inhibits
human platelet aggregation via adenosine in addition to P2Y |2 antagonism. Journal of
Thrombosis and Haemostasis. 2013;11(10):1867—1876. © 2013 International Society
on Thrombosis and Haemostasis.
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the life expectancy at an incremental cost that was well
within the accepted benchmark of good value for money.
Interestingly, in a 2015 drug cost analysis based on the
National Average Drug Acquisition Cost,'* the average
cost of ticagrelor was $7.88/day compared with $0.11/
day for clopidogrel. Although overall superiority was not
established in either the THALES or SOCRATES trial,
a subgroup analysis highlighted the efficacy of ticagrelor
in a specific patient population which could potentially
lead to lower average daily medication cost. As we under-
stand how to better stratify and tailor our management
based on patient demographics, stroke mechanism and
various risk factors, ticagrelor has a potential to emerge
as a more affordable antithrombotic choice for acute and
chronic stroke prevention, and further expand the arma-

mentarium of stroke neurologists.

Current Use of Ticagrelor in Stroke

Patients

According to 2019 American Heart Association and
American Stroke Association guidelines,'® ticagrelor is
not recommended over aspirin for treatment of patients
with minor stroke (NIHSS <5) or high-risk TIA, however,
the Food and Drug Administration has approved its use in
patients with contraindications to aspirin. Additionally, the
guidelines suggest that ticagrelor seems to be a reasonable
alternative in stroke patients who have a contraindication to
aspirin (Class III evidence).'> Although use of ticagrelor
remains limited in the stroke field, it has been used among
patients undergoing neuroendovascular procedures. An
Indian study selected 32 patients from their cohort under-
going endovascular intervention that were non-responders
to clopidogrel.'® All patients were treated with a 180-mg
loading dose of ticagrelor, followed by a scheduled dose of
90 mg twice daily. Twenty patients (63%) were treated for
intracranial aneurysm, two (6%) for dissecting aneurysms,
nine (28%) for stenotic lesions, and one (3%) for carotid-
cavernous fistula. No patient experienced any adverse
effects related to the use of ticagrelor in the postoperative
period. The authors suggested ticagrelor as a safe alterna-
tive to clopidogrel non-responders. Although ticagrelor was
reported to be safe and effective, a few disadvantages
observed with the use of ticagrelor were (a) higher cost in
comparison to traditional antiplatelet agents, (b) twice-daily
dosing, and (c) potential risk of rapid platelet aggregation

after discontinuation.

Future Direction

The use of ticagrelor is expected to increase as additional
trials continue to investigate its use in varied patient popu-
lations, and assess the efficacy and safety demonstrated in
earlier trials. A study from Kafrelsheikh University is
investigating treatment with ticagrelor within 9 hours of
acute ischemia.'® Similarly, CHANCE 2 trial is currently
recruiting patients to assess the effects of ticagrelor plus
aspirin versus clopidogrel plus aspirin on reducing the
3-month risk of any stroke (both ischemic and hemorrha-
gic) as a primary outcome when initiated within 24 hours
of symptom onset among patients with TIA or minor
stroke and who are CYP2Y19 LOF alleles carriers."
Future RCTs are warranted to evaluate the safety profile
of ticagrelor among ischemic stroke patients who are eli-
gible for acute thrombolytic and endovascular therapies.

Conclusion

Primary and secondary prevention with antiplatelet therapy
continues to be an integral part of stroke management.
Randomized controlled clinical trials thus far have high-
lighted the benefits of ticagrelor in certain sub-population
s with vascular risk factors. Further studies designed to assess
the superiority of ticagrelor compared with other antiplatelets
could broaden its use in acute stroke care. The limitation thus
far is majorly related to bleeding complications and drug cost,
however, with better understanding of its mechanism, future
studies could provide additional data that could advance the
use of ticagrelor in both acute and chronic stroke care.
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