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ever, in the ticagrelor group, there was a higher 
rate of non–CABG-related major bleeding ac-
cording to the study criteria (4.5% vs. 3.8%, 
P = 0.03) and the TIMI criteria (2.8% vs. 2.2%, 
P = 0.03) (Fig. 3 in the Supplementary Appendix). 
With ticagrelor as compared with clopidogrel, 
there were more episodes of intracranial bleed-
ing (26 [0.3%] vs. 14 [0.2%], P = 0.06), including 
fatal intracranial bleeding (11 [0.1%] vs. 1 [0.01%], 
P = 0.02). However, there were fewer episodes of 
other types of fatal bleeding in the ticagrelor 
group (9 [0.1%], vs. 21 [0.3%] in the clopidogrel 
group; P = 0.03) (Table 4).

Other Adverse Events
Dyspnea was more common in the ticagrelor 
group than in the clopidogrel group (in 13.8% of 
patients vs. 7.8%) (Table 4). Few patients discon-
tinued the study drug because of dyspnea (0.9% 
of patients in the ticagrelor group and 0.1% in 
the clopidogrel group).

Holter monitoring was performed for a me-
dian of 6 days during the first week in 2866 
patients and was repeated at 30 days in 1991 
patients. There was a higher incidence of ven-
tricular pauses in the first week, but not at day 30, 
in the ticagrelor group than in the clopidogrel 
group (Table 4). Pauses were rarely associated 
with symptoms; the two treatment groups did 
not differ significantly with respect to the inci-
dence of syncope or pacemaker implantation 
(Table 4).

Discontinuation of the study drug due to ad-
verse events occurred more frequently with ti-
cagrelor than with clopidogrel (in 7.4% of pa-
tients vs. 6.0%, P<0.001) (Table 2). The levels of 
creatinine and uric acid increased slightly more 
during the treatment period with ticagrelor than 
with clopidogrel (Table 4).

Discussion

PLATO shows that treatment with ticagrelor as 
compared with clopidogrel in patients with acute 
coronary syndromes significantly reduced the 
rate of death from vascular causes, myocardial 
infarction, or stroke. A similar benefit was seen 
for the individual components of death from vas-
cular causes and myocardial infarction, but not 
for stroke. The beneficial effects of ticagrelor 
were achieved without a significant increase in 
the rate of major bleeding.

The benefits of ticagrelor over clopidogrel 

were seen in patients who had an acute coronary 
syndrome with or without ST-segment elevation. 
Previous trials have shown benefits of clopidogrel 
in the same clinical settings.8,17-19 The advantages 
were seen regardless of whether patients had re-
ceived appropriate initiation of treatment with the 
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Figure 1. Cumulative Kaplan–Meier Estimates of the Time to the First  
Adjudicated Occurrence of the Primary Efficacy End Point.

The primary end point — a composite of death from vascular causes, myo-
cardial infarction, or stroke — occurred significantly less often in the ti-
cagrelor group than in the clopidogrel group (9.8% vs. 11.7% at 12 months; 
hazard ratio, 0.84; 95% confidence interval, 0.77 to 0.92; P<0.001).
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Figure 2. Cumulative Kaplan–Meier Estimates of the Time to the First Major 
Bleeding End Point, According to the Study Criteria.

The time was estimated from the first dose of the study drug in the safety 
population. The hazard ratio for major bleeding, defined according to the 
study criteria, for the ticagrelor group as compared with the clopidogrel 
group was 1.04 (95% confidence interval, 0.95 to 1.13).
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currently recommended higher loading dose of 
clopidogrel and regardless of whether invasive or 
noninvasive management was planned.20-25 The 
treatment effects were the same in the short term 
(days 0 to 30) and in the longer term (days 31 to 

360). This duration of treatment benefit has also 
been shown with clopidogrel.26 Thus, ticagrelor 
appears to expand on the previously demonstrat-
ed benefits of clopidogrel across the spectrum of 
acute coronary syndromes.

Table 4. Safety of the Study Drugs.*

End Point
Ticagrelor  

Group
Clopidogrel  

Group

Hazard or Odds  
Ratio for Ticagrelor 
Group (95% CI)† P Value

Primary safety end points — no./total no. (%)

Major bleeding, study criteria 961/9235 (11.6) 929/9186 (11.2) 1.04 (0.95–1.13) 0.43

Major bleeding, TIMI criteria‡ 657/9235 (7.9) 638/9186 (7.7) 1.03 (0.93–1.15) 0.57

Bleeding requiring red-cell transfusion 818/9235 (8.9) 809/9186 (8.9) 1.00 (0.91–1.11) 0.96

Life-threatening or fatal bleeding, study criteria 491/9235 (5.8) 480/9186 (5.8) 1.03 (0.90–1.16) 0.70

Fatal bleeding 20/9235 (0.3) 23/9186 (0.3) 0.87 (0.48–1.59) 0.66

Nonintracranial fatal bleeding 9/9235 (0.1) 21/9186 (0.3) 0.03

Intracranial bleeding 26/9235 (0.3) 14/9186 (0.2) 1.87 (0.98–3.58) 0.06

Fatal 11/9235 (0.1) 1/9186 (0.01) 0.02

Nonfatal 15/9235 (0.2) 13/9186 (0.2) 0.69

Secondary safety end points — no./total no. (%)

Non–CABG-related major bleeding, study criteria 362/9235 (4.5) 306/9186 (3.8) 1.19 (1.02–1.38) 0.03

Non–CABG-related major bleeding, TIMI criteria 221/9235 (2.8) 177/9186 (2.2) 1.25 (1.03, 1.53) 0.03

CABG-related major bleeding, study criteria 619/9235 (7.4) 654/9186 (7.9) 0.95 (0.85–1.06) 0.32

CABG-related major bleeding, TIMI criteria 446/9235 (5.3) 476/9186 (5.8) 0.94 (0.82–1.07) 0.32

Major or minor bleeding, study criteria 1339/9235 (16.1) 1215/9186 (14.6) 1.11 (1.03–1.20) 0.008

Major or minor bleeding, TIMI criteria‡ 946/9235 (11.4) 906/9186 (10.9) 1.05 (0.96–1.15) 0.33

Dyspnea — no./total no. (%)

Any 1270/9235 (13.8) 721/9186 (7.8) 1.84 (1.68–2.02) <0.001

Requiring discontinuation of study treatment 79/9235 (0.9) 13/9186 (0.1)  6.12 (3.41–11.01) <0.001

Bradycardia — no./total no. (%)

Pacemaker insertion 82/9235 (0.9) 79/9186 (0.9) 0.87

Syncope 100/9235 (1.1) 76/9186 (0.8) 0.08

Bradycardia 409/9235 (4.4) 372/9186 (4.0) 0.21

Heart block 67/9235 (0.7) 66/9186 (0.7) 1.00

Holter monitoring — no./total no. (%)

First week

Ventricular pauses ≥3 sec 84/1451 (5.8) 51/1415 (3.6) 0.01

Ventricular pauses ≥5 sec 29/1451 (2.0) 17/1415 (1.2) 0.10

At 30 days

Ventricular pauses ≥3 sec 21/985 (2.1) 17/1006 (1.7) 0.52

Ventricular pauses ≥5 sec 8/985 (0.8) 6/1006 (0.6) 0.60

Neoplasm arising during treatment — no. of patients/ 
total no. (%)

Any 132/9235 (1.4) 155/9186 (1.7) 0.17

Malignant 115/9235 (1.2) 121/9186 (1.3) 0.69

Benign 18/9235 (0.2) 35/9186 (0.4) 0.02

The New England Journal of Medicine 
Downloaded from nejm.org at AJOU UNIV COLL MEDICINE on September 7, 2017. For personal use only. No other uses without permission. 

 Copyright © 2009 Massachusetts Medical Society. All rights reserved. 

WallenDn	  et	  al.,	  NEJM,	  2009	  

	  	  

	  	  

Primary	  End	  Point:	  Vascular	  death,	  myocardial	  infarcCon	  and	  stroke	  	  

	  	  



Current	  clinical	  guideline	  for	  DAPT	  in	  ACS	  
solely	  based	  on	  PLATO	  trial	  

2017	  ESC/EACTS	  DAPT	  guideline	  	  
3.3. Specific P2Y12 Inhibitors: Recommendations

See Online Data Supplement 5 for evidence supporting
these recommendations.

In the PLATO (Platelet Inhibition and Patient Out-
comes) trial (53), patients with ACS were treated with
either medical therapy alone or medical therapy plus
PCI. Treatment with ticagrelor 90 mg twice daily,
compared with clopidogrel 75 mg once daily, resulted in
fewer ischemic complications and stent thromboses but
more frequent non–CABG-related bleeding (Data
Supplement 5). In the TRITON-TIMI 38 (Therapeutic
Outcomes by Optimizing Platelet Inhibition With Pra-
sugrel–Thrombolysis In Myocardial Infarction 38) (54)
study, patients with ACS undergoing planned PCI were
treated with prasugrel 10 mg daily, compared with clo-
pidogrel 75 mg daily. Prasugrel treatment resulted in
fewer ischemic complications and stent thromboses but
more frequent bleeding, including life-threatening and
fatal bleeding. Because of increased rates of major
bleeding with prasugrel (compared with clopidogrel),
there was no net benefit of prasugrel therapy in
those $75 years of age and those <60 kg, and there was
net harm (including increased risk of intracranial
hemorrhage) in those with prior stroke or transient
ischemic attack (TIA). The Class IIa preferential recom-
mendations for ticagrelor 90 mg twice daily and for
prasugrel 10 mg once daily (compared with clopidogrel)
in the 2014 Non–ST-Elevation Acute Coronary Syn-
dromes (NSTE-ACS) guideline are continued in this
focused update and are now included in relevant PCI
and ST-Elevation Myocardial Infarction (STEMI) recom-
mendations, as well.

In the PEGASUS-TIMI 54 study of post-MI patients, both
60-mg and 90-mg twice-daily doses of ticagrelor were
evaluated (28). The benefit/risk ratio appears to be
numerically more favorable for the 60-mg dose, although
no formal statistical comparison was made between
results of the 2 dosing regimens. The 60-mg twice-daily
dose has now been approved by the US Food and Drug

Administration for reduction in ischemic events in patients
with ACS or a history of MI (73).

3.4. Platelet Function Testing, Genetic Testing, and Switching
of P2Y12 Inhibitors

The role of platelet function testing and genetic testing in
patients treated with DAPT is addressed in the 2011 ACCF/
AHA/SCAI PCI guideline and the 2014 ACC/AHA NSTE-ACS
guideline (9,14). To date, no RCT has demonstrated that
routine platelet function testing or genetic testing to
guide P2Y12 inhibitor therapy improves outcome; thus,
the routine use of platelet function and genetic testing is
not recommended (Class III: No Benefit).

No randomized data are available on the long-term
safety or efficacy of “switching” patients treated for
weeks or months with a P2Y12 inhibitor to a different P2Y12

inhibitor.

3.5. Proton Pump Inhibitors and DAPT

The use of proton pump inhibitors (PPIs) in patients
treated with DAPT is discussed in a 2010 ACCF/ACG/AHA
expert consensus document (74). Recommendations on
the use of PPIs are given in the 2011 ACCF/AHA/SCAI PCI
guideline (9). PPIs should be used in patients with a history
of prior gastrointestinal bleeding treated with DAPT (Class
I). In patients with increased risk of gastrointestinal
bleeding, including those with advanced age and those
with concomitant use of warfarin, steroids, or nonsteroidal
anti-inflammatory drugs, use of PPIs is reasonable (Class
IIa). Routine use of PPIs is not recommended for patients at
low risk of gastrointestinal bleeding (Class III: No Benefit).

3.6. Aspirin Dosing in Patients Treated With DAPT:
Recommendation

See Online Data Supplement 6 for evidence supporting this
recommendation.

Recommendations for Specific P2Y12 Inhibitors

COR LOE RECOMMENDATIONS

IIa B-R
In patients with ACS (NSTE-ACS or STEMI) treated with DAPT after coronary stent implantation and in patients with
NSTE-ACS treated with medical therapy alone (without revascularization), it is reasonable to use ticagrelor in
preference to clopidogrel for maintenance P2Y12 inhibitor therapy (53,71,72).

IIa B-R
In patients with ACS (NSTE-ACS or STEMI) treated with DAPT after coronary stent implantation who are not at high
risk for bleeding complications and who do not have a history of stroke or TIA, it is reasonable to choose prasugrel
over clopidogrel for maintenance P2Y12 inhibitor therapy (54,55).

III: Harm B-R
Prasugrel should not be administered to patients with a prior history of stroke or TIA (54).
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PLATO	  trial	  did	  not	  demonstrate	  superiority	  of	  Ticagrelor	  in	  
North	  America	  and	  Asia 
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ObjecDves	  

•  Compare	   risk	   of	  net	   adverse	   clinical	   event	  
(NACE)	   between	   Dcagrelor	   and	   clopidogrel	  
in	   paDents	   with	   Acute	   Coronary	   Syndrome	  
(ACS)	   following	   percutaneous	   coronary	  
intervenDon	  (PCI)	  through	  OHDSI	  network.	  

	  



Method:	  Study	  PopulaDon	  

•  Inclusion	  Criteria	  
– Adults	  (>=20	  yrs)	  who	  iniDated	  Dcagrelor	  or	  clopidogrel	  due	  to	  acute	  
coronary	  syndrome	  (ACS)	  and	  undertook	  percutaneous	  coronary	  
intervenDon	  (PCI)	  

•  Exclusion	  Criteria	  
– Prior	  history	  of	  stroke	  or	  gastrointesDnal	  bleeding	  
– Use	  of	  prasugrel	  or	  opposing	  drug	  within	  previous	  30	  days	  from	  index	  
date	  

8	  hops://github.com/ohdsi-‐studies/TicagrelorVsClopidogrel	  



Method:	  Outcome	  
Primary	  endpoint:	  Net	  Adverse	  Clinical	  Event	  (NACE)	  
•  Composite	  of	  recurrent	  myocardial	  infarcDon,	  any	  

revascularizaDon,	  ischemic	  stroke,	  intracranial	  
hemorrhage,	  or	  gastrointesDnal	  bleeding	  

Secondary	  endpoint	  
•  Ischemic	  Event	  

–  Recurrent	  myocardial	  infarcDon	  
–  Any	  revascularizaDon	  (PCI	  +	  CABG)	  
–  Ischemic	  stroke	  

•  Hemorrhagic	  Event	  (major	  bleeding)	  
–  Intracranial	  hemorrhage	  
–  GastrointesDnal	  bleeding	  

•  Overall	  death	  
•  Dyspnea	  (PosiDve	  control)	  

9	  hops://github.com/ohdsi-‐studies/TicagrelorVsClopidogrel	  



Method:	  StaDsDcal	  Analysis	  
•  Primary	  analysis	  

–  Time	  windows:	  From	  1	  day	  to	  365	  days	  aqer	  the	  index	  date	  
–  UncondiDoned	  Cox	  regression	  aqer	  1-‐to-‐1	  PS	  matching	  

•  SensiDvity	  analyses	  
–  Time	  windows	  

•  On-‐treatment	  
•  5-‐year	  

–  StaDsDcal	  analysis	  
•  1-‐to-‐1	  PS	  matching	  with	  blanking	  period	  of	  outcome	  (28	  days)	  
•  Variable-‐raDo	  PS	  matching	  
•  PS	  straDficaDon	  

•  Assessment	  of	  systemic	  errors	  
–  96	  NegaDve	  controls	  

10	  hops://github.com/ohdsi-‐studies/TicagrelorVsClopidogrel	  



Method	  

•  Data	  source	  
–  Optum	  Pan-‐TherapeuCcs	  (PanTher)	  :	  USA,	  EHR	  (86M)	  
–  IQVIA’s	  Hospital	  data	  :	  USA,	  EHR	  (85M)	  
–  HIRA:	  South	  Korea,	  NaConwide	  Claim	  for	  paCents	  undertaking	  PCI	  (0.4M)	  

hops://github.com/ohdsi-‐studies/TicagrelorVsClopidogrel	  



ProporDon	  of	  Dcagrelor	  across	  years	  and	  drug	  
adherence	  in	  Korea	  

12	  

Days of Drug 
Continuation 1Q Median 3Q 

Ticagrelor 38 132 363 
Clopidogrel 78 232 566 

ProporCon	  of	  Ticagrelor	  user	  
among	  whole	  study	  populaCon 

Days	  of	  conCnuaCon	  of	  
Ccagrelor	  and	  clopidogrel 



Balance	  before	  and	  aqer	  PS	  matching	  
and	  SystemaDc	  error	  control	  
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Primary	  endpoint:	  1-‐year	  NACE	  
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Consistency	  in	  the	  results	  of	  the	  primary	  
endpoint	  in	  sensiDvity	  analyses 
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Summary	  

•  There	  appears	  to	  be	  no	  significant	  difference	  in	  1-‐year	  NACE	  
risk	  between	  Ccagrelor	  and	  clopidogrel	  users	  with	  ACS	  
following	  PCI	  

•  The	  	  findings	  for	  primary	  endpoint	  were	  consistent	  across	  
sensiDvity	  analyses	  

•  Ticagrelor	  is	  associated	  with	  higher	  risk	  of	  hemorrhagic	  events	  
and	  dyspnea.	  
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