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Disclaimer

        �e Nursing Continuing Professional Education materials produced by APRNWORLD® 

are made as an integrated review of current evidence available from  multiple sources. �e bulk 

of the information is taken from major scienti�c journals and other relevant publications. 

APRNWORLD® made every reasonable e�ort to cite these resources appropriately however, 

may have omissions made inadvertently due to the vast and generic nature of the scienti�c 

information available. APRNWORLD® does not hold copyright of any of such information. 

�e copyright of such information belongs to the speci�c author/ publisher or their legal 

designee. Even though we made every reasonable e�ort in ensuring the quality and correctness 

of  information, APRNWORLD® does not bear the responsibility of the accuracy of the infor-

mation as it was taken from publicly available sources. �e education material is meant for 

licensed professionals with a solid body of knowledge, experience and understanding of 

complex medical scenarios. �e material presented here does not replace sound scienti�c and 

up-to-date guidelines from professional sources. Because of the dynamic nature of medical and 

scienti�c advancements, these training materials should not be used as the sole basis for medical 

practice. Individual practitioner should exercise their critical thinking and clinical reasoning 

skills in dealing with complex medical scenarios. APRNWORLD® does not bear any responsi-

bility for the claims that the information presented through its platforms caused injury or 

unwanted outcomes in any clinical situations.
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�ienopyridines 
and Ticagrelor

ANCC Accredited NCPD Hours: 2.3 hrs

Target Audience: RN/APRN

Need Assessment
 �ienopyridines are a class of drug 
targeting the platelet adenosine diphos-
phate-2 receptor. Blockage of the receptor 
results in reduced platelet activation. �ey 
signi�cantly reduce platelet activity and are 
therefore clinically bene�cial in settings 
where platelet activation is a key patho-
physiological feature, particularly myocar-
dial infarction. �ienopyridines play a key 
role in the cardiovascular arena. �eir 
application covers the wide spectrum of 
patients with stable angina, acute coronary 
syndrome and /or those undergoing percu-
taneous coronary interventions. In these 
settings they reduce the restenosis rate, the 
risk of thrombosis and adverse cardiac 
events.

Discuss the mechanism of action of 
thienopyridines
Describe the pharmacokinetic pro�le 
of Ticagrelor
Discuss the limitations of Ticagrelor
Identify the two widely used antiplate-
let medications

Objectives 

Goal
 �e goal of this article is to provide a 
comprehensive summary of the pharmacoki-
netic, pharmacodynamic and pharmacogenet-
ic pro�les of thienopyridines and ticagrelor 
including their potential to mediate anti‐in-
�ammatory e�ects, to conserve vascular func-
tion

collaborating as an inter-professional team to 
achieve optimal patient results. An interprofes-
sional approach, with a multifaceted and 
targetted approach to treatment, is necessary 
to improve patient outcomes with antiplatelet 
medications.
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Introduction 

 Coronary artery disease (CAD) and 
acute coronary syndrome (ACS) are leading 
causes of mortality in the United States. 
Interventions that may reduce the inci-
dence of acute coronary syndrome or miti-
gate its sequelae are therefore of substantial 
societal bene�t. However, the populations 
evaluated in most randomised cardiovascu-
lar outcomes trials do not re�ect the broad 
range of ethnicities to which the therapies 
studied may be subsequently applied in 
clinical practice. Engaging under-represent-
ed communities in research and identifying 
patient subgroups whose response to a 
given therapy may di�er from that of the 
average patient in a trial are priorities for 
scienti�c research and investment. Ticagre-
lor is an oral platelet P2Y12-receptor antag-
onist that signi�cantly reduces major cardi-
ovascular events after acute coronary syn-
drome compared with clopidogrel, driven 
by reductions in myocardial infarction and 
cardiovascular death, without a signi�cant 
increase in all-cause major bleeding, 
although non-coronary artery bypass graft-
ing related bleeding is increased. [1, Rank 
5]

 Platelets stop bleeding from damaged 
blood vessels and initiate repair processes. 
�ey contain many important components 
for these functions, of which surface glyco-
proteins are critical for two processes, adhe-
sion and aggregation (as shown in �gure 1. 
Vascular damage such as rupture or erosion 
of an atherosclerotic plaque can trigger 
platelet aggregation. Platelets normally 
circulate through the vasculature in a 
non-adhesive state. Upon the detection of 
an exposed sub endothelial matrix, platelets 
are induced to come into close contact with 
the vessel wall and roll, then arrest, at the 
site of the vessel injury. �e process of adhe-
sion is orchestrated by the platelet adhesion 
receptors GPVI and GPIb-IX-V. �e 
release of soluble agonists, such as adeno-
sine diphosphate and thromboxane A2 am-
plify platelet activation. Platelet adhesion 
and activation results in the formation of a 
platelet plug. �e resultant thrombus may 
lead to vascular occlusion, causing hypoxia 
and tissue damage. �rombus occlusion of 
a coronary artery, which may result in an 
acute myocardial infarction, is the proxi-
mate cause of acute coronary syndrome 
(ACS). With platelets thus playing a central 
role in atherothrombosis and consequent 
pathologies, antiplatelet therapy has 

Antiplatelet �erapy
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emerged as a cornerstone of treatment for 
acute coronary syndrome patients. [2, Rank 
4]
 �e current standard antiplatelet 
therapy consists of aspirin, targeting the 
thromboxane-induced pathway of platelet 
activation (as shown in �gure 2), combined 
with a P2Y12 receptor antagonist that 
inhibits the adenosine diphosphate-in-
duced platelet activation. Aspirin irreversi-
bly inhibits platelet cyclooxygenase 1 pre-
venting the formation of prostaglantin H2 
and therefore thromboxane A2.
 �e most frequently used P2Y12 
receptor antagonist is clopidogrel, a thieno-
pyridine, administered at a daily dose of 75 
mg. However, clopidogrel has drawbacks 
(as shown in �gure 3) such as delayed onset 
of action, interpatient variability in 
response or even resistance to clopidogrel, 

and irreversibility of its inhibitory e�ect, 
which increases the risk of bleeding in 
patients requiring surgery.

Figure 1: Platelet adhesion and aggregation  

Figure 2: �romboxane A2 platelet activation pathway
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 P2Y12 receptor blockers are a group 
of antiplatelet drugs. �is group of drug 
includes clopidogrel, ticlopidine, prasugrel 
and cangrelor (as shown in �gure 5).Re-
cently, more potent antiplatelet drugs have 
been developed, such as ticagrelor which is 
the �rst of a new chemical class of oral 
cyclopentyl-triazolo-pyrimidine antiplate-
let agents. Ticagrelor is a direct acting and 
reversibly binding P2Y12 antagonist that is 
able to overcome non-responsiveness to 
clopidogrel. Treatment with ticagrelor, as 
compared with clopidogrel, has been 
shown to reduce signi�cantly the rate of 
death from vascular causes, myocardial 
infarction or stroke in acute coronary syn-
drome patients. �ese bene�cial e�ects 
were achieved without a signi�cant increase 
in the rate of overall major bleeding, 
although an increase in the rate of non-pro-
cedure-related bleeding was noted. �e 
reversible binding of ticagrelor and its 
plasma half-life of 7–8.5h mandate twice 
daily dosing (usually 90mg per dose)

Platelet aggregation inhibitors such 
as aspirin and related cyclooxygen-
ase inhibitors, oral thienopyridines 
such as clopidogrel, ticagrelor, 
ticlopidine and prasugrel.
Glycoprotein platelet inhibitors like 
abciximab, epti�batide, tiro�ban.
Protease-activated receptor-1 antag-
onists like vorapaxar.
Miscellaneous drugs like dipyrida-
mole, cilostazol.

Antiplatelets can be classi�ed based on the 
mechanism of action (as shown in �gure 4): 

®

Thromboxane A2 is a positive 

feedback lipid mediator pro-

duced following platelet acti-

vation.

Thromboxane A2 is a power-

ful vasoconstrictor and pro-

moter of platelet aggregation 

Figure 3: Drawbacks of clopidogrel
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 Many studies have shown that 
patients on a once daily dosing regimen 
take a somewhat higher percentage of pre-
scribed doses than patients on a twice daily 
dosing regimen. However, the pertinent 
therapeutic question to be addressed is how 
these missed doses a�ect the clinical bene-
�ts of the drug. One intermediate endpoint 
that can be assessed is the extent to which 
drug action, i.e. platelet inhibition, is main-
tained in the face of occasionally delayed or 
missed doses during twice daily or once 
daily dosing. �e ability of drugs to main-
tain therapeutic activity in patients with 

non-adherent dosing behaviour is referred 
to as ‘drug forgiveness’, whereby drugs with 
duration of action far exceeding their 
dosing interval are considered more ‘forgiv-
ing’. [3, Rank 5]
 Assessment of the continuity of 
platelet inhibition requires an integrated 
analysis of dosing history data together 
with the pharmacokinetic (PK) and phar-
macodynamic (PD) properties of the drugs 
being compared. Electronic methods for 
compiling drug dosing histories are now 
the recognized standard for quantifying 
adherence and they provide a high 

Antiplatelet drug
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 Current standard treatment for acute 
coronary syndrome (ACS) is clopidogrel in 
combination with aspirin. Clopidogrel is 
the only thienopyridine antiplatelet therapy 
currently recommended by the National 
Institute for Health and Clinical Excellence 
(NICE) for the management of 
non-ST-segment elevation acute coronary 
syndrome in people at moderate-to-high 
risk of myocardial infarction or death. 
However, clopidogrel has been shown to 

temporal resolution. When combined with 
established pharmacometric methods, these 
dosing histories allow the projection of 
drug concentration levels and of drug 
action in the body. [4, Rank 3]

produce an overall low degree of inhibition 
of platelet aggregation (IPA) and wide 
response variability (approximately 
15–48% of patients have a poor platelet 
inhibition response to clopidogrel). Fur-
thermore, growing evidence suggests that 
persistence of enhanced platelet reactivity 
despite the use of clopidogrel is associated 
with adverse clinical outcomes, including 
an increased risk for recurrent ischaemic 
events. Some of the limitations of clopi-
dogrel have been addressed by prasugrel, a 
recently approved thienopyridine that has 
demonstrated more consistent platelet inhi-
bition. However, prasugrel was associated 
with signi�cantly increased risk of major 
bleeding, including life-threatening and 
fatal bleeding. �ere is therefore still a need 
for new antiplatelet therapies for acute cor-
onary syndrome that provides high and 
consistent inhibition of platelet aggrega-
tion. [5, Rank 4]
 Ticagrelor (AZD6140) is the �rst 
reversibly binding oral P2Y12 receptor 
antagonist, which is in clinical develop-
ment for the treatment of acute coronary 
syndrome. In vitro studies indicate that 
ticagrelor exerts its antiplatelet activity by 
binding to the P2Y12 receptor at a site 
distinct from the adenosine diphosphate 
(ADP) binding site, thereby inhibiting 
adenosine diphosphate-induced receptor 
signalling in a non-competitive manner. 

�ienopyridines and Ticagrelor

Clopidogrel is most widely 

used and it causes irreversible 

alternations in P2Y12 receptor 

mediated platelet inhibition

Clopidogrel

Ticagrelor

Cangrelor

Prasugrel

Figure 5: P2Y12-ADP receptor antagonist
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 �e pharmacokinetic pro�le of tica-
grelor has  been evaluated in healthy volun-
teers and in patients with coronaryartery

population of acute coronary syndrome 
patients, in the double-blind, randomized 
phase III PLATO (PLATelet inhibition and 
patient Outcomes) study. After 12 months, 
a lower proportion of patients receiving 
ticagrelor than clopidogrel reached the 
primary endpoint of death from vascular 
causes, myocardial infarction or stroke 
(9.8% vs. 11.7%; P < 0.001), with no 
increase in the rate of overall major bleed-
ing and an increase in the rate of non-pro-
cedure-related bleeding. [6, Rank 2]
 Single ascending dose studies in 
healthy volunteers indicate that ticagrelor 
has linear pharmacokinetics and, at doses 
ranging from 100 to 400 mg, produces 
near-complete inhibition of platelet aggre-
gation at 2 h post-dose. Inhibition of plate-
let aggregation gradually decreased with 
declining plasma concentrations starting 
around 12 h post-dose, indicating that the 
inhibition of platelet aggregation associated 
with ticagrelor is concentration dependent 
and reversible. [7, Rank 2]

Ticagrelor undergoes extensive hepatic me-
tabolism, with one known active metabolite 
(AR-C124910XX) present at a concentra-
tion approximately 30% of the parent drug. 
Unlike the thienopyridines, however, tica-
grelor does not require metabolic activation 
to exert its e�ect, which may account for its 
fast onset of action. Based on mass balance 
data, renal clearance of  ticagrelor is limited 
and elimination occurs mainly through me-
tabolism in the liver and biliary excretion.
 Studies suggest that ticagrelor may 
provide improvements in inhibition of 
platelet aggregation compared with clopi-
dogrel. Compared with clopidogrel, ticagr-
elor o�ered a wider separation between 
antithrombotic e�ects and bleeding time in 
preclinical models and, in phase II studies, 
provided greater and more consistent inhi-
bition of adenosine diphosphate-induced 
platelet aggregation without an increase in 
major plus minor bleeding. �e e�cacy 
and safety of ticagrelor has been evaluated 
in comparison with clopidogrel in a broad 

Absorption, Distribution, 
Metabolism and Excretion 

Pharmacokinetic Pro�le

Ticagrelor is a direct acting 

oral antagonist of P2Y12-ase-

nosine receptor blocker with 

reversibility and without 

catabolic activation, which 

can have a substantial impact 

on faster and greater platelet 

inhibition than clopidogrel
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disease, atherosclerosis and acute coronary 
syndrome. A regional absorption study in 
healthy volunteers showed that the propor-
tion of ticagrelor that was absorbed 
decreased the further down the gastrointes-
tinal tract that the dose was released. In 
healthy volunteers, single oral doses of tica-
grelor 0.1–400 mg were rapidly absorbed, 
with a median time to reach the maximum 
plasma concentration (tmax) of approxi-
mately 1.3–2 h. Similarly, the median tmax 
for AR-C124910XX (the active metabolite 
of ticagrelor) was 1.5–3 h. Alternative 
methods of administration have been 
shown to increase the rate of absorption of 
ticagrelor. In healthy volunteers, adminis-
tration of ticagrelor as a crushed tablet 
(dosed orally or via a nasogastric tube) 
increased plasma concentrations of ticagre-
lor and AR-C124910XX at early time 
points (0.5 and 1 h post-dose) relative to 
oral administration of a whole tablet. �e 
ticagrelor tmax was shorter following 
crushed versus whole tablet administration 
(1 vs. 2 h). Further studies are warranted to 
assess whether administration of crushed 
tablets provides a pharmacodynamic or 
clinical bene�t in scenarios in which the 
absorption of ticagrelor occurs less rapidly 
than predicted, e.g. in patients with acute 
coronary syndrome, in whom tmax 
values of 3 and 4 h have been reported 
for ticagrelor and AR-C124910XX, 

respectively, following a 180 mg loading 
dose. [8, Rank 1]
 Mean and maximum plasma concen-
tration (Cmax) values of ticagrelor and 
AR-C124910XX increase linearly and pre-
dictably in a dose-dependent manner and 
are stable at steady state in healthy volun-
teers and in patients with atherosclerosis, 
coronary artery disease and acute coronary 
syndrome. �e e�ect of food on exposure 
to ticagrelor and AR-C124910XX is small 
and considered to be of minimal clinical 
signi�cance. �erefore, ticagrelor can be 
administered with or without food. [9, 
Rank 3]
 In vitro studies evaluating the metab-
olism of ticagrelor have been conducted in 
hepatocyte and microsomal preparations 
from several animal species. Multiple me-
tabolites were identi�ed and the major me-
tabolites across all species were 
AR-C124910XX and AR-C133913XX. 
Cytochrome P450 (CYP) 3A4 and 
CYP3A5 were primarily responsible for the 
formation of AR-C124910XX, whereas the 
formation of AR-C133913XX most likely 
occurred via CYP3A4, with a lesser contri-
bution from CYP3A5. Consequently, 
potential interactions between ticagrelor 
and inducers or inhibitors of CYP3A4 were 
evaluated in clinical pharmacology studies. 
[10, Rank 4]
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 Experiments conducted with radio 
labelled ticagrelor in six healthy male vol-
unteers identi�ed ten discrete metabolites, 
with unchanged ticagrelor and 
AR-C124910XX being the predominant 
entities observed in the plasma. 
AR-C124910XX is present at approximate-
ly 30–40 % of the concentration of the 

parent compound. Following administra-
tion of [14C]-ticagrelor, 58 % was recov-
ered in the faeces and 27 % in the urine; the 
levels of unchanged ticagrelor and 
AR-C124910XX in the urine were <0.05 
%. �ese data indicate that ticagrelor is 
mainly excreted in the faeces, with renal 
excretion playing only a minor role; the 

Ticagrelor
(direct acting)

Estereases

Instestinal Absorption

Hepatic CYP Metabolism

Prasugrel
(pro-drug)

Clopidogrel
(pro-drug)

Inactive 
metabolite

active 
metabolite

P2Y12

Hepatic CYP 
Metabolism

Figure 6: Pharmacokinetic pro�le
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 In 40 healthy volunteers who 
received ticagrelor 200 mg, systemic expo-
sure to ticagrelor and AR-C124910XX was 
approximately 40–60 % higher in elderly 
versus young subjects and in women versus 
men. However, no dose adjustment is con-
sidered necessary on the basis of either age 
or gender; nor is dose adjustment required 
in patients with severe renal impairment or 
mild hepatic impairment. �e use of ticagr-
elor is contraindicated in patients with 
severe hepatic impairment. As ticagrelor 
metabolism occurs in the liver, exposure to 
the parent drug will probably increase in 
severe hepatic impairment. In addition, the 
bleeding risk is increased in severe hepatic 
impairment because of reduced synthesis of 
coagulation proteins. No pharmacokinetic 
data are available in patients with moderate 
hepatic impairment (need to consider the 
risk–bene�t of ticagrelor due to probable 
increase in exposure) or patients receiving 
renal dialysis. [12, Rank 3]

 In PLATO, the incidence of dysp-
noea was higher with ticagrelor compared 
with clopidogrel. Ticagrelor inhibits plate-
let activity via P2Y12 receptor inhibition 
and also via adenosine. A potential mecha-
nism of ticagrelor-induced dyspnoea 
involves increased endogenous levels of 
adenosine. Adenosine can induce dyspnoea 
in normal and asthmatic subjects. �us, 
two randomized, double-blind, place-
bo-controlled, two-way crossover studies 
were conducted to evaluate the pharma-
cokinetics, pharmacodynamics and safety 
of ticagrelor in subjects at risk of respiratory 
impairment (healthy elderly) and in 
patients with respiratory impairment (mild 
asthma or mild to moderate chronic 
obstructive pulmonary disease [COPD]). 
Although exposure to ticagrelor (at steady 
state) and AR-C124910XX (after a single 
dose of ticagrelor and at steady state) 
appeared to be lower in patients with 
asthma or chronic obstructive pulmonary 
disease compared with healthy elderly vol-
unteers, no consistent relationship was 
observed between exposure and minute 
ventilation, respiratory rate, tidal volume, 
spirometry, pulse oximetry or dyspnoea. 
Furthermore, ticagrelor did not appear to 
alter pulmonary function at rest or during 
exercise; bronchospasm (as determined by 
spirometry and pulse oximetry) was not 
observed in any cohort. [13, Rank 3]

primary route of excretion for the active 
metabolite is most likely biliary secretion.
 �e mean elimination half-life of 
ticagrelor is 7.7–13.1 h, whereas the mean 
elimination half-life of AR-C124910XX is 
7.5–12.4 h.[11, Rank 5] 

Pharmacokinetics in 
Special Populations
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 Ticagrelor has more consistent and 
increased platelet inhibition as compared to 
clopidogrel (as shown in �gure 7). �e spe-
ci�cs 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 O�set of Antiplatelet E�ects Compar-
ing Ticagrelor, Clopidogrel, and Placebo 
With Aspirin) study via light transmittance 
aggregometry (LTA), VerifyNow® (Accu-
metrics, San Diego, CA, USA), and vasodi-
lator-stimulated phosphoprotein, phospho-
rylation assay in patients with stable coro-
nary artery disease. Greater platelet inhibi-
tion 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 

 �e pharmacokinetics of ticagrelor 
has also been assessed in several di�erent 
ethnic groups. Ticagrelor and 
AR-C124910XX exhibited linear and pre-
dictable pharmacokinetics in healthy Chi-
nese volunteers at doses of 90 and 180 mg. 
Exposures to ticagrelor and 
AR-C124910XX at steady state were slight-
ly higher in Chinese volunteers compared 
with Caucasian volunteers in other studies. 
�e pharmacokinetics of ticagrelor and 
AR-C124910XX in Japanese volunteers 
was assessed in two ethnicity-bridging stud-
ies. Pharmacokinetic pro�les were broadly 
comparable between Japanese and Cauca-
sian volunteers following single ascending 
doses (50–600 mg) and multiple ascending 
doses (100 or 300 mg) of ticagrelor. After 
adjustments to account for di�erences in 
body weight between the ethnic groups, 
exposure to ticagrelor and AR-C124910XX 
was approximately 20 % greater in Japanese 
versus Caucasian participants. �ese �nd-
ings were consistent with observations in a 
similar study of Japanese patients with cor-
onary artery disease. In DISPERSE (Dose 
Con�rmation Study Assessing Anti-Platelet 
E�ects of AZD6140 vs. Clopidogrel in 
Non-ST-segment Elevation Myocardial 
Infarction), after treatment with ticagrelor 
(45 or 90 mg twice daily) for 28 days, the 
area under the plasma concentration–time 
curve (AUCτ) and Cmax of ticagrelor and 

AR-C124910XX were 1.3- to 1.5-fold 
greater in Japanese patients than in Cauca-
sian patients. �e observed di�erences in 
exposure to ticagrelor in Chinese and Japa-
nese versus Caucasian patients are not of 
su�cient magnitude to warrant dose 
adjustment on the basis of ethnicity. [14, 
Rank 1]

Pharmacodynamics
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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). �e study found 
that the o�set of ticagrelor was also more 
rapid, with similar platelet inhibition on 
day three of ticagrelor compared to day �ve 
of clopidogrel. Similarly, platelet inhibition 
of ticagrelor at day �ve and clopidogrel at 
day seven were similar to placebo. [15, 
Rank 2]
 In DISPERSE (Dose Con�rmation 
Study Assessing Antiplatelet E�ects 
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. Ticagre-
lor exhibited maximal platelet inhibition 
2–4 hours post dose (90%–95%), whereas 
platelet inhibition with clopidogrel was 
minimal during this timeframe (60%). 
DISPERSE-2 compared the antiplatelet 
e�ect of ticagrelor in patients previously 
exposed to clopidogrel and those that were 
clopidogrel naïve. Ticagrelor produced 
greater platelet inhibition regardless of pre-
vious exposure to clopidogrel and to an 
extent similar to that of the DISPERSE 
trial. [16, Rank 3]

Ticagrelor
(Direct acting)

Absorbed in intestine, direct- acting,
and active immediately

ADP

Ticagrelor

Activated Platelets

Clopidogrel

P2Y12 Receptor

Rapid and Potent Onset of 
E�ect

Delayed Onset and Less 
Potent E�ect

Absorbed in intestine and activated in 
the liver by cytochrome P450

Active Metabolite

Clopidogrel
(Prodrug)

Figure 7: Pharmacodynamics of Ticagrelor and Clopidrogel
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 �e RESPOND (A Study of the An-
tiplatelet E�ects Comparing Ticagrelor 
With Clopidogrel Responders and Non 
responders) study investigated the response 
to ticagrelor in patients with stable coro-
nary artery disease who were identi�ed as 
responders or non-responders to a 300 mg 
loading dose of clopidogrel. Responsiveness 
was based on adenosine diphosphate-in-
duced platelet aggregation measured before 
and 6–8 hours after the dose. Non respond-
ers were identi�ed when the absolute 
change in platelet aggregation was ≤10%. 
Inhibition of platelet aggregation (via LTA, 
Verify Now, and vasodilator-stimulated 
phosphoprotein phosphorylation assay) 
was signi�cantly greater However, in a 
pharmacokinetic analysis in 1159 patients 
participating in the TRITON-TIMI 38 
trial, the systemic exposure to prasugrel was 
not appreciably a�ected by diabetes melli-
tus status. Of note, a separate analysis of 
prasugrel active metabolite kinetics for 
insulin-treated diabetic was not performed. 
It seems therefore that our �ndings of a 
neutral and a negative impact of non insu-
lin-treated diabetes mellitus and insu-
lin-treated diabetes mellitus on platelet 
reactivity respectively, could be attributed 
to platelet dysfunction in the latest high 
risk subgroup which cannot be entirely 
overcome by the potent antiplatelet thieno-
pyridine prasugrel. In the largest so far 

pharmacodynamic study of patients under 
prasugrel maintenance treatment, an HPR 
rate of 10-15 % has been described, 
although not strati�ed by diabetes mellitus 
status. In the present study, HPR rate under 
prasugrel therapy was slightly lower, while a 
trend for a progressive increase according to 
diabetes mellitus status and type of treat-
ment was apparent. [27, Rank 2]
  In non-responders treated with tica-
grelor 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. �is was demonstrated 
with ticagrelor’s ability to overcome non 
responsiveness to clopidogrel with a >10%, 
>30%, and >50% decrease in platelet aggre-
gation from baseline in 100%, 75%, and 
13% of patients, respectively. [17, Rank 2]
 �e pharmacodynamic e�ect of 
P2Y12 receptor antagonists, on or o� 
target, is related to the exposure of the 
active drug. �e active metabolites of the 
thienopyridines can only be detected in the 
systemic circulation for about 4 h following 
intake of the prodrug and then only at 
levels below their in vitro IC50values, 
determined as the concentration providing 
50% inhibition of adenosine diphos-
phate‐induced platelet aggregation. One 
can therefore argue that the thienopyridines 
have limited or no systemic exposure and 
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one may hypothesize that the platelet inhi-
bition by thienopyridines mainly takes 
place in the hepatic circulation where the 
active metabolites are formed and therefore 
likely present at higher concentrations. 
Because of their irreversible mode of action, 
however, thienopyridines can overcome the 
shorter duration of action of their active 
metabolite so that they still can provide 
platelet inhibition over 24 h. [19, Rank 2]
 In contrast to thienopyridines, tica-
grelor does not require hepatic enzyme‐de-
pendent conversion into an active metabo-
lite. �at said ticagrelor has a major circu-
lating metabolite, AR‐C124910XX, with 
plasma exposure of 30–40% and similar 
potency versus P2Y12 as the parent ticagre-
lor. Ticagrelor is given twice a day, which 
provides a biphasic increase in the plasma 
concentration of ticagrelor and 
AR‐C124910XX over 24 h. Given that 
both ticagrelor and its metabolite are active 
and reversibly binding to the platelet 
P2Y12 receptor, the main pharmacody-
namic e�ect, platelet inhibition, is directly 
related to the combined exposure of ticagre-
lor and AR‐C124910XX in the systemic 
circulation. As predicted from the in-vitro 
potency data, a high and continuous plate-
let inhibition is achieved in patients as the 
plasma exposure of ticagrelor is well above 
its in vitro IC50throughout 24 h. �e pres-
ence of an active drug in the systemic 

 A limitation of the conventional 
thienopyridine P2Y12 receptor inhibitors is 
the fact that both clopidogrel and prasugrel 
are pro-drugs requiring hepatic metabolism 
via various CYP isoenzymes to convert to 
their active metabolites. In particular, clopi-
dogrel requires a two-step process for 
hepatic metabolism, in which the 
CYP2C19 isoenzyme is responsible for 
more than half of the �rst-step formation. 
�ere are at least three major genetic poly-
morphisms of the CYP2C19 isoenzyme. 
CYP2C19*1 corresponds to normal func-
tion 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. 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 informing health 
care providers of its potential for dimin-
ished e�ectiveness and risk for higher cardi-
ovascular event rates in poor metabolizers 
of CYP2C19 isoenzyme. It states that geno-
typing is available and alternative treatment 
or treatment strategies could be considered 

circulation throughout 24 h provides what 
can be referred to as a systemic potential. 
[20, Rank 3]

Pharmacogenomics
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in those identi�ed as CYP2C19 poor me-
tabolizers. �e American College of Cardi-
ology Foundation and American Heart 
Association (AHA) also released a clopi-
dogrel clinical alert statement addressing 
the FDA’s boxed warning and emphasized 
that clinicians must be aware that genetic 
variability in CYP enzymes can alter clopi-
dogrel metabolism, a�ecting its inhibition 
of platelet function, and clinical outcomes. 
However, similar to the FDA, they did not 
mandate or require genetic testing to allow 
for �exibility in clinical decisions. �ey 
suggest that genetic testing could be used in 
patients at moderate or high risk for poor 
outcomes (i.e., undergoing elective, 
high-risk percutaneous coronary interven-
tion procedure) to determine if the patient 
is a poor metabolizer and may not bene�t 
from clopidogrel. [21, Rank 4]
 Prasugrel requires a single CYP-de-
pendent step for conversion to its active 
metabolite predominantly through 
CPY3A4 and CYP2B6, thus not impacting 
patients with CYP2C19 polymorphisms. 
Observational studies have demonstrated 
no signi�cant decrease in plasma concen-
trations 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 

inhibition activity that could be present in 
the presence of a loss-of-function 
CYP2C19 allele. [22, Rank 3]
 �ere are three genetic studies under-
way to evaluate ticagrelor in acute coronary 
syndrome patients. One study seeks to 
enroll patients identi�ed with both HTPR 
using standard-dose clopidogrel and with a 
loss-of-function allele CYP2C19*2 and 
assign them to standard maintenance doses 
of ticagrelor or prasugrel or higher mainte-
nance 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 genet-
ic 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 test-
ing where the control group receives no 
genetic testing and standard therapy of tica-
grelor, prasugrel, or clopidogrel at the phy-
sician’s discretion compared to an algo-
rithm-based modi�cation of P2Y12 recep-
tor inhibitor therapy based on genetic test-
ing identifying loss-of-function alleles 
CYP2C19*2 or ABCB-1 C.58 �e study 
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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. 
�e study does not publish the pheno-
type–genotype P2Y12 algorithm; however, 
patients are maintained on their antiplatelet 
therapy for 1 year when platelet reactivity 
and major cardiac and bleeding outcomes 
will be evaluated. �ese studies will help 
provide further information on the utility 
of genetic testing and even the utilization of 
the combination of genetic testing and 
HTPR identi�ed through point-of-care 
assays in the potential for more personal-
ized medical use of P2Y12 inhibitors. [23, 
Rank 5]

coronary syndrome patients and to aug-
ment adenosine‐induced physiological 
responses, including increases in coronary 
blood �ow, platelet inhibition, neutrophil 
migration and the sensation of  dyspnoea. 
Importantly, and unlike P2Y12 receptors, 
only ticagrelor and not AR‐C124910XX 
signi�cantly inhibits ENT1. In addition to 
ENT1 inhibition, ticagrelor induced aden-
osine triphosphate release from human 
erythrocytes in vitro; it remains unknown 
whether this e�ect of ticagrelor on erythro-
cytes occurs also in vivo. If present, both 
mechanisms would work together to fur-
ther enhance the local concentration of 
adenosine as adenosine triphosphate is rap-
idly converted into adenosine monophos-
phate via the ectonucleoside triphosphate 
diphosphohydrolase 1 (CD39), with subse-
quent conversion into adenosine via the 
ecto‐5�‐nucleotidase (CD73) [24, Rank 2]

 Adenosine is formed from adenosine 
triphosphate and adenosine diphosphate 
released locally at sites of ischaemia, tissue 
damage and in�ammation. �e t1/2 of 
adenosine in the circulation is a matter of 
seconds due to its rapid cell uptake and 
intracellular metabolism. Ticagrelor inhib-
its the ENT1 transporter (as shown in 
�gure 8) and thereby reduces the cellular 
uptake of adenosine resulting in its pro-
longed local t1/2 and extracellular presence. 
Ticagrelor has been shown to increase the 
plasma levels of adenosine in acute 

ENT1 inhibition by ticagrelor

Figure 8: ENT1 inhibition by ticagrelor
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 Patients with increased platelet turn-
over have higher levels of immature plate-
lets and an increase in the immature platelet 
count has been found to be associated with 
worse cardiovascular outcome supporting 
the hypothesis that these juvenile platelets 
are more pro‐thrombotic. A continuous 
systemic exposure of an active compound, 
as true for ticagrelor, should theoretically 
inhibit newly formed, juvenile platelets 
equally well as the old platelets. �is should 
not be the case for the thienopyridines as 
the platelets formed after elimination of the 
active metabolites from the circulation will 
not be inhibited until the next dose of 
pro-drug on the next day. In support, high 
immature platelets count has been found 
associated with lower anti‐platelet response 
to clopidogrel. A rat study has shown that 
the recovery of platelet function after tica-
grelor administration di�ers from that after 
clopidogrel treatment. Following ticagrelor 
administration, all platelets (old and newly 
formed) were inhibited, and their function 
gradually recovered over time in parallel 
with drug elimination. Following clopi-
dogrel treatment, there was a gradually 
emerging subpopulation of uninhibited 
platelets, probably juvenile platelets. �is 
di�erence in the platelet inhibition 

properties is masked by conventional plate-
let aggregation tests, which evaluate the net 
response of the total platelet population, 
but was revealed by thrombus formation 
measurement under �ow where the juvenile 
un‐inhibited platelets, formed at later time 
points after clopidogrel treatment, 
appeared to support thrombus formation. 
 In another study a mixture of unin-
hibited and prasugrel‐inhibited platelets 
was studied to model the role of juvenile 
platelets formed each day. Twenty percent 
prasugrel‐inhibited plus 80% uninhibited 
platelets were used to mimic diabetics that 
have a high platelet turnover with an 
approximate platelet lifespan of 5 days 
(thus about 20% new platelets should be 
formed each day). By imaging of adenosine 
diphosphate‐induced aggregates of these 
mixtures, the authors showed that uninhib-
ited platelets supported a core of aggregated 
platelets, which was surrounded by prasug-
rel‐inhibited platelets. Another recent study 
explored platelet function after discontinu-
ation of prasugrel in acute coronary syn-
drome patients. �ey found that prasugrel 
discontinuation resulted in the formation 
of an emerging subpopulation of adenosine 
diphosphate‐responsive juvenile platelets, 
which contributed to platelet aggregation 
and thrombus formation under �ow. Final-
ly, a clinical study explored platelet 

Juvenile platelets
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diabetes mellitus had higher vasodila-
tor-stimulated phosphoprotein (VASP) 
index than non-diabetes mellitus patients, 
but this e�ect was not present in multivari-
ate analysis. In a previous analysis, by our 
group, of 234 patients under prasugrel 
maintenance dose, constituting part of the 
present cohort, and assessed by the Verify 
Now, diabetes mellitus had a signi�cant 
e�ect on platelet reactivity with 36.3 % 
increase compared to non-diabetes mellitus 
patients. In the present larger cohort, diabe-
tes mellitus e�ect on prasugrel pharmacody-
namics is further elucidated and seems to be 
mostly con�ned in insulin-treated diabetic 
patients. [26, Rank 4]
 Several explanations could be 
discussed for the above �ndings. Platelets of 
diabetic patients present with a decreased 
sensitivity to insulin, up regulation of the 
P2Y12 pathway and increased reactivity. 
Mechanisms like increased exposure to 
adenosine diphosphate, increased cytosolic 
levels of calcium, and increased platelet 
turnover may also be implicated in the 
response to P2Y12 receptor blockers in dia-
betes mellitus patients. �ese abnormalities 
are likely more pronounced in the insu-
lin-treated diabetic patient and may partial-
ly explain the observed impact on platelet 
reactivity under prasugrel. Moreover, and 
concerning the other thienopyridine, clopi-
dogrel, active metabolite kinetic pro�le-and 

function in acute coronary syndrome 
patients on ticagrelor or prasugrel treat-
ment. �ey found that the number of juve-
nile platelets (immature platelet count) cor-
related with platelet aggregation in patients 
treated with prasugrel, but not in those 
receiving ticagrelor, indicating that juvenile 
platelets contribute to increased platelet 
aggregation in prasugrel‐treated, but not 
with ticagrelor‐treated patients. [25, Rank 
3]

 Antiplatelet therapy with P2Y12 
receptor inhibitors (as shown in �gure 9) 
has become the cornerstone of medical 
treatment in patients with acute coronary 
syndrome, after percutaneous coronary 
intervention and in secondary prevention 
of atherothrombotic events. Previous stud-
ies of factors a�ecting platelet reactivity 
while on prasugrel therapy provided con-
�icting or unclear results concerning the 
impact of diabetes mellitus on it, without 
analyzing the type of diabetes mellitus 
treatment e�ect. Among 444 prasug-
rel-treated patients with acute coronary 
syndrome undergoing percutaneous coro-
nary intervention and assessed 2 to 4 weeks 
after hospital discharge, patients with 

Platelet Reactivity under 
�ienopyridine Treatment in 

Diabetes
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to a lesser degree platelet dysfunction-seem 
to be mostly responsible for the overall 
impaired platelet P2Y12 receptor blockade 
mediated in diabetes mellitus patients. 
 However, in a pharmacokinetic anal-
ysis in 1159 patients participating in the 
TRITON-TIMI 38 trial, the systemic 
exposure to prasugrel was not appreciably 
a�ected by diabetes mellitus status. Of 
note, a separate analysis of prasugrel active 
metabolite kinetics for insulin-treated dia-
betic was not performed. It seems therefore 
that our �ndings of a neutral and a negative 
impact of non insulin-treated diabetes mel-
litus and insulin-treated diabetes mellitus 
on platelet reactivity respectively, could be 
attributed to platelet dysfunction in the 
latest high risk subgroup which cannot be 

entirely overcome by the potent antiplatelet 
thienopyridine prasugrel. In the largest so 
far pharmacodynamic study of patients 
under prasugrel maintenance treatment, an 
HPR rate of 10-15 % has been described, 
although not strati�ed by diabetes mellitus 
status. In the present study, HPR rate under 
prasugrel therapy was slightly lower, while a 
trend for a progressive increase according to 
diabetes mellitus status and type of treat-
ment was apparent. [27, Rank 2]
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 In a patient-level data meta-analysis 
of 8 studies involving 445 ticagrelor-treated 
patients, diabetes mellitus did not emerge 
as a factor predicting platelet reactivity, 
although independently associated with 
lower probability for platelet reactivity <10 
PRU. In line, in the present analysis, 
among ticagrelor-treated patients, no sign 
of any in�uence on platelet reactivity by 
diabetes mellitus was seen, even in the high 
risk group of insulin-treated diabetic 
patients. Hence, insulin-treated diabetes 
mellitus status may impact the thienopyri-
dines clopidogrel and prasugrel action, but 
not ticagrelor’s one, which is a cyclopentyl-
triazolo-pyrimidine. Moreover, ticagrelor is 
a reversible P2Y12 adenosine diphosphate 
receptor blocker, administered twice daily, 
which may be more optimal for providing 
consistent inhibition for patients with high 
platelet turnover rates such as those with 
diabetes mellitus. Although it is unknown 
whether diabetes mellitus status modulates 
plasma levels of ticagrelor and its metabo-
lite (AR- C124910XX), the described 
absence of any impact on its pharmacody-
namics makes it extremely unlikely. In no 
case we advocate absence of platelet abnor-
malities following ticagrelor treatment. 

 As the great majority of prasugrel- 
and all of ticagrelor-treated patients respec-
tively had platelet reactivity levels below the 
threshold known to be accompanied by 
ischemic events, our results do not provide 
a potential explanation why diabetic 
patients and particularly insulin-treated 
ones have worse outcomes, despite treat-
ment with novel antiplatelet agents. �e 
observed detrimental impact of insu-
lin-treated diabetes mellitus on platelet 
reactivity under prasugrel may simply 
re�ect platelet dysfunction of unclear clini-
cal signi�cance, considering the excellent 
performance of this agent in insulin-treated 
diabetes mellitus in TRITON-TIMI 38- 
with a 37 % reduction in the primary end-
point compared to clopidogel. Further-
more, the described impact of insulin-treat-
ed diabetes mellitus on platelet reactivity 
under prasugrel is not in discordance with 
the relative greater bene�t provided by pra-
sugrel in the insulin-treated diabetic cohort 
versus non-insulin treated diabetic. �is, 

Only 1 signaling pathway, the P2Y12 one, 
is blocked by ticagrelor, leaving multiple 
other signaling pathways, many known to 
be unregulated in diabetes mellitus 
patients, uninhibited. [28, Rank 4]

Platelet Reactivity under 
Ticagrelor Treatment

Clinical Relevance
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 Coronary artery disease (CAD) and 
acute coronary syndrome (ACS) are leading 
causes of mortality in the United States. 
Interventions that may reduce the inci-
dence of acute coronary syndrome or miti-
gate its sequelae are therefore of substantial 
societal bene�t. However, the populations 
evaluated in most randomised cardiovascu-
lar outcomes trials do not re�ect the broad 
range of ethnicities to which the therapies 
studied may be subsequently applied in 
clinical practice. Engaging under-represent-
ed communities in research and identifying 
patient subgroups whose response to a 
given therapy may di�er from that of the 
average patient in a trial are priorities for 
scienti�c research and investment. Ticagre-
lor is an oral platelet P2Y12-receptor antag-
onist that signi�cantly reduces major cardi-
ovascular events after acute coronary syn-
drome compared with clopidogrel, driven 
by reductions in myocardial infarction and 
cardiovascular death, without a signi�cant 
increase in all-cause major bleeding, 
although non-coronary artery bypass graft-
ing related bleeding is increased. [1, Rank 
5]

most likely re�ects a considerable ‘weak-
ness’ of clopidogrel in insulin-treated dia-
betic patients. In the diabetes mellitus sub-
group of the TRITON-TIMI-38 trial, 
there was no di�erence in major bleeding 
between prasugrel and clopidogrel treated 
patients, regardless diabetes mellitus treat-
ment type. Even with the insulin detrimen-
tal e�ect, platelet reactivity values in our 
prasugrel-treated diabetes mellitus patients 
were much lower than provided by clopi-
dogrel and are, therefore, unlikely to pro-
vide an explanation for bleeding rates 
observed in diabetes mellitus cohort of 
TRITON-TIMI-38 trial. [29, Rank 3]
 HPR under prasugrel, even in insu-
lin-treated diabetic patients was very low. 
Nevertheless, its identi�cation might 
enable a better understanding of their indi-
vidual risk pro�le and allow the future 
development of targeted treatment strate-
gies for these patients. Overall, our study 
o�ers a better understanding of diabetes 
mellitus status and treatment in�uence on 
novel antiplatelets’ pharmacodynamic 
behaviour, while it demonstrates a di�eren-
tial e�ect of insulin-treated diabetes melli-
tus on PR according to the administered 
antiplatelet agent. [30, Rank 5]

 �e PLATelet inhibition and patient 
Outcomes (PLATO) trial compared ticagr-
elor with contemporary regimens of clopi-
dogrel in patients with acute coronary syn-
dromes (ACS) and demonstrated superiori-
ty of ticagrelor in reduction of recurrent 
ischemic events. �ere was also an observed 
reduction in total mortality in the ticagrelor 
group compared to the clopidogrel group 
(4.5% vs. 5.9%; hazard ratio (HR) 0.78, 
95% con�dence intervals (CI) 0.69–0.89), 
including both a signi�cant reduction in 
cardiovascular death (4.0% vs. 5.1%; HR 
0.79, 95% CI 0.69–0.91), which included 
deaths of unknown cause, and a trend 
towards reduction in non-cardiovascular 
mortality (0.4% vs. 0.8%; HR 0.71, 95% 
CI 0.49–1.04) [31, Rank 1].
 Ticagrelor is an oral, reversibly-bind-
ing platelet P2Y12 receptor inhibitor 
belonging to a novel chemical class that also 
inhibits adenosine reuptake. �is is in 
distinction to clopidogrel and other thieno-
pyridines that are prodrugs acting through 
hepatic metabolites that bind irreversibly to 
the P2Y12receptor and are not known to 
have any e�ect on adenosine metabolism. 
Ticagrelor yielded greater inhibition of 
platelet aggregation than clopidogrel in the 
PLATO study, which might at least partly 

 Platelets stop bleeding from damaged 
blood vessels and initiate repair processes. 
�ey contain many important components 
for these functions, of which surface glyco-
proteins are critical for two processes, adhe-
sion and aggregation (as shown in �gure 1. 
Vascular damage such as rupture or erosion 
of an atherosclerotic plaque can trigger 
platelet aggregation. Platelets normally 
circulate through the vasculature in a 
non-adhesive state. Upon the detection of 
an exposed sub endothelial matrix, platelets 
are induced to come into close contact with 
the vessel wall and roll, then arrest, at the 
site of the vessel injury. �e process of adhe-
sion is orchestrated by the platelet adhesion 
receptors GPVI and GPIb-IX-V. �e 
release of soluble agonists, such as adeno-
sine diphosphate and thromboxane A2 am-
plify platelet activation. Platelet adhesion 
and activation results in the formation of a 
platelet plug. �e resultant thrombus may 
lead to vascular occlusion, causing hypoxia 
and tissue damage. �rombus occlusion of 
a coronary artery, which may result in an 
acute myocardial infarction, is the proxi-
mate cause of acute coronary syndrome 
(ACS). With platelets thus playing a central 
role in atherothrombosis and consequent 
pathologies, antiplatelet therapy has 

�e PLATO Trial
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protein (CRP) and interleukin-6 (IL-6) 
have been associated with adverse outcomes 
and mortality in previous studies of acute 
coronary syndrome patients. We performed 
an analysis of serial blood leukocyte counts 
and in�ammatory markers in patients par-
ticipating in the PLATO study to assess 
their impact on clinical outcomes and were 
able, in the current study, to assess any 
di�erences of ticagrelor compared to clopi-
dogrel on leukocyte counts and acute and 
chronic in�ammatory responses following 
acute coronary syndrome. [32, Rank 2] 

 Ticagrelor was evaluated in an early 
prospective, randomized, double-blind; 
Phase II DISPERSE-2 study in 990 
patients with non ST elevated myocardial 
infarction. 60 Participants were rand-
omized to ticagrelor 90 mg twice daily, 180 
mg twice daily, or clopidogrel 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. �e primary objective was to assess 
the safety and tolerability of ticagrelor 
versus clopidogrel in addition to aspirin. 
�e primary endpoint was major and 

explain its superiority in reducing the inci-
dence of myocardial infarction and associ-
ated cardiovascular death. Platelets play a 
key role in the in�ammatory response to 
vascular injury and also contribute to 
innate immune responses. Since the platelet 
P2Y12 receptor markedly ampli�es the 
release of pro-in�ammatory chemokines 
from platelet granules, it has a dominant 
role in supporting platelet-mediated 
in�ammation. Adenosine not only has an 
inhibitory e�ect on platelet responses but 
also has wide-ranging e�ects on other path-
ways involved in innate immunity and may 
have a protective e�ect against pulmonary 
injury. In order to explore whether the mor-
tality bene�t of ticagrelor compared to 
clopidogrel in the PLATO study may be 
related to mechanisms in addition to more 
e�ective prevention of arterial thrombotic 
events, we therefore performed a post hoc 
analysis of adverse events (AEs) attributable 
to pulmonary infection and sepsis.
 Higher levels of in�ammatory mark-
ers such as neutrophil count, C-reactive 

Clinical Outcome 
Studies of Ticagrelor

Ticagrelor is a more effective 

alternative than clopidogrel 

for the continuous preven-
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thrombosis and death in the 

acute and long term treat-

ment of patients with ACS
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minor bleeding through 4 weeks. Major 
and minor bleeding was 8.1% for clopi-
dogrel, 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 clopi-
dogrel, 7.1% for ticagrelor 90 mg, and 
5.1% for ticagrelor 180 mg (P = 0.91 and P 
= 0.35, respectively, versus clopidogrel). 
�ere were also non signi�cant favourable 
trends for decreased rates of myocardial 
infarction 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). 
Non hemorrhagic adverse e�ects were com-
parable between clopidogrel, ticagrelor 90 
mg, and ticagrelor 180 mg except for di�er-
ences in rates of dyspnoea, diarrhoea, hypo-
tension, and asymptomatic ventricular 
pauses ≥ 2.5 seconds. Speci�cally, the rate 
of dyspnoea was signi�cantly higher for 
ticagrelor 180 mg compared to clopidogrel 
(15.8% versus 6.4%; P < 0.002) as was the 
incidence of ventricular pauses with ticagre-
lor 180 mg compared to clopidogrel (7.9% 
versus 4.3%; P = 0.14). Ticagrelor 90 mg 
twice daily had similar e�cacy and safety 
compared to clopidogrel while ticagrelor 
180 mg twice daily had worse safety com-
pared to clopidogrel. �us, the dose of tica-
grelor 90 mg twice daily was pursued fur-
ther in clinical development. [33, Rank 1]

 A Phase IV, prospective, randomized, 
double-blind study will be conducted in 
1770 patients to determine the e�cacy and 
safety of pre hospital versus in-hospital 
initiation of ticagrelor in ST elevated myo-
cardial infarction patients planned for per-
cutaneous coronary intervention.77 
Patients will receive ticagrelor 180 mg load-
ing dose either in the �eld or at the hospital 
followed by 90 mg twice daily for 30 days. 
�e primary outcome measures are TIMI 
�ow Grade III of myocardial infarction cul-
prit vessel at initial angiography and 
ST-segment resolution up to pre-percuta-
neous coronary interventions ≥ 70%. �is 
study is expected to be complete by May 
2013.
 A prospective, randomized, dou-
ble-blind, double-dummy, Phase III study 
is being conducted in 800 Asian/Japanese 
patients to assess the safety and e�cacy of 
ticagrelor for acute coronary syndrome.30 
Patients will be randomized to ticagrelor 90 
mg twice daily versus clopidogrel 75 mg 
daily in addition to aspirin. �e primary 
outcomes are time to �rst total major bleed-
ing event up to 12 months and time to �rst 
occurrence of event from the composite of 
death from vascular causes, myocardial 

Ongoing Clinical 
Outcome Studies
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infarction, and stroke up to 12 months. 
�is study was expected to be completed in 
July 2012; however, no results have been 
published for this study yet. [34, Rank 2]
 Platelet aggregation exerts an impor-
tant role in ischemic complications in 
patients submitted to percutaneous coro-
nary intervention (PCI). Both the athero-
sclerotic plaque instability and factors relat-
ed to the procedure itself (endothelial 
trauma) and contact of thrombogenic 
structures and the blood are responsible for 
this platelet aggregation in patients submit-
ted to percutaneous coronary intervention. 
Despite thromboxane A2 and adenosine 
diphosphate (ADP) act synergistically in 
platelet activation, adenosine diphosphate 
interaction with its receptors, especially P2 
receptors, enhances and sustains this activa-
tion. For this reason, these receptors have 
been the main target of current antiplatelet 
drugs.
 Platelets are non-nucleated frag-
ments of megakaryocytes that circulate in 
the blood stream and have a �attened disk 
conformation when not activated. �ey 
participate in a number of biological pro-
cesses, from �ghting infectious agents to 
initiating tissue repair by activating angio-
genesis. �us, their functions go well 
beyond the participation in the coagulation 
cascade, and they play a key role in 

modulating the whole tissue repair process. 
[35, Rank 4]
 In the presence of vascular injury or 
trauma, sub endothelial proteins, such as 
Von Willebrand factor and collagen, are 
exposed and platelet adhesion occurs with 
the objective of promoting tissue healing. 
�e interaction between these proteins and 
platelets is mediated by a number of recep-
tors at the platelet surface (GPIbα, GPVI α
2β1), and platelet activation occurs con-
comitantly to adhesion. Multiple metabolic 
pathways are stimulated, leading to an 
increase in calcium intracellular concentra-
tion. �is increase activates phospholipase 
A2 and actin-myosin adenosine triphos-
phatase, leading to thromboxane A2 forma-
tion and platelet conformational change, 
respectively. When activated, platelets 
release their granules (containing adenosine 
diphosphate, adenosine triphosphate, sero-
tonin, calcium, �brinogen, Von Willebrand 
factors, cytokines and pro-thrombotic 
factors), increasing their volume and reac-
tivity. In order to form this aggregate, plate-
lets interact through the binding of �brino-
gen and glycoprotein IIb/IIIa receptor. [36, 
Rank 4]
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Platelet antiaggregation is essential in the 
management of patients submitted to per-
cutaneous coronary interventions. �e risks 
of bleeding and thrombotic events must 
guide antiaggreagation therapy intensity. 
�e more intense the antiaggregation, 
higher the peri and post-surgery bleeding 
risks. �ese risks must always be evaluated, 
since bleeding complications per se lead to 
a worse prognosis. In the group of patients 
with chronic renal dysfunction, for exam-
ple, dual platelet antiaggregation therapy 
greatly increases hemorrhagic events, 
reducing or even overriding percutaneous 
coronary intervention bene�t on a medium 
term basis. �e bleeding risk can be evaluat-
ed by clinical prediction scores such as 
CRUSADE, but these scores do not have 
good prediction values, limiting proper 
evaluation of the hemorrhagic risk.
 Antiplatelet selection must thus be 
carefully evaluated taking into account all 
adverse events, since its discontinuation 
imposes and increased risk of ischemic 
events to patients submitted to percutane-
ous coronary intervention. Accessing anti-
platelet reactivity may allow anti-aggrega-
tion therapy individualization. However, 
tests for evaluating the response to platelet 

 Secreted by red blood cells, endothe-
lial cells and released in platelet granules, 
adenosine diphosphate is an important me-
diator of the activation and platelet aggre-
gation ampli�cation (as shown in �gure 
10). Adenosine diphosphate interacts with 
the platelet surface through receptors of the 
P2 family, whose two subtypes can be 
di�erentiated by the intracellular activation 
pathway: P2X (binded to ion channels) and 
P2Y (coupled to G protein). �ere is cur-
rently a new classi�cation based on the ago-
nist type: P2X1, activated by adenosine 
triphosphate; P2Y1 and P2Y12, activated 
by adenosine diphosphate (as shown in 
�gure 11).
  �e P2X1 receptors are responsible 
for a transient conformational change in 
platelets, which is associated to the rapid 
calcium in�ux. �us, though not capable of 
sustaining platelet aggregation, they con-
tribute to collagen-induced activation. [37, 
Rank 4]
 P2Y1 receptors can be found in mul-
tiple tissues, including the heart, blood ves-
sels, smooth muscular cells, nervous tissues, 

anti-aggregation drugs are still expensive, 
lack sensitivity and still require robust 
evidence showing clinical bene�t. [24, 
Rank 2] 

ADP and P2 platelet receptors

Platelet Aggregation 
and Antiplatelet Selection
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testicles, prostate and ovaries. In response 
to adenosine diphosphate-mediated activa-
tion, calcium is mobilized from platelet 
storage, leading to conformational change 
and transient aggregation. �is receptor has 
a key role in the beginning of adenosine 
diphosphate-induced activation, but, for 
the e�ective stabilization of platelet throm-
bus, the activation of other receptors is 
required. [38, Rank 3]
 P2Y12 receptors, besides being 
found in platelets, are also present in the 
microglia, endothelial cells and smooth 
muscle cells. �ese receptors have a central 
role in the ampli�cation of the aggregation 
induced by all platelet agonists, such as col-
lagen, thrombin, thromboxane A2, adrena

line and serotonin. Despite that, the agonist 
with the highest a�nity, as observed with 
P2Y1 receptors, is adenosine diphosphate. 
�e intracellular response to its activation is 
the inhibition of cAMP (cyclic adenosine 
monophosphate) production, vasodila-
tor-stimulated phosphoprotein (VASP) 
dephosphorylation and GTPase Rap1B and 
phosphoinositide 3-kinase (PI3-K) activa-
tion. �e activation of both P2 receptors is 
important to adenosine diphosphate-in-
duced aggregation, since the selective inhi-
bition of one receptor leads to an important 
reduction in platelet aggregation. [39, Rank 
4]
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 Antiplatelet drugs are essential in the 
management of patients submitted to per-
cutaneous coronary intervention. �ere are 
three groups of antiaggregation drugs with 
proven clinical e�cacy: cyclooxygenase 
inhibitors (AAS), P2Y12 receptor inhibi-
tors and glycoprotein IIb/IIIa antagonists. 
�e P2Y12 receptor is the main target of 
oral inhibitory agents, since it is directly 
involved in the ampli�cation of the platelet 
reactivity required for thrombus formation. 
�ere are three classes of P2Y12receptors: 
thienopyridines, adenosine triphosphate 
analogues and ciclopentil-triazolo pyrimi-
dines (as shown in �gure 12). [40, Rank 3]

 �e �rst and the second generation 
of thienopyridines are represented by 
ticlopidine and clopidogrel, respectively. 
Ticlopidine's utilization is limited by a 
greater incidence of hematologic adverse 
e�ects, such as neutropenia and agranulo-
cytosis. Clopidogrel is a pro-drug that must 
be metabolized in a two-step process by 
cytochrome P450 (CP450) in the liver to 
an active metabolite, which will irreversibly 
bind to the P2Y12 receptors. �e majority 
of the absorbed clopidogrel (85-90%) is 
hydrolyzed in inactive carboxylic acid and 
the remaining is rapidly metabolized by 
CP450. �e 75-mg clopidogrel dose starts 
acting after two hours, but three to seven 
days are needed to achieve maximum plate-
let inhibition. �e time for achieving its 
peak action, however, can be reduced with 
the utilization of loading doses. With a 300 
mg- or 600 mg loading dose, maximum 
inhibition is achieved in 12 and 3 hours, 
respectively
 It is worth highlighting that these are 
mean population values which do not 
re�ect the necessary individual aggregation 
degree, since a number of pharmacokinetics 
studies were performed in normal

P2Y12 receptor inhibitors

�ienopyridines

P2 platelet 
receptors

P2X P2X1
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 individuals without coronary artery disease 
(CAD) and no damage to organs responsi-
ble for drug excretion or metabolization. 
Doses higher than 600 mg did not lead to 
more antiaggregation, since these doses did 
not lead to an increase in the concentration 
of the active metabolite.
 Clopidogrel, despite showing e�ca-
cy, cannot be considered the ideal antiag-
gregant. Its main inconveniences are its 
great individual variability, due to metabol-
ic di�erences(as shown in �gure 13), the 
irreversible inhibition of the receptors, 
increasing bleeding risk specially in patients 
submitted to surgical procedures, and its 
latency to achieving the peak of action 
(reducing its bene�t to acute coronary 

syndrome (ASC) patients needing fast 
platelet activity inhibition. [37, Rank 3]
 Approximately 30% of the patients 
taking conventional doses of clopidogrel 
develop resistance or low response to the 
drug. �is percentage represents a clinically 
vulnerable population with a high risk of 
major cardiovascular events, including 
acute myocardial infarction, stent throm-
bosis and death. Various factors in�uence 
this individual variability, including obesity, 
diabetes mellitus, acute coronary syn-
drome, age and mutations in the genes 
coding P450 cytochrome enzymes.
 �e patients that are homozygous for 
mutant alleles of CYP2C19 present a high 
risk of cardiovascular events; mainly stent 

ADP

Platelet
P2Y12

PI3K

GPllb/llla

Platelet 
activation

P2Y12 antagonist: 
Clopidogrel
Prasugrel
Ticagrelor
Cangrelor
Elinogrel

Figure 13: Platelet inhibition agents



31

® �ienopyridines and Ticagrelor

�e most recent P2Y12 receptor inhibitor 
class is the ciclopentil-triazolo pyrimidines, 
represented by ticagrelor. Unlike the 
thienopyridines, ticagrelor does not need to 

thrombosis. Due to this evidence, the FDA 
issued an alert recommending that the utili-
zation of other antiaggregation agent or 
unusual doses of clopidogrel be considered 
for these patients, individualizing platelet 
antiaggreagation.
 Individualized therapy is common in 
clinical cardiology. Various drug classes are 
dosed according to the clinical or laborato-
ry response of the patient, such as anti-hy-
pertensive and anticoagulant drugs, respec-
tively.
 �e utilization of laboratory exams 
that allow a more precise evaluation of the 
individual variability in antiaggregant 
response is thus necessary. Currently, two 
test groups are available for this purpose: 
genetic and platelet reactivity tests. Since 
the genotype is constant, its evaluation is 
not capable of adequately measuring the 
cumulative in�uence and the dynamics of 
the various factors that interfere in platelet 
reactivity; thus, despite still limited by tech-
nical factors, it is more appropriate to eval-
uate the �nal phenotype than the genotype. 
[36, Rank 5]

be metabolized by the liver, interacts with 
platelet receptors reversibly and has faster 
onset and peak of action. Action onset and 
peak are similar to clopidogrel in non-re-
sponding patients.
 Both e�cacy and safety of ticagrelor 
were evaluated in the PLATO study, in 
which 18,624 acute coronary syndrome 
patients were randomized for receiving 
clopidogrel (75 mg/day, with a loading dose 
of 300 to 600 mg) or ticagrelor (90 mg 
twice daily, with a 180 mg loading dose). 
�e primary combined endpoint (mortality 
due to vascular cause, acute myocardial 
infarction or stroke) in 12 months was 
signi�cantly smaller in the ticagrelor group 
(9.8% vs 11.7%). No signi�cant di�erence 
was veri�ed on major bleeding rates when 
the study's major bleeding rate was used. 
However, when TIMI's major bleeding 
criteria were used, the bleeding rate was 
higher in patients not submitted to myocar-
dial bypass in the ticagrel or group (2.8% 

 In 40 healthy volunteers who 
received ticagrelor 200 mg, systemic expo-
sure to ticagrelor and AR-C124910XX was 
approximately 40–60 % higher in elderly 
versus young subjects and in women versus 
men. However, no dose adjustment is con-
sidered necessary on the basis of either age 
or gender; nor is dose adjustment required 
in patients with severe renal impairment or 
mild hepatic impairment. �e use of ticagr-
elor is contraindicated in patients with 
severe hepatic impairment. As ticagrelor 
metabolism occurs in the liver, exposure to 
the parent drug will probably increase in 
severe hepatic impairment. In addition, the 
bleeding risk is increased in severe hepatic 
impairment because of reduced synthesis of 
coagulation proteins. No pharmacokinetic 
data are available in patients with moderate 
hepatic impairment (need to consider the 
risk–bene�t of ticagrelor due to probable 
increase in exposure) or patients receiving 
renal dialysis. [12, Rank 3]

 In PLATO, the incidence of dysp-
noea was higher with ticagrelor compared 
with clopidogrel. Ticagrelor inhibits plate-
let activity via P2Y12 receptor inhibition 
and also via adenosine. A potential mecha-
nism of ticagrelor-induced dyspnoea 
involves increased endogenous levels of 
adenosine. Adenosine can induce dyspnoea 
in normal and asthmatic subjects. �us, 
two randomized, double-blind, place-
bo-controlled, two-way crossover studies 
were conducted to evaluate the pharma-
cokinetics, pharmacodynamics and safety 
of ticagrelor in subjects at risk of respiratory 
impairment (healthy elderly) and in 
patients with respiratory impairment (mild 
asthma or mild to moderate chronic 
obstructive pulmonary disease [COPD]). 
Although exposure to ticagrelor (at steady 
state) and AR-C124910XX (after a single 
dose of ticagrelor and at steady state) 
appeared to be lower in patients with 
asthma or chronic obstructive pulmonary 
disease compared with healthy elderly vol-
unteers, no consistent relationship was 
observed between exposure and minute 
ventilation, respiratory rate, tidal volume, 
spirometry, pulse oximetry or dyspnoea. 
Furthermore, ticagrelor did not appear to 
alter pulmonary function at rest or during 
exercise; bronchospasm (as determined by 
spirometry and pulse oximetry) was not 
observed in any cohort. [13, Rank 3]

Ticagrelor
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vs. 2.2%; p = 0.03).�e isolated analysis of 
acute myocardial infarction, vascular mor-
tality and all-cause mortality rates showed a 
statistically signi�cant rate in patients 
taking ticagrelor. In this study, the main 
adverse e�ects were dyspnoea and bradycar-
dia. [33, Rank 2]
 One possible hypothesis for explain-
ing the mortality reduction obtained with 
ticagrelor is that this drug has other e�ects 
besides antiplatelet action. Ticagrelor 
inhibits adenosine reuptake by red blood 
cells and is structurally related to adenosine, 
suggesting that the latter may be one of its 
metabolites. Adenosine has cytoprotective, 
anti-in�ammatory, anti�brotic and cardio 
protective properties, which could explain 
ticagrelor bene�ts. Adenosine can also justi-
fy the main adverse e�ects of this drug, 
such as dyspnoea and ventricular pauses. 
More evidence is required, though, for con-
�rming the direct association of ticagrelor 
and adenosine.
 Due to its short half-life, platelet 
reactivity returns to basal levels after 3 to 4 
missing doses. �is is important for 
patients requiring surgical intervention. 
However, bad drug adherence quickly 
exposes the patient to the risk of ischemic 
events. [31, Rank 3]

 Clopidogrel is a thienopyridine- a 
prodrug requiring two cytochrome P450 
dependent steps to generate an active me-
tabolite-which binds irreversibly to the 
P2Y12 adenosine diphosphate receptor on 
platelets. Prasugrel is a third generation 
thienopyridine sharing the same active me-
tabolite as clopidogrel and despite partial 
reliance on CYP2C19, achieves faster and 
faster and more potent platelet inhibition 
(as shown in �gure 14). 
 Ticagrelor is a member of a class of 
agents known as the cyclopentyl-triazo-
lo-pyrimidines. �ese agents are relatively 
resistant to enzymatic degradation by ecto-
nucleotidases, which rapidly degrade aden-
osine triphosphate (ATP) in vivo. Resist-
ance to this enzymatic degradation is criti-
cal because although adenosine triphos-
phate serves as a natural competitive antag-
onist to adenosine diphosphate (ADP) at 
the P2Y12 receptor, it is not a useful phar-
macologic approach to P2Y12 antagonism 
secondary in part to its poor stability. 
E�orts to develop stable adenosine triphos-
phate analogs led to the discovery of cangr-
elor. Further modi�cations of this molecule 
included the elimination of phosphates and 
a change in the core purine and sugar 

 �e pharmacokinetics of ticagrelor 
has also been assessed in several di�erent 
ethnic groups. Ticagrelor and 
AR-C124910XX exhibited linear and pre-
dictable pharmacokinetics in healthy Chi-
nese volunteers at doses of 90 and 180 mg. 
Exposures to ticagrelor and 
AR-C124910XX at steady state were slight-
ly higher in Chinese volunteers compared 
with Caucasian volunteers in other studies. 
�e pharmacokinetics of ticagrelor and 
AR-C124910XX in Japanese volunteers 
was assessed in two ethnicity-bridging stud-
ies. Pharmacokinetic pro�les were broadly 
comparable between Japanese and Cauca-
sian volunteers following single ascending 
doses (50–600 mg) and multiple ascending 
doses (100 or 300 mg) of ticagrelor. After 
adjustments to account for di�erences in 
body weight between the ethnic groups, 
exposure to ticagrelor and AR-C124910XX 
was approximately 20 % greater in Japanese 
versus Caucasian participants. �ese �nd-
ings were consistent with observations in a 
similar study of Japanese patients with cor-
onary artery disease. In DISPERSE (Dose 
Con�rmation Study Assessing Anti-Platelet 
E�ects of AZD6140 vs. Clopidogrel in 
Non-ST-segment Elevation Myocardial 
Infarction), after treatment with ticagrelor 
(45 or 90 mg twice daily) for 28 days, the 
area under the plasma concentration–time 
curve (AUCτ) and Cmax of ticagrelor and 

Pharmacology/Mechanism 
of Action
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moieties, leading to the development of 
ticagrelor. It is not considered an adenosine 
triphosphate analog because of the changes 
in the purine and sugar moieties.
 Ticagrelor is the most clinically 
advanced P2Y12 inhibitor in its class, and 
its chemical structure distinguishes it from 
the thienopyridines. Similar to the current-
ly available irreversible P2Y12 inhibitors, 
ticagrelor is orally active and is selective for 
the P2Y12 receptor. However, in contrast 

to thienopyridine agents, it is a reversible 
inhibitor of the P2Y12, which may a�ord 
speci�c advantages and perhaps disadvan-
tages. [35, Rank 5]
 Ticagrelor exerts its action via bind-
ing to the P2Y12 receptor in a manner 
distinct from adenosine diphosphate, 
resulting in a reversible conformational 
change of the receptor. �e ligand 
inhibition of the adenosine diphosphate 
receptor and subsequent signaling a�ect 
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downstream processes. �ese include the 
conversion of  cyclic monophosphate from 
adenosine triphosphate, dephosphorylation 
of phosphorylated vasodilator-stimulated 
phosphoprotein (VASP), and activation of 
phosphoinositide 3-kinase. Inhibition of 
these processes results in reduced exposure 
of �brinogen-binding sites to the GP IIb/I-
IIa receptor and thereby impairment of 
platelet aggregation. Interestingly, ticagre-
lor inhibits platelet aggregation despite 
increasing concentrations of adenosine 
diphosphate, demonstrating that this 
receptor inhibition is non competitive. 
�erefore, even in the setting of increased 
adenosine diphosphate concentrations, 
there would be no reduction in the level of 
platelet inhibition. Likewise, the e�ects of 
ticagrelor on platelet function correlate 
with plasma drug concentrations. In addi-
tion; ticagrelor’s e�ects on non-plate-
let-bound adenosine diphosphate receptors 

may also produce o�-target e�ects on vas-
cular smooth muscle via inhibition of vaso-
constriction. Coronary blood �ow through 
inhibition of adenosine uptake by erythro-
cytes may also be a�ected. �ese pleiotropic 
e�ects together with ticagrelor’s unique 
reversible inhibition of the P2Y12 receptor 
may result in both unique advantages and 
disadvantages. [29, Rank 3]

 �ere are no studies comparing these 
drugs clinically; thus, care must be taken 
when extrapolating data from di�erent 
papers. �e study TRITON randomized 
the great majority of its patients (99%) 
with knowledge of their coronary anatomy, 
while PLATO, on the other side, rand-
omized patients at the emergency room. 
�e clopidogrel dose allowed in the two 
studies was also di�erent. Approximately 
50% of the patients in the PLATO study 
and 33% of the TRITON study patients 
were taking proton pump inhibitors. A 
�nal diagnosis of acute coronary syndrome 
with ST elevation was made in 37% of the 
patients in the PLATO study and 26% of 
the patients in the TRITON study. In 
PLATO, with the exception of patients sub-
mitted to thrombolysis, all therapeutic regi-
mens were evaluated (interventionist, 

Prasugrel vs. Ticagrelor
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 Platelets protect vascular integrity 
and play an important role in haemostasis. 
However, rupture of an atherosclerotic 
plaque causes a platelet-dependent throm-
bus formation leading to occlusion of a cor-
onary artery resulting in acute myocardial 
infarction. �us platelets play a central role 
in pathogenesis of acute myocardial infarc-
tion. Strong evidence which suggest that 
acute myocardial infarction is a platelet 
related disease is the capability of antiplate-
let therapy to reduce morbidity and mortal-
ity in this clinical setting.
 Many landmark trials of aspirin and 
thienopyridines have established the role of 
oral antiplatelet agents in the management 
of acute coronary syndrome. Aspirin is the 
oldest of the antiplatelet drugs and has 
stood the test of time as an integral part of 
management of acute coronary syndrome. 

 Adenosine triphosphate (ATP) com-
petitively antagonizes adenosine diphos-
phate-induced platelet aggregation. How-
ever unfavourable properties of adenosine 
triphosphate, such as low potency and poor 
stability do not allow its use as P2Y12 
receptor antagonist. E�orts were 
directed towards formulating adenosine 

�e use of thienopyridines, which act by 
blocking the P2Y12receptor on the platelet 
surface, has shown bene�t when added to 
aspirin in this setting. �us, dual antiplate-
let therapy is the current standard of care 
for patients of acute coronary syndrome 
which is currently recommended for the 
period of at least 1 year. However, in spite 
of currently available antiplatelet therapy 
there remains a signi�cant risk of arterial 
thrombosis and post acute coronary syn-
drome mortality grows over a period of 
time. �us there is a need for novel anti-
platelet agents which can overcome limita-
tions of current antiplatelet therapies like 
slow onset of action, low level of platelet 
inhibition, high inter patient variability at 
the cost of clinically acceptable bleeding 
events. [24, Rank 3]

surgical and clinical), while in TRITON 
patients were randomized after interven-
tion was indicated. �us, the two studies 
have di�erent populations and designs, and 
it is not possible to compare the drugs. [25, 
Rank 1]

Ticagrelor
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Importance of Antiplatelet 
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triphosphate analogues with high potency 
and more stability. However because of 
retention of triphosphate group these 
agents had very short plasma half life and 
they need to be given intravenously. Subse-
quent modi�cation of these compounds 
lead to discovery of selective and stable 
non-phosphate P2Y12 receptor antagonist 
AZD6140 (ticagrelor) belonging to a new 
chemical class Cyclo Pentyl Triazolo Pyrim-
idine (CPTP). Although adenosine triphos-
phate structure was used as basis for design-
ing of ticagrelor, it does not contain an 
adenosine group and therefore is distinct 
from true adenosine triphosphate ana-
logues such as Cangrelor. [23, Rank 3]

causing locking of the receptor in an inac-
tive state thereby inhibiting adenosine 
diphosphate signalling and receptor confor-
mational changes. Unlike other thienopyri-
dine ticagrelor is a non-competitive antago-
nist of P2Y12 receptor resulting in no 
receptor activation in spite of increased 
adenosine diphosphate concentration. [22, 
Rank 4]

 Ticagrelor is rapidly absorbed on oral 
administration with food intake having no 
appreciable e�ect on the absorption of tica-
grelor. �e Tmax of ticagrelor is 1.3–2 h 
and plasma half life (t1/2) is 7–12 h. It is 
metabolized in the liver by CYP3A4 
enzyme to produce active metabolite 
AR-C124910XX. �is metabolite is as 
potent as ticagrelor on P2Y12 receptor and 
is present in the circulation at approximate-
ly 1/3 of the concentration of the parent 
drug.16 as ticagrelor is metabolized by 
CYP3A4, concomitant administration of 
CYP3A4 inducers and inhibitors should be 
avoided. Elimination of ticagrelor and 
AR-C124910XX occurs primarily via 
hepatic metabolism and biliary secretion, 
respectively. �erefore no dose adjustment 
is required for renal patients. [21, Rank 3]

 It is an oral, reversible and directly 
acting inhibitor of P2Y12 receptor. Like 
thienopyridines, ticagrelor inhibit pro-
thrombotic e�ects of adenosine diphos-
phate by blocking the platelet P2Y12 recep-
tor. However, unlike thienopyridines, the 
binding and e�ect is reversible and it does 
not require metabolic activation before its 
action. It has a rapid onset of action, pro-
duces high and consistent inhibition of 
platelet aggregation with minimal inter 
patient variability. It binds at a site distinct 
from adenosine diphosphate binding site, 

Mechanism of Action

Pharmacological Aspects
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 Safety and tolerability of ticagrelor 
was tested in various phase I and phase II 
trials. In phase I trial ticagrelor was tested in 
healthy volunteers in dosage of 50–600 mg 
once daily or 50–300 mg twice daily. Find-
ings of phase I illustrated that the pharma-
cokinetics of ticagrelor is predictable and is 
associated with consistent inhibition of 
platelet activity. Inhibition of platelet aggre-
gation (IPA) with ticagrelor was greater and 
better sustained at high levels with twice 
daily ticagrelor than once daily regimens. 
[17, Rank 4]
 Results of phase II DISPERSE study 
showed that ticagrelor 100 mg and 200 mg 
bd have more bene�cial safety and tolera-
bility pro�le and therefore these two doses 
were carried forward for further clinical 
evaluation. DISPERSE II was a dose con�r-
mation study in NSTEMI patients. Results 
of DISPERSE II demonstrated that proto-
col-de�ned major or minor bleeding at 4 
weeks, was not di�erent among the ticagre-
lor 90 mg bd, ticagrelor 180 mg bd and 
clopidogrel 75 mg od groups. However 
ticagrelor 180 mg bd was associated with 
increase in minor and minimal bleeds. 
Based on safety and e�cacy pro�le ticagre-
lor 90 mg bd was selected for phase III 
study. [19, Rank 3]

 Onset–O�set study illustrated that 
inhibition of platelet aggregation with tica-
grelor 180 mg loading dose was greater 
than clopidogrel 600 mg loading dose at all 
the time points. Just 30 min post loading, 
inhibition of platelet aggregation with tica-
grelor was 41% versus 8% in clopidogrel 
group. At the end of 2 h inhibition of plate-
let aggregation with ticagrelor was 88% 
versus 38% in clopidogrel group. At 2 h 
post-loading, 90% patients in ticagrelor 
group achieved greater than 70% inhibi-
tion of platelet aggregration versus 16% in 
clopidogrel group. Higher level of inhibi-
tion of platelet aggregation achieved with 
ticagrelor was maintained throughout 6 
weeks of study period which indicates sus-
tained and consistent antiplatelet action of 
ticagrelor. After last dose, antiplatelet e�ect 
of ticagrelor declined very rapidly as com-
pared to clopidogrel. 24 h after last dose, 
inhibition of platelet aggregation with tica-
grelor was similar to clopidogrel. �is 
means patients who miss 1 dose of ticagre-
lor will still have inhibition of platelet 
aggregation at 24 h equivalent to patients 
on clopidogrel therapy. Inhibition of plate-
let aggregation at day 3 and 5 with ticagre-
lor were comparable to IPA at day 5 and 7 
with clopidogrel respectively.
 E�ect of ticagrelor in clopidogrel 
non-responders was studied in RESPOND 

Clinical Development
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study which showed that ticagrelor treat-
ment result in consistently higher inhibi-
tion of platelet aggregation in patients irre-
spective of responder status. Ticagrelor was 
found to be e�ective in overcoming high 
platelet reactivity below the ischemic cut o� 
points in both responders and non-re-
sponders to clopidogrel therapy. �is study 
also showed that switching patients from 
clopidogrel to ticagrelor result in rapid, 
higher and consistent IPA. [20, Rank 5] 

maximally pre contracted vessels. �is con-
traction was blocked by a selective reversi-
ble P2Y12antagonist (AR-C67085) and 
not blocked by a selective P2Y1 antagonist. 
No inhibition of contraction was observed 
in vessels from patients pre-treated with 
clopidogrel.
 �e ability of ticagrelor to inhibit 
adenosine diphosphate-induced contrac-
tions in vascular smooth muscle was shown 
in an ex vivo study in denuded mouse 
aortic rings. In these studies, 2-Me-
SADP-induced contractions were 59% of 
maximal values (obtained with potassi-
um-rich bu�er) in mice that were not 
pre-treated and 64% in mice pre-treated 
with clopidogrel 50 mg/kg [40]; the addi-
tion of ticagrelor 10 μM to the vessel seg-
ment in tissue bath resulted in signi�cant 
inhibition of adenosine diphosphate-in-
duced contraction, to 33% of maximal in 
the untreated group and 32% of maximal 
in the clopidogrel pre-treated group. �ese 
�ndings suggest that ticagrelor could mod-
ulate vasoreactivity mediated by locally 
increased levels of adenosine diphosphate 
in vivo; pre-treatment with clopidogrel 
does not appear to inhibit adenosine 
diphosphate-induced contractions. �e 
potential e�ects of such inhibition were 
shown in a study in a dog thrombosis 
model, in which treatment with the 

 Preclinical studies also suggest that 
reversible P2Y12 inhibition may be associ-
ated with bene�cial e�ects on P2Y12-medi-
ated vasoconstriction, e�ects that may 
permit reduction in thrombogenic vasos-
pasm or reduce de�cits in myocardial per-
fusion after thrombosis. P2Y12 receptors 
are present in vascular smooth muscle cells 
in concentrations greater than other adeno-
sine diphosphate receptors – for example, 
P2Y1 and P2Y13– and are active in 
stimulating vessel contraction. In studies in 
arterial segments from patients undergoing 
coronary bypass, P2Y12-mediated vasocon-
striction was demonstrated using 
2-MeSADP-induced contraction of sub 

Potential E�ect on 
ADP-Induced 

Vasoconstriction
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selective P2Y12 antagonist 
AR-C69931MX (4 μg/kg•min) resulted in 
decreased re-occlusion and cyclic �ow vari-
ation and improved myocardial �ow com-
pared with placebo in animals receiving 
tissue-type plasminogen activator and hep-
arin after thrombus formation. Another 
study using the same thrombosis model in 
dogs compared adjunctive infusion of tica-
grelor (75 μg/kg IV bolus, followed by 10 μ
g/kg•min IV infusion over 2 h) with clopi-
dogrel (10 mg/kg IV bolus over 5 min) and 
placebo, on top of �brinolytic therapy 
(t-PA + heparin). In this study, both clopi-
dogrel and ticagrelor treatment resulted in 
complete blockade of adenosine diphos-
phate-induced platelet activation, aggrega-
tion, and recruitment, and prevented plate-
let-mediated thrombosis. However, despite 
similar antiplatelet e�ects, animals treated 
with ticagrelor had signi�cantly lower rates 
of reocclusion (0% for ticagrelor vs. 30% 
for clopidogrel), less cyclic �ow variation 
(0% vs. 30%), longer re�ow duration (120 
± 0.0 min vs. 96.9 ± 38.9 min) and greater 
reductions in infarct sizes (�nal size of 6.31 
± 2.86 cm2 vs. 14.63 ± 4.29 cm2). Taken 
together, these data suggest that the system-
ic presence of reversible inhibitors may 
exert additional bene�t, for example, via 
inhibition of non platelet P2Y12receptors. 
[24, Rank 2]

Ticagrelor may confer additional bene�ts in 
patients with acute coronary syndrome by 
inhibiting uptake of adenosine by human 
erythrocytes. In suspensions of washed 
human erythrocytes, ticagrelor dose-de-
pendently inhibited adenosine uptake by 
erythrocytes with a pIC50 of 7.0 ± 0.1 (n = 
5), which was 10-fold less potent than 
dipyridamole. In vivo data from a canine 
model of coronary blood �ow regulation 
con�rmed that both ticagrelor (n = 8) and 
dipyridamole (n = 8) dose-dependently aug-
ment the hyperaemic response to temporary 
occlusion of direct intracoronary adenosine 
infusion, without a�ecting measured blood 
�ow in the circum�ex artery. In vehi-
cle-treated animals, infusion of adenosine 
15 μg/min or 30 μg/min resulted in blood 
�ow in the left anterior descending artery 
126.8 or 227.3% of baseline, respectively. 
Systemic administration of ticagrelor 30 or 
100 μg/(kg•min) resulted in blood �ow 114 
± 10% or 150 ± 19% of baseline, respective-
ly, following infusion of adenosine 15 μ
g/min, and 109 ± 10% or 140 ± 13% of 
baseline, respectively, following infusion of 
adenosine 30 μg/min. Administration of 
dipyridamole 0.17 or 0.50 μg/(kg min) 
resulted in blood �ow 160 ± 2% or 193 ± 
17% of baseline following adenosine 15 μ
g/min, and 136 ± 17% or 153 ± 30% 
following adenosine 30 μg/min. �ese 
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results con�rm that both ticagrelor and 
dipyridamole augment the adenosine-in-
duced increase in coronary blood �ow in 
this model and suggest that ticagrelor may 
deliver additional bene�ts to patients with 
acute coronary syndrome by enhancing 
adenosine-induced coronary blood �ow 
increases. Translation of these results to 
clinical bene�t will need to be con�rmed 
with clinical data. [22, Rank 3]

 For reasons of economy and the 
medical care system, clopidogrel is still the 
most widely used antiplatelet medicine in 
acute coronary syndrome in addition to 
aspirin. A number of individuals experience 
clopidogrel resistance, which leads to 
adverse thrombotic events. Although a 
study shows that the most common cause 
of clopidogrel’s failure in treatment is medi-
cation nonadherence, inter-individual vari-
ability in response to clopidogrel is also an 
important reason, which is appreciated in 
up to 30–40 % of patients who received 
clopidogrel treatment. As another P2Y12R 
antagonist, ticagrelor is becoming a strong 
competitor to clopidogrel. [18, Rank 5]

Conclusion
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explain its superiority in reducing the inci-
dence of myocardial infarction and associ-
ated cardiovascular death. Platelets play a 
key role in the in�ammatory response to 
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minor bleeding through 4 weeks. Major 
and minor bleeding was 8.1% for clopi-
dogrel, 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 clopi-
dogrel, 7.1% for ticagrelor 90 mg, and 
5.1% for ticagrelor 180 mg (P = 0.91 and P 
= 0.35, respectively, versus clopidogrel). 
�ere were also non signi�cant favourable 
trends for decreased rates of myocardial 
infarction 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). 
Non hemorrhagic adverse e�ects were com-
parable between clopidogrel, ticagrelor 90 
mg, and ticagrelor 180 mg except for di�er-
ences in rates of dyspnoea, diarrhoea, hypo-
tension, and asymptomatic ventricular 
pauses ≥ 2.5 seconds. Speci�cally, the rate 
of dyspnoea was signi�cantly higher for 
ticagrelor 180 mg compared to clopidogrel 
(15.8% versus 6.4%; P < 0.002) as was the 
incidence of ventricular pauses with ticagre-
lor 180 mg compared to clopidogrel (7.9% 
versus 4.3%; P = 0.14). Ticagrelor 90 mg 
twice daily had similar e�cacy and safety 
compared to clopidogrel while ticagrelor 
180 mg twice daily had worse safety com-
pared to clopidogrel. �us, the dose of tica-
grelor 90 mg twice daily was pursued fur-
ther in clinical development. [33, Rank 1]
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infarction, and stroke up to 12 months. 
�is study was expected to be completed in 
July 2012; however, no results have been 
published for this study yet. [34, Rank 2]
 Platelet aggregation exerts an impor-
tant role in ischemic complications in 
patients submitted to percutaneous coro-
nary intervention (PCI). Both the athero-
sclerotic plaque instability and factors relat-
ed to the procedure itself (endothelial 
trauma) and contact of thrombogenic 
structures and the blood are responsible for 
this platelet aggregation in patients submit-
ted to percutaneous coronary intervention. 
Despite thromboxane A2 and adenosine 
diphosphate (ADP) act synergistically in 
platelet activation, adenosine diphosphate 
interaction with its receptors, especially P2 
receptors, enhances and sustains this activa-
tion. For this reason, these receptors have 
been the main target of current antiplatelet 
drugs.
 Platelets are non-nucleated frag-
ments of megakaryocytes that circulate in 
the blood stream and have a �attened disk 
conformation when not activated. �ey 
participate in a number of biological pro-
cesses, from �ghting infectious agents to 
initiating tissue repair by activating angio-
genesis. �us, their functions go well 
beyond the participation in the coagulation 
cascade, and they play a key role in 

modulating the whole tissue repair process. 
[35, Rank 4]
 In the presence of vascular injury or 
trauma, sub endothelial proteins, such as 
Von Willebrand factor and collagen, are 
exposed and platelet adhesion occurs with 
the objective of promoting tissue healing. 
�e interaction between these proteins and 
platelets is mediated by a number of recep-
tors at the platelet surface (GPIbα, GPVI α
2β1), and platelet activation occurs con-
comitantly to adhesion. Multiple metabolic 
pathways are stimulated, leading to an 
increase in calcium intracellular concentra-
tion. �is increase activates phospholipase 
A2 and actin-myosin adenosine triphos-
phatase, leading to thromboxane A2 forma-
tion and platelet conformational change, 
respectively. When activated, platelets 
release their granules (containing adenosine 
diphosphate, adenosine triphosphate, sero-
tonin, calcium, �brinogen, Von Willebrand 
factors, cytokines and pro-thrombotic 
factors), increasing their volume and reac-
tivity. In order to form this aggregate, plate-
lets interact through the binding of �brino-
gen and glycoprotein IIb/IIIa receptor. [36, 
Rank 4]
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