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Learning Objectives

1. Understand the strengths and weaknesses of 
different research designs

2. Understand the current evidence base 
comparing different DAPT regimes

3. Appreciate the new research evidence, 
generated locally, into the comparative 
effectiveness of the different DAPT regimes
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Forest Plot

Juni et al. Lancet 2004. Exposure Decreases Risk Exposure Increases RiskUnity
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It’s not only about the data

7doi:https://doi.org/10.1073/pnas.2203150119

• Statistical inferences require a mathematical model
• A mathematical model aims to explain the data generating 

mechanism -> better understanding & decision making

https://doi.org/10.1073/pnas.2203150119


• Fixed-effects Models: Assume no between-study 
heterogeneity (i.e., all variability present is within-study 
variability that is due to chance alone).
– E.g., Peto, Mantel Haenszel

• Random-effects Models: Assume the presence of both 
within- and between-study heterogeneity (e.g., due to 
differences in population, study design, etc.)
– E.g., DerSimonian and Laird 

• I2 Statistic: Estimates the proportion of the total 
heterogeneity (or variance) that is due to between-study 
heterogeneity.
– Can be used as basis for choice of model.

Statistical Analyses
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The (PICO) research question

Is a DAPT regime of ticagrelor / aspirin superior to 
clopidogrel / aspirin in reducing cardiovascular (CV) events 
in patients undergoing percutaneous coronary interventions 
(PCI) following an acute coronary syndrome (ACS)?

– Population – ACS pts post PCI
– Intervention - ticagrelor / aspirin 
– Comparator - clopidogrel / aspirin 
– Outcome - death or CV hospitalizations
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Hasn’t the question already been answered?
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PLATO



Yes, for certain people
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CCS Guidelines 2012 & 2018



But not for everyone

• FDA refused 1st review , accepted 2nd in 2011 dissenting 
opinions (6-4) 
– “Lack of Robustness of PLATO Superiority with Failure in the US 

Makes a Confirmatory Study Mandatory.”
– “Besides failure in the US, superiority was only evident in the 

adjudicated results.”
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Another question about PLATO

International Journal of Cardiology 168 (2013) 4076–4080
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Accounting for this uncertainty

• Standard analysis treats all patients as identical and make 
inferences on “average patient”

• Same data but different statistical analyses -> different 
conclusions
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T clinically better C = 48%

Equivalent = 33%

T clinically worse C = 19%

Hierarchical
Bayesian



Reasons for Conducting a Systematic 
Review

• Summarize state of literature
– Qualitatively via systematic review
– Quantitatively via meta-analysis

• Address a question where multiple studies have been 
performed

• Explicitly examine heterogeneity of literature
• Clinical practice and public health decision making both 

require good evidence
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DAPT following an ACS: A systematic 
review and Bayesian network meta-analysis
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Bayesian network meta-analysis

MACE
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Bayesian network 
meta-analysis

MACE
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Bayesian network 
meta-analysis

MACE

Compared to C, P & T reduced 
MACE by a median of 13% (HRPC, 
0.87; 95% CrI: 0.74, 1.06) and 5% 
(HRTC, 0.95; 95% CrI: 0.81, 1.14), 

P had a 67.5% chance of 
producing a clinically meaningful 
– greater than 10% (HR<0.9) – 
decrease in MACE risk while T 
only had a 22.4% chance of 
exceeding the clinically important 
threshold.
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Bayesian network 
meta-analysis

Bleeding
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Bayesian network 
meta-analysis

Bleeding

P (HRPC, 1.23; 95% CrI: 1.04, 1.40) 
and T (HRTC, 1.07; 95% CrI: 0.99, 
1.17) increased bleeding relative to C. 

Probability of a clinically 
meaningful increase (HR>1.11) in 
major bleeding of 83.7% for P and 
67.7% for T, when compared to C.
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Conclusions of BNMA

• When compared to clopidogrel, prasugrel and ticagrelor 
were associated with moderate (68%) and very modest 
probabilities (23%) in clinically meaningful MACE 
reductions, respectively.

• Prasugrel and ticagrelor had high (84%) and moderate 
(68%) probabilities of clinically meaningful increases in 
bleeding. 

• Despite guideline recommendations, the net clinical 
benefit for these drugs compared to clopidogrel appears 
modest but residual uncertainty remains

• Also uncertain is the generalizability of these results to 
our local environment
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• When a meta-analysis is done outside of a 
systematic review

• When poor quality studies are included or 
when quality issues are ignored

• When inadequate attention is given to 
heterogeneity
- Indiscriminate data aggregation can lead to 

inaccurate conclusions
• In the presence of reporting biases

Egger M et al. Clin Med 2001.

When Can Meta-Analyses Mislead?
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Reporting Biases

Egger M et al. Systematic Reviews in Healthcare 2001. 25



Real-world comparative effectiveness of 
clopidogrel and ticagrelor for acute coronary 

syndromes in Quebec
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RAMQ study
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Baseline data
 Clopidogrel Ticagrelor 
n 15,777 6,959 
Age (mean (SD)) 75.93 (7.13) 73.41 (6.06) 
Sex (Female), n (%) 6294 (39.9) 2541 (36.5) 
Year, n (%)   
   2011 2230 (14.1) 2 (0.0) 
   2012 2826 (17.9) 203 (2.9) 
   2013 2159 (13.7) 780 (11.2) 
   2014 2070 (13.1) 1132 (16.3) 
   2015 1937 (12.3) 1270 (18.2) 
   2016 2039 (12.9) 1558 (22.4) 
   2017 2054 (13.0) 1618 (23.3) 
   2018 462 (2.9) 396 (5.7) 
Previous MI, n (%) 1905 (12.1) 525 (7.5) 
History of Angina, n (%) 1089 (6.9) 214 (3.1) 
CVD, n (%) 468 (3.0) 111 (1.6) 
CHF, n (%) 2082 (13.2) 552 (7.9) 
Ischemic HD, n (%) 10512 (66.6) 4257 (61.2) 
Pulmonary HD, n (%) 402 (2.5) 56 (0.8) 
Rheumatic HD, n (%) 655 (4.2) 175 (2.5) 
Other HD, n (%) 6162 (39.1) 1721 (24.7) 
Atrial fibrillation, n (%) 2435 (15.4) 227 (3.3) 
Cerebrovascular disease, n (%) 468 (3.0) 111 (1.6) 
Arteries disease, n (%) 288 (1.8) 59 (0.8) 
PVD, n (%) 1704 (10.8) 559 (8.0) 
Hypertension, n (%) 10679 (67.7) 4312 (62.0) 
Hypercholesterolemia, n (%) 9297 (58.9) 4230 (60.8) 
Dementia, n (%) 295 (1.9) 76 (1.1) 
COPD, n (%) 2521 (16.0) 952 (13.7) 
Rheumatologic disease, n (%) 420 (2.7) 192 (2.8) 
Digestive ulcer, n (%) 137 (0.9) 34 (0.5) 
Liver disease, n (%)   
   Mild 355 (2.3) 130 (1.9) 
   Moderate/Severe 37 (0.2) 6 (0.1) 
Diabetes, n (%) 3737 (23.7) 1530 (22.0) 
   Complications, n (%) 348 (2.2) 112 (1.6) 
Renal disease, n (%) 2063 (13.1) 599 (8.6) 
Cancer, n (%) 681 (4.3) 205 (2.9) 
   Metastatic, n (%) 169 (1.1) 39 (0.6) 
HIV, n (%) 6 (0.0) 2 (0.0) 
Plegia, n (%) 82 (0.5) 18 (0.3) 
Charlson index, n (%)   
   0 6144 (38.9) 3325 (47.8) 
   1 4327 (27.4) 1998 (28.7) 
   2 2353 (14.9) 839 (12.1) 
   3+ 1546 (9.8) 369 (5.3) 
Previous year   
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Clopidogrel subjects older (2.5 yrs), sicker, and 
treated at earlier time periods



Balancing the groups via PS
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Results
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Conclusion

After ATE weighting using propensity scores in ACS 
patients who underwent a PCI, ticagrelor was not 
significantly associated with a decrease in ischemic events 
nor bleeding outcomes.

Caveats: Causal inferences are limited by observational 
data with potential missing and residual confounding, 
missing data, and possible time trends
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Ticagrelor Compared to Clopidogrel in 
aCute Coronary syndromes – TC4 a 

pragmatic cluster randomized controlled trial
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Methods

• From Oct 2018 to Mar 2021, ACS patients with PCI 
• Randomized into pragmatic, open-label, time clustered, trial 
• 1o endpoint composite of all-cause mortality, non-fatal MI, or 

ischemic stroke (MACE). 
• 1o safety endpoint was hemorrhagic stroke or GI bleeding 

requiring hospitalization.
• Outcomes were ascertained with 12 months  FU using 

administrative databases
• Bayesian Cox proportional hazard models were used to 

evaluate all outcomes, using  vague, “skeptical”, 
“enthusiastic”, and “summary” informative priors. 
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Clarke M. PLoS Med 2004
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Bayesian paradigm

35



Results
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Results
 Clopidogrel Ticagrelor 

n 555 450 

Age (mean (SD)) 67.56 (10.92) 65.16 (11.33) 

Sex (male), n (%) 420 (75.7) 338 (75.1) 

Height, cm (mean (SD)) 170.60 (9.47) 171.04 (9.30) 

Weight, kg (mean (SD)) 83.05 (21.99) 83.31 (17.78) 

Smoking status, n (%)   

   Current 136 (24.6) 110 (24.6) 

Race, n (%)   

   Caucasian 453 (81.6) 376 (83.6) 

Previous DAPT, n (%)   

   No 409 (74.1) 341 (76.3) 

ACS diagnosis, n (%)   

   STEMI 116 (20.9) 94 (20.9) 

   NSTEMI 210 (37.9) 207 (46.1) 

   Unstable Angina 89 (16.1) 69 (15.4) 

   Other 139(25.1) 79(17.6) 

Hypertension, n (%) 387 (69.9) 300 (67.0) 

SBP (mean (SD)) 140.62 (22.23) 140.02 (22.62) 

DBP (mean (SD)) 79.72 (13.69) 80.43 (14.99) 

Heart rate (mean (SD)) 72.94 (15.43) 72.39 (15.11) 

Dyslipidemia, n (%) 376 (68.0) 301 (67.2) 

Diabetic, n (%) 185 (33.5) 139 (31.0) 

Previous MI, n (%) 159 (28.6) 120 (26.9) 

Previous PCI, n (%) 144 (25.9) 114 (25.4) 

CHF, n (%) 32 (5.8) 15 (3.3) 

Previous CABG, n (%) 77 (13.9) 32 (7.1) 

Previous stroke, n (%) 27 (4.9) 14 (3.1) 

History of PAD, n (%) 5 (0.9) 2 (0.4) 

creatinine (median [IQR]) 83.00 [71.00, 97.00] 83.00 [71.00, 97.00] 
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Results – Kaplan Meier Curve (MACE)
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Results – Kaplan Meier Curve (Bleeding)
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Results (MACE)
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Results (MACE)
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Results (Bleeding)
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TC4 - Conclusions
• 1st RCT comparing ticagrelor to clopidogrel with NA pts 

since PLATO (2009), ⬆ NA evidence base > 50%
• With vague prior MACE HR, 0.97; 95% CrI: 0.67, 1.40
• Or 35% probability of a clinically meaningful MACE benefit, 

40% clinical equivalency and 25% clinically worse 
• With NA PLATO prior MACE - 2% probability of a clinically 

meaningful benefit, 38% clinical equivalency, and 60% 
clinically worse 

• With NMA prior (all comers, all evidence) MACE - 24% 
probability clinical superiority, 72% equivalency, 4% 
clinically worse 

• WeaK evidence (≈20% probability) for clinical important 
(HR>1.1) risk of excessive bleeding with ticagrelor
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All roads lead to Rome

All evidence suggests a low probability that ticagrelor 
(@$1200/y) is clinically superior to clopidogrel (@$168/y)

– Plato hierarchical reanalysis
– Bayesian network meta-analysis
– Quebec pharmacoepidemiology study
– TC4 RCT

Additional annual Quebec health care cost $25MM for a 
ticagrelor first policy

Ultimately, the choice is yours
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