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History of Dual AntiPlatelet Therapy (DAPT) in 
patients with coronary artery disease

2017 ESC DAPT guideline 



PLATelet inhibition and patient 
Outcomes (PLATO) Trial

Wallentin et al., NEJM, 2009Primary End Point: Vascular death, myocardial infarction and stroke 



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

2017 ESC/EACTS DAPT guideline 

2016 ACC/AHA DAPT guideline 



PLATO trial did not demonstrate superiority 
of Ticagrelor in North America and Asia
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Pocock et al., EHJ, 2013



Aspirin dosing might matter

8Mahaffey et al., Circulation, 2011

• More patients in the 
United States (53.6%) 
than in the rest of the 
world (1.7%) took a 
median aspirin 
dose >= 300 mg/d

The lowest risk of cardiovascular 
death, myocardial infarction, or 
stroke with ticagrelor compared 
with clopidogrel is associated with 
a low maintenance dose of 
concomitant aspirin 



Superiority of ticagrelor over clopidogrel or 
prasugrel has never been replicated in RCTs
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CV mortality

Serebruany, CARDIOLOGY, 2010



• Multi-center, 
open-label RCT 
(Netherland)

• Investigator-
initiated

• Old(≥70yr) NSTE-
ACS
(N = 1002)
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Park et al.,Circulation, 2019

Primary bleeding

Superiority of ticagrelor over clopidogrel or prasugrel has 
never been replicated in RCTs

POPular-AGE

Gimbel et al., Lancet, 2020



• Multi-national (Japan, Korea, Taiwan), Multi-
center, double-blind RCT

• Sponsor-initiated

• ACS intended to PCI (N = 801)
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Goto et al., Cir J, 2015

Superiority of ticagrelor over clopidogrel or prasugrel has 
never been replicated in RCTs

PHILO



• Multi-center, 
open-label 
RCT

• Investigator-
initiated

• ACS patients 
(N=800)

13

Park et al.,Circulation, 2019

Superiority of ticagrelor over clopidogrel or prasugrel has 
never been replicated in RCTs

TICA-KOREA



Superiority of ticagrelor over clopidogrel has been 
challenged in an observational study

14Turgeon et al., JAMA Internal Medicine, 2020

• Data: 
Canadian Coronary 
Heart Disease 
Registry



East-Asian Paradox: 
One-Guideline-Fist-All Races?

• Although there have been no conclusive large-scale clinical 
trials including East Asians only, recent pharmacodynamic 
and clinical studies have suggested more insight and 
confidence for the ‘East Asian Paradox’

Jeong et al., Curr Cardiol Resp 2014



Is newer, more expensive treatment 
always better?

16Dayoub et al., JAMA Internal Medicine, 2018



Newer, more expensive treatment 
may aggravate inequity in health
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Dayoub et al., JAMA Internal Medicine, 2018

You et al., JAMA, 2020



Objectives

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



• International collaborative consortium applying open-source data analytic solutions based on 

OMOP-Common Data Model (CDM) to a large network of health databases across the world 

https://www.ohdsi.org/

OHDSI (Observational Health Data 
Sciences and Informatics)



Mission, Vision, and Values of OHDSI

• Our Mission

To improve health by empowering a community 
to collaboratively generate the evidence that 
promotes better health decisions and better 
care.

• Our Vision

A world in which observational research 
produces a comprehensive understanding of 
health and disease.
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Objectives of OHDSI
• Innovation: Observational research is a field which will benefit greatly from disruptive 

thinking. We actively seek and encourage fresh methodological approaches in our work.

• Reproducibility: Accurate, reproducible, and well-calibrated evidence is necessary for 
health improvement.

• Openness: We strive to make all our community’s proceeds open and publicly accessible, 
including the methods, tools and the evidence that we generate.

• Community: Everyone is welcome to actively participate in OHDSI, whether you are a 
patient, a health professional, a researcher, or someone who simply believes in our cause.

• Collaboration: We work collectively to prioritize and address the real world needs of our 
community’s participants.

• Beneficence: We seek to protect the rights of individuals and organizations within our 
community at all times.
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Objectives of OHDSI
• Innovation: Observational research is a field which will benefit greatly from disruptive thinking. 

We actively seek and encourage fresh methodological approaches in our work.
革新: 観察研究は破壊的思考から大いに恩恵を受ける分野です。私たちは研究において新し
い方法論的アプローチを積極的に求め、奨励しています

• Reproducibility: Accurate, reproducible, and well-calibrated evidence is necessary for health 
improvement.
再現性: 正確で再現可能で、よく校正された証拠は健康改善に必要です。

• Openness: We strive to make all our community’s proceeds open and publicly accessible, 
including the methods, tools and the evidence that we generate.
開放性: 私たちは、生成する方法、ツール、および証拠を含む、コミュニティの成果をすべて公
開し、公にアクセス可能にすることを目指しています。

• Community: Everyone is welcome to actively participate in OHDSI, whether you are a patient, a 
health professional, a researcher, or someone who simply believes in our cause.
コミュニティ: 患者、医療専門家、研究者、または単に私たちの理念を信じる人であれ、誰でも
OHDSIに積極的に参加することを歓迎します。

• Collaboration: We work collectively to prioritize and address the real world needs of our 
community’s participants.
協働: 私たちは集団として、コミュニティの参加者の現実のニーズを優先し、対処するために協
力します。

• Beneficence: We seek to protect the rights of individuals and organizations within our 
community at all times.
恩恵: 私たちは常にコミュニティ内の個人および組織の権利を保護することを目指しています。
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Strength in methodology

• Reproducibility
• Pre-specification of statistical analytic plan
• Active Comparator, New-User cohort design
• Using three large databases from US and Korea
• Large-scale propensity score model
• 96 Negative controls (Falsification endpoint)
• Large set of sensitivity analyses

– 1:1 PS matching / variable-ratio PS matching / PS 
stratification

– Diverse time windows
– Narrow outcome definitions
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Strength in methodology

• Reproducible and Open science
• Pre-specification of statistical analytic plan
• Active Comparator, New-User cohort design
• Using three large databases from US and Korea
• Large-scale propensity score model
• 96 Negative controls (Falsification endpoint)
• Large set of sensitivity analyses

– 1:1 PS matching / variable-ratio PS matching / PS 
stratification

– Diverse time windows
– Narrow outcome definitions
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Crisis of reproducibility: Lancet, NEJM retract controversial 
COVID-19 studies based on Surgisphere data

27

Prof. Chambers(Chair of Center for Open Science and Member of the UK Reproducibility Network Steering Group) said: 

“The failure to resolve such basic concerns about the data during the course of normal 
peer review raises serious questions about the standard of editing at the Lancet and 
NEJM. If these journals take issues of reproducibility and scientific integrity as 
seriously as they claim, then they should forthwith submit themselves and their 
internal review processes to an independent inquiry.”



End-to-end executable statistical 
program is available at GitHub

28https://github.com/ohdsi-studies/TicagrelorVsClopidogrel

https://github.com/chandryou/TicagrelorVsClopidogrel


The response of European Medicines 
Agency (EMA) on OHDSI study

29



My research experience
using personal GitHub repository

30https://github.com/chandryou/TicagrelorVsClopidogrel

https://github.com/chandryou/TicagrelorVsClopidogrel


Strength in methodology

• Reproducibility
• Pre-specification of statistical analytic plan
• Active Comparator, New-User cohort design
• Using three large databases from US and Korea
• Large-scale propensity score model
• 96 Negative controls (Falsification endpoint)
• Large set of sensitivity analyses

– 1:1 PS matching / variable-ratio PS matching / PS 
stratification

– Diverse time windows
– Narrow outcome definitions
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Method: Statistical Analytic Plan

32https://github.com/ohdsi-studies/TicagrelorVsClopidogrel/tree/master/documents

https://github.com/ohdsi-studies/TicagrelorVsClopidogrel/tree/master/documents


Method: Outcome

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

revascularization, ischemic stroke, intracranial hemorrhage, 
or gastrointestinal bleeding

Secondary endpoint
• Ischemic Event

– Recurrent myocardial infarction
– Any revascularization (PCI + CABG)
– Ischemic stroke

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

• Overall death
• Dyspnea (Positive control)

33https://github.com/ohdsi-studies/TicagrelorVsClopidogrel



34https://github.com/ABMI/skeletonChartReview

https://github.com/ABMI/skeletonChartReview


Strength in methodology

• Reproducibility
• Pre-specification of statistical analytic plan
• Active Comparator, New-User cohort design
• Using three large databases from US and Korea
• Large-scale propensity score model
• 96 Negative controls (Falsification endpoint)
• Large set of sensitivity analyses

– 1:1 PS matching / variable-ratio PS matching / PS 
stratification

– Diverse time windows
– Narrow outcome definitions
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Method: Study Population

• Inclusion Criteria
– Adults (>=20 yrs) who initiated ticagrelor or clopidogrel due to acute coronary 

syndrome (ACS) and undertook percutaneous coronary intervention (PCI)

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

36https://github.com/ohdsi-studies/TicagrelorVsClopidogrel
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Strength in methodology

• Reproducibility
• Pre-specification of statistical analytic plan
• Active Comparator, New-User cohort design
• Using three large databases from US and Korea
• Large-scale propensity score model
• 96 Negative controls (Falsification endpoint)
• Large set of sensitivity analyses

– 1:1 PS matching / variable-ratio PS matching / PS 
stratification

– Diverse time windows
– Narrow outcome definitions

38



Method

• Data source
– Optum Pan-Therapeutics (PanTher) : USA, EHR (86M)

– IQVIA’s Hospital data : USA, EHR (85M)

– HIRA: South Korea, Nationwide Claim for patients 
undertaking PCI (0.4M)

https://github.com/ohdsi-studies/TicagrelorVsClopidogrel



Strength in methodology

• Reproducibility
• Pre-specification of statistical analytic plan
• Active Comparator, New-User cohort design
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– Diverse time windows
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Negative controls

42

Arnold & Ecrumen. “Negative Control 
Outcomes: A Tool to Detect Bias in Randomized 
Trials.”  JAMA



Knowledge database for drug adverse 
events
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No use of falsification endpoint can be 
a limitation

45

Szummer et al., “Comparison Between Ticagrelor and Clopidogrel in Elderly Patients with an 
Acute Coronary Syndrome: Insights from the SWEDEHEART Registry.” Circulation



Strength in methodology

• Reproducibility
• Pre-specification of statistical analytic plan
• Active Comparator, New-User cohort design
• Using three large databases from US and Korea
• 96 Negative controls (Falsification endpoint)
• Large-scale propensity score model
• Large set of sensitivity analyses
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stratification

– Diverse time windows 
– Narrow outcome definitions
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Method: Statistical Analysis

• Primary analysis
– Time windows: From 1 day to 365 days after the index date
– Unconditioned Cox regression after 1-to-1 PS matching

• Sensitivity analyses
– Time windows

• On-treatment
• 5-year

– Statistical analysis
• 1-to-1 PS matching with blanking period of outcome (28 days)
• Variable-ratio PS matching
• PS stratification

– Blanking rule + Limited study date + Restricted outcome def + P 
value calibration

• Assessment of systemic errors
– 96 Negative controls
➔ 144 analyses (3x3x2x2x2)

51https://github.com/ohdsi-studies/TicagrelorVsClopidogrel



Balance before and after PS matching 
and Systematic error control

52

0.1

A.Optum PanTher B.IQVIA-Hospital C.HIRA
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Primary endpoint: 1-year NACE

63

A. Optum PanTher B. IQVIA-Hospital C.HIRA

D. Meta-analysis

P = 0.100



Consistency in the results of the primary 
endpoint in sensitivity analyses
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Distribution of risk estimates for NACE
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Summary

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

• The  findings for primary endpoint were 
consistent across sensitivity analyses

• Ticagrelor is associated with higher risk of 
hemorrhagic events and dyspnea.
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Mission, Vision, and Values of OHDSI

• Our Mission

To improve health by empowering a community 
to collaboratively generate the evidence that 
promotes better health decisions and better 
care.

• Our Vision

A world in which observational research 
produces a comprehensive understanding of 
health and disease.
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Objectives of OHDSI
• Innovation: Observational research is a field which will benefit greatly from disruptive thinking. 

We actively seek and encourage fresh methodological approaches in our work.
革新: 観察研究は破壊的思考から大いに恩恵を受ける分野です。私たちは研究において新し
い方法論的アプローチを積極的に求め、奨励しています

• Reproducibility: Accurate, reproducible, and well-calibrated evidence is necessary for health 
improvement.
再現性: 正確で再現可能で、よく校正された証拠は健康改善に必要です。

• Openness: We strive to make all our community’s proceeds open and publicly accessible, 
including the methods, tools and the evidence that we generate.
開放性: 私たちは、生成する方法、ツール、および証拠を含む、コミュニティの成果をすべて公
開し、公にアクセス可能にすることを目指しています。

• Community: Everyone is welcome to actively participate in OHDSI, whether you are a patient, a 
health professional, a researcher, or someone who simply believes in our cause.
コミュニティ: 患者、医療専門家、研究者、または単に私たちの理念を信じる人であれ、誰でも
OHDSIに積極的に参加することを歓迎します。

• Collaboration: We work collectively to prioritize and address the real world needs of our 
community’s participants.
協働: 私たちは集団として、コミュニティの参加者の現実のニーズを優先し、対処するために協
力します。

• Beneficence: We seek to protect the rights of individuals and organizations within our 
community at all times.
恩恵: 私たちは常にコミュニティ内の個人および組織の権利を保護することを目指しています。
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Remarks

• Interventional cardiology is ever evolving branch in 
cardiology
– CCU, lipid-lowering medication, advance in stenting, …

• It may not be reasonable to stick to the evidence 
generated a decade ago in interventional cardiology. 

• Observational study can generate high-level evidence
– Pre-specification for avoiding p-hacking

– Robust study design and control at least observed 
variables

• The objective of observational study is the 
investigation of possible cause–effect relationships 
(Cochrane)
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