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Role of Platelet Activation and Aggregation
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CHARISMA      125       1903        162       1943

PRODIGY 63         732          69         733

ARCTIC-Int’n 3          156           4           167

DAPT 59         1805        108       1771

DES-LATE 56         1512         66        1551

PEGASUS 980       14095      578       7067

TOTAL 1286   20203    987     13232

6.4%               7.5%

Primary Endpoint – CV Death, MI, or Stroke

P = 0.001

0.77 (0.61 - 0.98)

0.91 (0.65 - 1.28)

0.79 (0.18 - 3.51)

0.52 (0.38 - 0.72)

0.85 (0.60 - 1.21)

0.84 (0.76 - 0.94)

Study Events Total Events Total

Extended Aspirin Risk Ratio

DAPT Alone (95% CI)

0.2     0.5 1 2
Extended DAPT Better Aspirin Alone Better

0.78 (0.67 - 0.90)

Udell JA, et al.  Eur Heart J 2015 at eurheartj.oxfordjournals.org.



CHARISMA      53        1903         65        1943

PRODIGY 31         732          31         733

ARCTIC-Int’n 0          156           1          167

DAPT 11         1805        16        1771

DES-LATE 21         1512         21       1551

PEGASUS 356       14095      210      7067

TOTAL 472     20203   344   13232

2.3%               2.6%

P = 0.03

0.82 (0.57 - 1.18)

1.00 (0.61 - 1.64)

0.36 (0.01 - 8.69)

0.67 (0.31 - 1.44)

1.00 (0.55 - 1.83)

0.85 (0.71 - 1.00)

Study Events Total Events Total

Extended Aspirin Risk Ratio

DAPT Alone (95% CI)

0.2     0.5 1 2
Extended DAPT Better Aspirin Alone Better

0.85 (0.74 - 0.98)

Cardiovascular Death

Udell JA, et al.  Eur Heart J 2015 at eurheartj.oxfordjournals.org.



CHARISMA      45        1903         39        1943

PRODIGY 9         732           6          733

ARCTIC-Int’n 2         156           0          167

DAPT 34         1805        14        1771

DES-LATE 39         1512         31       1551

PEGASUS 242       13946       54       6996

TOTAL 371     20054   144   13161

1.9%               1.1%

P = 0.004

1.17 (0.76 - 1.79)

1.50 (0.53 - 4.20)

5.35 (0.26 - 110.6)

2.38 (1.27 - 4.43)

1.27 (0.79 - 2.03)

2.50 (1.86 - 3.36)

Study Events Total Events Total

Extended Aspirin Risk Ratio

DAPT Alone (95% CI)

0.5        1 2 5
Extended DAPT Better Aspirin Alone Better

1.73 (1.19 - 2.50)

Major Bleeding

Udell JA, et al.  Eur Heart J 2015 at eurheartj.oxfordjournals.org.
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TICAGRELOR IN STABLE 
CAD AND T2D TREATED 

WITH ASA 
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Ticagrelor Added to Aspirin in Patients 

with Stable Coronary Disease and 
Diabetes
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Primary Composite Endpoint
Cardiovascular death/MI/stroke
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Bleeding Outcomes
Ticagrelor

(N=9562)

Placebo

(N=9531)

Patients with

events (%)

Event rate/ 

100 patient 

years)

Patients with

events (%)

Event rate/

100 patient 

years)

Hazard Ratio

(95% CI)

p-

value

TIMI major bleeding 206 (2.2%) 0.89 100 (1.0%) 0.38 2.32 (1.82–2.94)<0.001

TIMI major or minor bleeding 285 (3.0%) 1.23 129 (1.4%) 0.49 2.49 (2.02–3.07)<0.001

TIMI major, minor, or requiring 

medical attention
1072 (11.2%) 4.61 485 (5.1%) 1.85 2.51 (2.26–2.80)<0.001

PLATO major bleeding 310 (3.2%) 1.33 145 (1.5%) 0.55 2.41 (1.98–2.93)<0.001

BARC bleeding

5  (fatal bleeding) 17 (0.2%) 0.07 10 (0.1%) 0.04 1.90 (0.87–4.15) 0.11

5 or 4 17 (0.2%) 0.07 11 (0.1%) 0.04 1.73 (0.81–3.69) 0.16

5, 4 or 3 341 (3.6%) 1.47 163 (1.7%) 0.62 2.36 (1.96–2.84)<0.001

Intracranial hemorrhage 70 (0.7%) 0.30 46 (0.5%) 0.18 1.71 (1.18–2.48) 0.005

Spontaneous 28 (0.3%) 0.12 27 (0.3%) 0.10 1.17 (0.69–1.98) 0.57

Procedural 1 (0.0%) 0.00 3 (0.0%) 0.01

Traumatic 41 (0.4%) 0.18 16 (0.2%) 0.06 2.87 (1.61–5.12)<0.001

Includes events with onset from randomization up to 7 days after last dose. BARC bleeding was defined according to a score of 3 to 5 as follows: type 3, 
bleeding with a decrease in the hemoglobin of more than 3 g per deciliter, any transfusion, cardiac tamponade, or intracranial or ocular involvement; type 4, 
CABG-related bleeding; and type 5, fatal bleeding. Traumatic ICH: 27 (66%) on ticagrelor and 6 (38%) on placebo reported as subdural bleeding by 
investigators. 
BARC=Bleeding Academic Research Consortium, CABG=coronary artery bypass grafting; CI=confidence interval; N=number of patients; PLATO=PLATelet
inhibition and patient outcomes; TIMI=Thrombolysis in Myocardial Infarction 



Permanent Treatment Discontinuation

Number at risk

Ticagrelor 9562 7904 7316 6831 6414 6029 4105 2483 1172 173

Placebo9531 8660 8179 7772 7367 6974 4786 2959 1362 218
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Discontinuation due to dyspnea 6.9% on ticagrelor vs. 0.8% on placebo (HR 9.27 [7.30-11.77] p <0.001); due to bleeding 4.9% vs 1.3% (HR 4.04 
[3.32-4.92] p<0.001). CI=confidence interval; HR=hazard ratio; KM=Kaplan-Meier
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9.7% Excess in Discontinuation 

~2/3 due to dyspnea

~1/3 due to bleeding

Steg PG, Bhatt DL, et al. NEJM 2019 DOI: 10.1056/NEJMoa1908077.



Primary Composite Endpoint
Cardiovascular death/MI/stroke – on treatment*
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TICAGRELOR IN STABLE 
CAD AND T2D TREATED 

WITH ASA 

THEMIS-PCI: Ticagrelor Added to Aspirin 
in Patients with Diabetes and Stable 

Coronary Artery Disease with a History of 
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Efficacy Endpoints 
ITT Population

Hazard ratios, p-values calculated for ticagrelor vs placebo from a Cox proportional hazards model with treatment as the only explanatory variable. * Includes deaths based on publicly available vital 
status data in patients who withdrew consent. ALI=acute limb ischemia; CI=confidence interval; CV=cardiovascular; ITT=intention to treat; MI=myocardial infarction; N=number of patients;              
PCI=percutaneous coronary intervention; STEMI=ST segment elevation MI

Ticagrelor

(N=9619)

Placebo

(N=9601)

Subgroup N

Patients with 

events (%) N

Patients with 

events (%)

Hazard Ratio 

(95% CI)

P-

value

P-inter-

action

CV death/MI/stroke

(Primary)

History of PCI 5558 404 (7.3%) 5596 480 (8.6%) 0.85 (0.74–0.97) 0.013
0.16

No history of PCI 4061 332 (8.2%) 4005 338 (8.4%) 0.98 (0.84–1.14) 0.76

All-cause death/MI/stroke
History of PCI 5558 494 (8.9%) 5596 603 (10.8%) 0.82 (0.73–0.93) 0.0014

0.021
No history of PCI 4061 425 (10.5%) 4005 415 (10.4%) 1.02 (0.89–1.17) 0.80

All-cause death/MI/stroke/ ALI/ 
major amputation, vascular etiology

History of PCI 5558 500 (9.0%) 5596 616 (11.0%) 0.82 (0.72–0.92) 0.0007
0.023

No history of PCI 4061 427 (10.5%) 4005 423 (10.6%) 1.00 (0.88–1.15) 0.97

Bhatt DL, Steg PG, et al. Lancet 2019 http://dx.doi.org/10.1016/ S0140-6736(19)31887-2. 



Efficacy Endpoints 
ITT Population

Hazard ratios, p-values calculated for ticagrelor vs placebo from a Cox proportional hazards model with treatment as the only explanatory variable. * Includes deaths based on publicly available vital 
status data in patients who withdrew consent. ALI=acute limb ischemia; CI=confidence interval; CV=cardiovascular; ITT=intention to treat; MI=myocardial infarction; N=number of patients;              
PCI=percutaneous coronary intervention; STEMI=ST segment elevation MI

Ticagrelor

(N=9619)

Placebo

(N=9601)

Subgroup N

Patients with 

events (%) N

Patients with 

events (%)

Hazard Ratio 

(95% CI)

P-

value

P-inter-

action

CV death/MI/stroke

(Primary)

History of PCI 5558 404 (7.3%) 5596 480 (8.6%) 0.85 (0.74–0.97) 0.013
0.16

No history of PCI 4061 332 (8.2%) 4005 338 (8.4%) 0.98 (0.84–1.14) 0.76

All-cause death/MI/stroke
History of PCI 5558 494 (8.9%) 5596 603 (10.8%) 0.82 (0.73–0.93) 0.0014

0.021
No history of PCI 4061 425 (10.5%) 4005 415 (10.4%) 1.02 (0.89–1.17) 0.80

All-cause death/MI/stroke/ ALI/ 
major amputation, vascular etiology

History of PCI 5558 500 (9.0%) 5596 616 (11.0%) 0.82 (0.72–0.92) 0.0007
0.023

No history of PCI 4061 427 (10.5%) 4005 423 (10.6%) 1.00 (0.88–1.15) 0.97

CV death
History of PCI 5558 174 (3.1%) 5596 183 (3.3%) 0.96 (0.78–1.18) 0.68

0.41
No history of PCI 4061 190 (4.7%) 4005 174 (4.3%) 1.08 (0.88–1.33) 0.44

All-cause death*
History of PCI 5558 282 (5.1%) 5596 323 (5.8%) 0.88 (0.75–1.03) 0.11

0.059
No history of PCI 4061 297 (7.3%) 4005 269 (6.7%) 1.09 (0.93–1.29) 0.29

MI
History of PCI 5558 171 (3.1%) 5596 216 (3.9%) 0.80 (0.65–0.97) 0.027

0.42
No history of PCI 4061 103 (2.5%) 4005 112 (2.8%) 0.91 (0.70–1.19) 0.51

STEMI
History of PCI 5558 16 (0.3%) 5596 51 (0.9%) 0.32 (0.18–0.55) <0.0001

0.85
No history of PCI 4061 6 (0.1%) 4005 21 (0.5%) 0.28 (0.11–0.70) 0.007

Stroke
History of PCI 5558 96 (1.7%) 5596 131 (2.3%) 0.74 (0.57–0.96) 0.024

0.26
No history of PCI 4061 84 (2.1%) 4005 90 (2.2%) 0.93 (0.69–1.25) 0.62

ALI /major amputation of vascular 

etiology

History of PCI 5558 7 (0.1%) 5596 15 (0.3%) 0.47 (0.19–1.15) 0.099
0.88

No history of PCI 4061 6 (0.1%) 4005 14 (0.3%) 0.43 (0.16–1.11) 0.080

Bhatt DL, Steg PG, et al. Lancet 2019 http://dx.doi.org/10.1016/ S0140-6736(19)31887-2. 



Ticagrelor (N=9562) Placebo (N=9531)

Subgroup N
Patients with 

events (%) N
Patients with 

events (%)
Hazard Ratio 

(95% CI) p-value
p-

interaction

CV death/ MI/stroke History of PCI 5536 225 (4.1%) 5564 347 (6.2%) 0.73 (0.62–0.87) 0.0003 0.036

No history of PCI 4026 200 (5.0%) 3967 233 (5.9%) 0.96 (0.80–1.16) 0.70

All-cause death/ MI/ stroke History of PCI 5536 242 (4.4%) 5564 378 (6.8%) 0.73 (0.62–0.85) <.0001 0.01

No history of PCI 4026 222 (5.5%) 3967 250 (6.3%) 1.00 (0.83–1.20) 0.99

All-cause death/ MI/ stroke/ ALI/ major 
amputation of vascular etiology

History of PCI 5536 244 (4.4%) 5564 387 (7.0%) 0.71 (0.61–0.84) <.0001 0.011

No history of PCI 4026 224 (5.6%) 3967 258 (6.5%) 0.98 (0.82–1.17) 0.78

CV death History of PCI 5536 60 (1.1%) 5564 85 (1.5%) 0.81 (0.58–1.12) 0.20 0.15

No history of PCI 4026 86 (2.1%) 3967 87 (2.2%) 1.11 (0.83–1.50) 0.48

All-cause death* History of PCI 5536 77 (1.4%) 5564 118 (2.1%) 0.74 (0.56–0.99) 0.044 0.021

No history of PCI 4026 110 (2.7%) 3967 105 (2.6%) 1.18 (0.90–1.54) 0.22

MI History of PCI 5536 109 (2.0%) 5564 177 (3.2%) 0.70 (0.55–0.88) 0.003 0.21

No history of PCI 4026 69 (1.7%) 3967 86 (2.2%) 0.90 (0.66–1.24) 0.51

STEMI History of PCI 5536 9 (0.2%) 5564 39 (0.7%) 0.26 (0.13–0.54) 0.0003 0.76

No history of PCI 4026 3 (0.1%) 3967 16 (0.4%) 0.21 (0.06–0.73) 0.014

Stroke History of PCI 5536 65 (1.2%) 5564 99 (1.8%) 0.74 (0.54–1.02) 0.062 0.38

No history of PCI 4026 62 (1.5%) 3967 76 (1.9%) 0.91 (0.65–1.28) 0.59

ALI/major amputation of vascular etiology History of PCI 5536 3 (0.1%) 5564 9 (0.2%) 0.38 (0.10–1.39) 0.14 0.65

No history of PCI 4026 5 (0.1%) 3967 10 (0.3%) 0.55 (0.19–1.61) 0.27

Primary and Secondary Efficacy Endpoints
On treatment 

Hazard ratios and P-values calculated for ticagrelor vs placebo from a Cox proportional hazards model with treatment as the only explanatory variable. Includes events with onset date at or after 
randomization day up to 7 days after the last dose; only patients who took at least 1 dose of study drug are included. The number of first events for the components are the actual number of first events 
for each component and do not add up to the number of events in the composite endpoint. Includes deaths based on publicly available vital status data in patients who have withdrawn consent.
ALI= acute limb ischemia; CI=confidence interval; CV=cardiovascular; MI=myocardial infarction; PCI=percutaneous coronary intervention; STEMI=ST-segment elevation MI

Bhatt DL, Steg PG, et al. Lancet 2019 http://dx.doi.org/10.1016/ S0140-6736(19)31887-2. 



Benefit of Ticagrelor vs Placebo 
as a Function of Time between PCI and randomization

Dotted lines signify 95% confidence interval; HR=hazard ratio; PCI=percutaneous coronary intervention
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Limb Outcomes by Type with Ticagrelor versus Placebo
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TWILIGHT Study Design
Enrollment Period

3 Months
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12 Months

Observation Period
3 Months
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N = 7119

Standard of Care
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Ticagrelor + Aspirin

(Open label)
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Key Secondary Endpoint: Death, MI or Stroke 
PP Cohort
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Onset and Duration of Ticagrelor Reversal - LTA
Volunteers in Cohorts 7-10 were given fixed 18-g doses of PB2452 for 8, 12, and 16 hours 
in Cohorts 7, 8, and 9/10, respectively

P values by timepoint for each cohort

Cohort 5min 0.25h 0.5h 1h 2h 3h 6h 8h 10h 12h 16h 20h

7 0.040 0.040 0.131 0.037 0.040 0.019 0.019 0.019 0.152 0.019 0.019 0.224

8 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.152 0.019 0.019 0.019

10 0.043 0.020 0.020 0.020 0.020 0.020 0.020 0.020 N/A 0.020 0.020 0.020
Due to the small sample size for cohort 9 (n=3), statistical testing was not performed. For Cohorts 9 and 10, no 10-hour timepoint was collected. 

P-values for time point 24 hours or above are not significant. 

P<0.001 across all timepoints, Bonferroni adjusted

LTA= light transmittance aggregometry; ADP is the agonist

1. Immediate and sustained 

ticagrelor reversal with bolus + 

prolonged infusion of 18 g 

PB2452. 

2. Significant reversal was 

observed 5 minutes after 

initiation of PB2452 infusion. 

3. Duration of reversal was 

infusion-time dependent, 

lasting 20-24 hours with a 16-

hour infusion.

Bhatt DL, Pollack CV, Weitz JI, et al. N Engl J Med. 2019.



Prior

Bleed

WBC

Age

CrCl

Hb

0 pt

26 pt

0 pt

15 pt

0 pt19 pt

0 pts

25 pts

0 pt

15 pt

PRECISE DAPT Score

100 pts 0 pts



Giustino G, Chieffo A, Palmerini T,  et al... Colombo A. JACC. 2016.



Optimal Duration of DAPT?

Eisen A, Bhatt DL. Nature Reviews Cardiology 2015.



Breaking Update: US FDA Approval

Steg PG, Bhatt DL et al. N Engl J Med 2019. Bhatt DL, Steg PG, et al. Lancet 2019. 

Agent ACS + PCI ACS (Medical) Prior MI CAD (No Event)

Clopidogrel

Ticagrelor

Prasugrel

Current FDA Approvals



Breaking Update: US FDA Approval

Ticagrelor approved by FDA June 1, 2020 “to reduce 

the risk of a first MI or stroke in patients with coronary 

artery disease at high risk for such events”

Steg PG, Bhatt DL et al. N Engl J Med 2019. Bhatt DL, Steg PG, et al. Lancet 2019. 

Agent ACS + PCI ACS (Medical) Prior MI CAD (No Event)

Clopidogrel

Ticagrelor

Prasugrel





Dual Pathway Inhibition

Verma S, Eikelboom JW, Al-Omran M, Choi R, Heffernan M, Teoh H, Bhatt DL. Med 2020. https://doi.org/10.1016/j.medj.2020.05.003

https://doi.org/10.1016/j.medj.2020.05.003


Primary Efficacy Endpoint:
CV death, MI or stroke (ITT)

Prior PCI Interaction p=0.85 No Prior PCI

HR 0.74
(95% CI 0.61-0.88)

HR 0.76
(95% CI 0.61-0.94)

PCI

Bainey KR, Welsh RC, Connolly SJ, et al… Bhatt DL. Circulation. 2020. 



Secondary Efficacy Endpoint:
All-Cause Death (ITT)

Prior PCI No Prior PCI

HR 0.73
(95% CI 0.58-0.92)

HR 0.80
(95% CI 0.64-1.00)

Interaction p=0.59

PCI

Bainey KR, Welsh RC, Connolly SJ, et al… Bhatt DL. Circulation. 2020. 



• In ACS, at least 12 months of DAPT if no bleeding

• If high bleeding risk post PCI, can abbreviate DAPT at 3 months

• At that point ticagrelor (preferred) or clopidogrel monotherapy is an 

option in select patients

• If post-MI, diabetes, complex stenting/disease, consider longer

• Ticagrelor US label updated based on THEMIS, THEMIS PCI for CAD

Conclusions
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