
Current Evidence for Novel Antiplatelet

Prof. Yin Nwe Tun

Senior Consultant Cardiologist

Department of  Cardiology

Yangon General Hospital

16.6.24 1



Outline:

1. Role of  Platelets in Thrombosis

2. Mechanisms of  Platelet Inhibition

3. Clinical Evidence for Ticagrelor
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Theory of  Immature Platelets (Reticulated Platelets)
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Platelet Physiology 

Newly formed unbound immature 

platelets more likely to participate in 

thrombosis

High platelet turnover and reactivity in 

patients with CAD in the setting of ACS 

and with other high-risk factors such as 

DM

ACS = acute coronary syndrome; BID = twice daily; CAD = coronary artery; DM = diabetes mellitus. 

1. Kleiman NS. J Am Coll Cardiol. 2016;68(3):294-296; 2. Bernlochner I et al. Eur Heart J. 2015;36(45):3202-3210; 3. Grove EL et al. Thromb Haemost. 2009;101(1):151-156; 4. Ferreiro et al. Circulation. 
2011;123:798-813.

-Have a greater number of dense granules vs older, 
circulating platelets

-Have the capacity for ongoing protein synthesis by 
residual mRNA

-Have greater reactivity than older platelets

-Are associated with cardiovascular disease



Newly Released or Immature Platelets Are More Likely 
to Participate in Thrombosis Than Older Platelets  
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Healthy Subjects
n=22

Stable CAD
n=39

NSTEMI/UA
n=182

STEMI
n=177
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CAD = coronary artery disease; NSTEMI = non ST-segment elevation myocardial infarction; STEMI = ST-segment elevation myocardial infarction; UA = unstable angina.

Grove EL et al. Thromb Haemost. 2009;101(1):151-156.



Classification of  Antiplatelet drugs
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P2Y12 inhibitors

6 hours – parent drug
30 min – active metabolite

7 hours for active 
metabolite

7 hours – parent drug
9 hours – active metabolite6



Mechanism of  Action of  Ticagrelor

Images are for illustrative purposes only. 

It is not known how pharmacology or chemical class correlate to clinical efficacy or safety results.

ADP = adenosine diphosphate.

1. Meadows TA et al. Circ Res. 2007;100(9):1261-1275; 2. BRILINTA Prescribing Information; 3. Husted S et al. Cardiovasc Ther. 2009;27:259-274.

ADP binds to platelet P2Y12 ADP receptors, 

causing intracellular signal transduction, 

which initiates platelet aggregation1

P2Y12 receptor

Ticagrelor reversibly interacts 

with platelet P2Y12 ADP receptors, 

preventing ADP-initiated signal transduction 

and platelet activation2,3

TicagrelorPLATELET

P2Y12 Platelet

Receptors

ADP 

Binding Site

ADP

Ticagrelor

PLATELET

ADP

ADP 

Binding Site

Platelets

- CPTP-selective ADP-receptor antagonist

- Not interact with ADP binding site

- Non-competitive inhibition
- Direct acting inhibitor
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Mechanism of  Action of  Ticagrelor

1) blocks the P2Y12 receptor reversibly

2) increases the concentration of  adenosine

3) is metabolized independently of  the interindividual genetic variability

• Unique non-thienopyridine P2Y12 antagonist

• Not require metabolic activation

• Reaches IPA within 30 minutes after administration, greater IPA, more rapid onset and offset of  inhibition 

with ticagrelor than clopidogrel (ONSET-OFFSET Result)

• Pleiotropic effects probably by increasing adenosine concentration and unknown mechanisms
8



Ticagrelor is Available to Inhibit Immature Platelets Over 24 Hours
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It is not known how pharmacology or chemical class correlate to clinical efficacy or safety results.
aBased on ticagrelor 90 mg BID dosing.2

ACS = acute coronary syndrome; BID = twice daily; CAD = coronary artery disease; DM = diabetes mellitus; QD = daily. 
1. Armstrong et al. Arterioscler Thromb Vasc Biol. 2017;37:949-956; 2. Nylander S et al. Br J Pharmacol. 2016;173:1163-1178; 3. Grozovsky R et al. Blood. 2015;126(16):1877-1884; 4. 
Gutierrez G et al. Crit Care. 2004;8:373-381; 5. Grove et al. Thromb Haemost. 2009;101:151–156; 6. Ferreiro et al. Circulation. 2011;123:798-813.

• Ticagrelor’s reversible binding, long half-life, and 

twice daily dosing result in prolonged availability 

to inhibit immature platelet function2
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Accelerated Platelet Turnover is Associated 

with Increased Generation of 

Highly Reactive Immature Platelets1

246 18

• Approximately 13% of platelets are replenished daily3,4 

• Accelerated platelet turnover and increased generation of 

immature platelets occurs in patients with CAD in the setting 

of ACS and with other high-risk factors such as DM5,6 

Clopidogrel 75 mg QD

Prasugrel 10 mg QD



Comparison of  P2Y12 Pharmacology and Frequency of  CYP2C19 
Phenotypes by Race

10
LOF = loss of function; GOF = gain of function.
Note: Patients without the poor, intermediate, or ultrarapid metabolizer phenotype are presumably extensive (normal) metabolizers.
1. Schomig A. N Engl J Med. 2009;361:1108-1111; 2. Wallentin L et al. Lancet. 2010;376:1320-1328; 3. Cavallari LH et al. Pharmgenomics Pers Med. 2011;4:123-136; 4. Mega JL et al. N Engl J Med. 2009;360:354-362; 5. 
Plavix Prescribing Information, Bristol-Myers Squibb/Sanofi Pharmaceuticals Partnership, May 2019; 6. Pereira NL et al. Online ahead of print. Circ Cardiovasc Interv. 2019. 

• Clopidogrel is a prodrug and must be metabolized by CYP450 enzymes, primarily CYP2C19, to produce the active metabolite 

that inhibits platelet aggregation4,5

• CYP2C19 gene is highly polymorphic leading to gene variants that cause LOF and GOF3,6

• Highest frequency of poor and intermediate metabolizer phenotype is seen in Asians and highest frequency of the ultrarapid 

metabolizer phenotype is seen in Caucasians and African Americans3

• By comparison, ticagrelor is not a pro-drug and therefore does not require metabolic activation for pharmacodynamic activity2



Differences in Platelet Binding Between Thienopyridines and CPTPs

Initial 
Dose

Initial binding RebindingInitial binding

QD Dosing Thienopyridines BID Dosing CPTPs

30
min

12
hrs

24
hrs

Administration of second 
dose of CPTPs

• Thienopyridines bind 

irreversibly to platelets – 

once bound, a platelet is 

inhibited for its lifetime

• Newly manufactured 

platelets are not inhibited 

until the next dose

• CPTPs bind reversibly to 

platelets and can 

redistribute and bind to 

new platelets before the 

next dose

BID = twice daily; CPTP = cyclopentyltriazolopyrimidine; QD = once daily.

Porto I et al. Expert Opin Investig Drugs. 2009;18(9):1317-1332.

Platelets

• Young immature platelets 
are less inhibited by 
prasugrel when compared 
with ticagrelor especially 
during the last hours of 
the dosing interval

11



Pleiotropic effects of  Ticagrelor

• Comprises :

• Cardio protection

• Restoration of  the myocardium after an ischemic event

• Promotion of  the release of  anticoagulative factors

• Anti-inflammatory effects

• Increased concentration of  adenosine caused by 

1) inhibition of  adenosine reuptake by blocking human equilibrative nucleoside 
transporter 

2) increased release of  ATP, subsequently transformed into adenosine

• Beyond the advantageous effects, the increased concentration of  adenosine is responsible 
for some of  ticagrelor’s adverse effects, including dyspnea and bradycardia

12
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Net clinical benefit with Ticagrelor in Randomized clinical trials
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*Of the 990 randomized patients, 984  who received ≥1 dose of study drug and were included in the safety analysis dataset.

GP = glycoprotein; LMWH = low-molecular-weight heparin.

PLATO : Study Design

• Patients undergoing percutaneous coronary intervention (PCI) >24h after randomisation to ticagrelor will 
receive an additional 90mg of  ticagrelor. Patients randomised to clopidogrel will be eligible to receive an 
additional 300mg loading dose of  clopidogrel at the discretion of  the treating physician

Randomisation

Ticagrelor 180mg LD then 90 mg bd (n = 9,333)

Clopidogrel 300mg* LD then 75 mg od (n = 9,291)

Follow-up

6-12months study length

All patients received aspirin (75-100mg od) + GPIIb/IIIa antagonist

Aspirin naive patients received a loading dose (160-500mg : 325mg preferred)

*patients previously treated with clopidogrel will have placebo

Hospitalisation

<24h of onset of cardiac 

ischaemic symptoms

 

Before any planned or 

urgent PCI

0       1 month  2 month   3 month

Open label clopidogrel 

may be given

Screening

Patient >18 years with 

documented evidence 

of non–ST elevation or 

ST-elevation ACS 

N = 

18,624

Wallentin et al. New Eng J Med 2009; 361(11): 1045-1057

PLATO study tested the hypothesis that…

ticagrelor will result in a lower risk of recurrent thrombotic events in a broad patient 

population with ACS as compared to clopidogrel and this would be achieved with a 

clinically acceptable bleeding rate and overall safety profile

43 countries
862 sites

15
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No difference in total major bleeding

No difference in fatal or life-threatening bleeding 

More fatal ICH but fewer extracranial fatal bleeds

18



PLATO: CONCLUSIONS

• In patients with an acute coronary syndrome with or without ST-segment 

elevation, treatment with ticagrelor compared with clopidogrel 

• reduced the primary endpoint of  death form vascular causes, myocardial 

infarction or stroke 

• reduced the rate of  all cause mortality

• without an increase in the rate of  overall major bleeding

19



Dyspnea associated with Ticagrelor

• Usually mild to moderate 

• Observed within 1st 7 days, median time 23 days

• Mostly resolves spontaneously

• Patients with baseline cardiopulmonary disease were not at an increased relative risk of  dyspnea

• No measured changes in pulmonary function/ BNP levels

• Benefit of  ticagrelor is maintained in patients at risk for dyspnea and those who experience dyspnea

• Patient with mild to moderate dyspnea should be encouraged to continue with Ticagrelor considering 

consistency of  benefit

20



PLATO: Invasive and Non-invasive

21



•Patients with previous stent or underwent stenting during the course  is       

11289 (60.6%)

• Patients in Ticagrelor arm is 5640 and Clopidogrel  arm is 5649 

•  A higher proportion of patients with definite stent thrombosis 

compared with patients with no definite stent thrombosis were:  

men, habitual smokers, diabetes mellitus, a history of prior 

cardiovascular disease, non-haemorrhagic stroke, PAD, STEMI 
at randomization, along with a final diagnosis of STEMI

22



PLATO: Diabetes

▪ No significant increase in major bleeding was 
observed in diabetic patients treated with ticagrelor 
compared with clopidogrel

–However, it should be noted that in the PLATO main 
analysis, there were higher rates of non-CABG major 
bleeding.

▪Efficacy of ticagrelor in the diabetic patient subgroup is 
consistent with that observed in the overall PLATO study 
population

Incidence of CV death, MI or stroke and all-cause mortality in diabetic 
patients with ACS was numerically lower in patients treated with 
ticagrelor compared with clopidogrel
No definitive efficacy conclusion between the treatment groups can 
be drawn due to the small sample size

23



PLATO: Elderly

• In elderly ACS patients, the benefits of ticagrelor over 
clopidogrel were consistent with the overall PLATO study

• The efficacy of ticagrelor compared with clopidogrel was 
independent of age

• Primary composite endpoint of CV death, MI or stroke 
was lower with ticagrelor compared with clopidogrel, 
irrespective of age 

• All-cause mortality, CV death, MI and definite stent 
thrombosis were reduced by ticagrelor compared with 
clopidogrel, irrespective of age 24



PLATO: Renal

▪Independent of renal function, ticagrelor was associated with a lowered risk of CV 
death, MI and stroke compared with clopidogrel

•Result is consistent with the overall results in the PLATO trial
•Effect appears to be more pronounced in patients with CKD

▪Composite endpoint of CV death, MI and stroke was lower in patients with 
ACS and CKD treated with ticagrelor compared with clopidogrel

▪No difference in the risk of bleeding was observed in patients with renal 
dysfunction treated with ticagrelor or clopidogrel

▪No dose adjustment is necessary for patients with renal impairment
▪No information is available for patients with end-stage renal failure, 
therefore ticagrelor is not recommended for these patients

• Ticagrelor is associated with a mild increase in serum creatinine, but 
remains efficacious in those with non dialysis-dependent CKD and is 
therefore recommended in this population 25
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SWEDEHEART Renal Function Substudy: Ticagrelor vs Clopidogrel 
by Renal Function in the Real World 

27

• Large RWE, observational study from the SWEDEHEART registry (January 2010 - December 2013), 45,206 patients with NSTEMI or STEMI 

discharged with DAPT were stratified by eGFR levels

• Ticagrelor as compared to clopidogrel was associated with a higher risk of readmission with bleeding across the eGFR strata

– Bleeding: eGFR >60, HR 1.10 (95% CI: 0.90-1.35); eGFR 30-60, HR 1.13 (95% CI: 0.84-1.51); eGFR <30, HR 1.79 (95% CI: 1.00-3.21) 

– Note that bleeding was higher in patients with eGFR <30; however, the P for interaction=0.30 for subgroups based on eGFR

Treatment with ticagrelor as compared with clopidogrel was consistently associated with a lower risk of the composite of death, 

MI, or stroke without a significant interaction for subgroups based on eGFR (P-interaction: 0.55)

Primary Endpoint: Composite of Death, Stroke, or MI at 1 Year Secondary Endpoint: Bleeding
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CI = confidence interval; DAPT = dual antiplatelet therapy; eGFR = estimated glomerular filtration rate; HR = hazard ratio; MI = myocardial infarction; NSTEMI = non-ST elevation myocardial infarction; RWE  = real-world 
evidence; STEMI = ST elevation myocardial infarction; SWEDEHEART=Swedish Web-system for Enhancement and Development of Evidence-based care in Heart disease Evaluated According to Recommended Therapies.
Edfors R et al. Heart. 2018;104(19):1575-1582.



ACUTE CORONARY SYNDROME RCTS

Non inferior to 
Clopidogrel

Clopidogrel- 
significantly lower 
mj/minor bleeding 
with similar efficacy28



ACUTE CORONARY SYNDROME RCTS

Both PLATO Mj Bleed 
and composite of CV 
death, MI, stroke 
higher with Tica but 
trial was 
underpowered to 
show statistically 
differences

PLATO Mj Bleed 
significantly higher 
and MACE 
insignificantly higher 
with Tica

29



Clopidogrel- 
significantly lower 
mj/minor bleeding 
with similar efficacy

30



Acute Coronary Syndromes RCTs
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PRAGUE-18

• Death, reinfarction, urgent TVR, stroke, 
bleeding, or prolonged hospitalization at 7 
days: 4.0% of  the prasugrel group versus 
4.1% of  the ticagrelor group (p = 0.94)

• CV death, nonfatal MI, or stroke at 30 days: 
2.7% versus 2.5% (p = 0.86), respectively, for 
prasugrel versus ticagrelor

• TIMI major bleeding at 30 days: 0.6% 
versus 0.7% (p = 0.85), respectively, for 
prasugrel versus ticagrelor

Trial design: Patients with STEMI undergoing primary PCI were randomized to prasugrel 

(n = 634) versus ticagrelor (n = 596).

Results

Conclusions

• Among patients with STEMI undergoing 

primary PCI, similar efficacy and bleeding was 

observed for either prasugrel or ticagrelor. 

Among such patients, the use of either agent 

is acceptable.

Motovska Z, et al. Circulation 2016;Aug 30:[Epub]

Prasugrel Ticagrelor

%

(p = 0.94)

4.0 4.1
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Low-Moderate Risk Stroke or High-Risk TIA RCTs
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Atherosclerotic Vascular Disease RCTs
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Atherosclerotic Vascular Disease RCTs

EUCLID ALPHEUS DACAB TiCAB POPular CABG
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Secondary Prevention RCTs
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DAPT De-Escalation and Aspirin Withdrawal RCTs
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DAPT De-Escalation and Aspirin Withdrawal RCTs

TALOS AMI GLOBAL LEADERS TWILIGHT TICO
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TICO Conclusions
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ULTIMATE DAPT Conclusions and Limitations
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Review of  Ticagrelor Trials Evidence Base
Randomized Clinical Trials
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Review of  Ticagrelor Trials Evidence Base
Randomized Clinical Trials
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Review of  Ticagrelor Trials Evidence Base
Randomized Clinical Trials
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THANK YOU
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