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EBM hierarchy of evidence (1991-2004)
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Hierarchy of evidence

GRADE classification of the quality of evidence (2004~)
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Djulbegovic and Guyatt, Progress in Evidence-Based Medicine: A Quarter Century On, Lancet, 2017




Strengths and Weakness of Randomized Clinical Trial

Type of study Strengths

Randomized Best for studying an intervention
clinical trials Randomized

High internal validity
Unbiased distribution of confounders
Evaluates efficacy

Monti et al., Randomized Controlled Trials and Real-World Data: Differences and Similarities to Untangle
Literature Data, Rheumatology, 2018

Initial state Subsequent state
(baseline) (outcome)
l Treatment A l
Selection of
participants

Randomization

Treatment B

\ ) \ J
! Y

External validity Internal validity
(generalizability) (change, bias)




Strengths and Weakness of Randomized Clinical Trial

Type of study Strengths Weaknesses
Randomized Best for studying an intervention Expensive: time and money
clinical trials Randomized Short follow-up
High internal validity Volunteer bias
Unbiased distribution of confounders Low generalizability to different or real-world
Evaluates efficacy population

Monti et al., Randomized Controlled Trials and Real-World Data: Differences and Similarities to Untangle Literature Data, Rheumatology, 2018
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Type of study

Randomized
clinical trials

Selection of
participants

Weaknesses
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Short follow-up
Volunteer bias
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Rothwell, External Validity of Randomised Controlled Trials: “To Whom Do the Results of This Trial Apply?’, Lancet, 2005
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/ Characteristics of RCTs and External Validity

* Eligibility criteria in RCTs
— A comprehensive description of the eligibility criteria used to select the
trial participants is needed to help readers interpret the study

— A clear understanding of these criteria is one of several elements required
to judge to whom the results of a trial apply (generalizability)

* External Validity
— To whom do the results of this trial apply?

— Can the results be reasonably applied to a definable group of patients in a
particular clinical setting in routine practice?

— Are the results generalizable beyond the trial setting?




// Evidence of the neglect of consideration of
external validity of RCTs and systematic reviews

* Research into internal validity of RCTs and systematic reviews far
outweighs research into how results should best be used in practice.

* Rules governing the performance of trials, such as good clinical practice,
do not cover issues of external validity.

* Drug licensing bodies, such as the US Food and Drug Administration, do

not require evidence that a drug has a clinically useful treatment effect,
or a trial population that is representative of routine clinical practice

* None of the many scores for judging the quality of RCTs address external
validity adequately.

* There are no accepted guidelines on how external validity of RCTs
should be assessed.

Rothwell, External Validity of Randomised Controlled Trials: “To Whom Do the Results of This Trial Apply?’, Lancet, 2005 9
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Ticagrelor versus Clopidogrel in Patients with Acute
Coronary Syndromes

RCT and OHDSI: Ticagrelor vs clopidogrel

Research

JAMA | Original Investigation

Association of Ticagrelor vs Clopidogrel With Net Adverse Clinical Events
in Patients With Acute Coronary Syndrome Undergoing Percutaneous
Coronary Intervention

Seng Chan You, MD, MS; Yeunsook Rho, PhD; Behnood Bikdeli, MD, MS; Jiwoo Kim, MS; Anastasios Siapos, MSc;
James Weaver, MSc; Ajit Londhe, MPH; Jaehyeong Cho, BS; Jimyung Park, BS; Martijn Schuemie, PhD;

Marc A. Suchard, MD, PhD; David Madigan, PhD; George Hripcsak, MD, MS; Aakriti Gupta, MD, MS;

Christian G. Reich, MD; Patrick B. Ryan, PhD; Rae Woong Park, MD, PhD; Harlan M. Krumholz, MD, SM
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Primary End Point: Vascular death, myocardial infarction and stroke

Wallentin et al., NEJM, 2009

Hazard ratio Favors : Favors
Source Ticagrelor Clopidogrel (95% CI) ticagrelor | clopidogrel
Optum electronic health record 1307/16414 1192/16414 1.08 (1.00-1.17) —h—
1QVIA hospital 294/3998 272/3998 1.06 (0.90-1.24) —~:1l—
Health Insurance Review and Assessment  1883/10878 1826/10878 1.02 (0.96-1.09) *
I Overall: 12=0.0%; P=.06 3484/31290 3290/31290 1.05 (1.00-1.10) I ‘
0.5 1 2

Hazard ratio (95% CI)

Primary End Point: Recurrent MI, revascularization, stroke, and Gl bleeding
-

You et al., JAMA, 2020
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Benazepril plus Amlodipine or Hydrochlorothiazide
for Hypertension in High-Risk Patients
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No. at Risk
Benazepril plus amlodipine 5512 5317 5141 4959 4739 2826 1447

Benazepril plus hydrochlorothiazide 5483 5274 5082 4892 4655 2749 1390

Korean Circ J. 2020 Jan;50(1):e2
https://doi.org/10.4070 /kcj.2019.0173
pISSN 1738-5520-eISSN 1738-5555

RCT and OHDSI: ACEi+CCB vs ACEi+Diuretics
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Korean Circulation Journal

Original Article

M) Check for updates ‘

Comparison of First-Line Dual
Combination Treatments in

Hypertension: Real-World Evidence

from Multinational Heterogeneous

Jamerson et al., NEJM, 2008

Cohorts
A A+C A+D

FavorA+C = Favor A+D
Data Source Total No. Event No. Person-Years Event rate* Total No. Event No. Person-Years Eventrate HR (95% Cl) Weight
CEDM 66,894 1,893 200,097 9.5 66,894 1,731 200,514 8.6 1.10 (1.00-1.21) . 50.6%
CCAE 112,710 502 326,432 15 112,710 452 326,919 14 1.13 (0.94-1.37) B 15.1%
Medicare 34,329 806 121,680 6.6 34,329 739 119,344 6.2 0.98 (0.84-1.14) : 22.6%
Medicaid 4,006 127 13,105 97 4,006 125 13,304 9.4 0.91 (0.64-1.29) —_— 4.6%
NHIS-NSC 4,747 198 16,407 121 4,747 170 17,072 10.0 1.27 (0.96-1.69) T 7.2%
Overall 222,686 3,526 677,721 52 222686 3,217 677,153 48 1.08(0.97-1.20) l<> ?00-0
Heterogeneity” = 4.6% p=0.127 05 1 2

Hazard Ratio (95% CI)
You et al., KCJ, 2019 11



Difference in baseline characteristics
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ARTICLE  OPEN ® chock for wpdates
Translating evidence into practice: eligibility criteria fail to
eliminate clinically significant differences between real-world
and study populations

Amelia J. Averitt@®', Chunhua Weng @', Patrick Ryan'? and Adler Perotte'
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Difference in baseline characteristics:
Enrolled in the RCT vs Indication only vs eligibility criteria

Table 4. Results for benazepril-amlodipine vs. benazepril and hydrochlorothiazide (HCTZ) trial (ACCOMPLISH).
The ACCOMPLISH Trial Columbia University Irving Medical Center
NEJM*© (CUIMQ)
Baseline characteristics Benazepril-amlodipine genazepril— HCTZ Pooled Indication only With eligibility criteria
roup
n=5744 n=5762 n=11506 o n=36,854 Agct n=4198 AgRer
Age
265 years 3813 3827 66.40% 17.98% —0.451  60.05% —0.063
270 years 2363 2340 40.87% 9.59% —0.295 43.22% 0.023
Gender
Female 2296 2246 39.48% 67.81% 0.283 70.41% 0.309
Male 3448 3515 60.52% 32.18% —0.283  29.56% —0.310
Unknown 0 0 0.00% 0.01% 0.000 0.02% 0.000
Race
White 4817 4795 83.54% 2531% —0.595 10.65% —0.729
Black 697 719 12.31% 14.38% 0.010 12.51% 0.002
Hispanic 300 323 541% 30.25% 0.230 36.45% 0.310
Other 230 247 4.15% 19.41% 0.167 30.12% 0.260
Unknown 0 0 0.00% 7.25% 0.134 10.26 0.103
Weight 88.7 88.5 88.60 1895 78.01 —0.346 74.65 —0.514
Waist circumference 103.9 103.8 103.85 1530 NED - NED -
Body mass index 31 31 31.00 6.20 30.13 —0.061  29.95 —0.096
Blood pressure
Systolic 145.3 145.4 145.35 1825 129.75 —0.704 13341 —0.537
Diastolic 80.1 80.1 80.10 10.75 76.78 —0.251 73.85 —0.479
Pulse 70.5 70.3 70.40 11.00 79.33 0.552 77.95 0.496
eGFR 789 79 78.95 21.35 NED* - NED* -

Averitt et al., Npj Digital Medicine, 2020 13
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Twelve or 30 Months of Dual Antiplatelet Therapy

after Drug-Eluting Stents

Laura Mauri, M.D., Dean . Kereiakes, M.D., Robert W. Yeh, M.D., Priscilla Driscoll-Shempp, M.B.A.,
Donald E. Cutlip, M.D., P. Gabriel Steg, M.D., Sharon-Lise T. Normand, Ph.D., Eugene Braunwald, M.D.,
Stephen D. Wiviott, M.D., David J. Cohen, M.D., David R. Holmes, Jr., M.D., Mitchell W. Krucoff, M.D.,
James Hermiller, M.D., Harold L. Dauerman, M.D., Daniel I. Simon, M.D., David E. Kandzari, M.D.,
Kirk N. Garratt, M.D., David P. Lee, M.D., Thomas K. Pow, M.D., Peter Ver Lee, M.D., Michael J. Rinaldi, M.D.,
and Joseph M. Massaro, Ph.D., for the DAPT Study Investigators*

ABSTRACT

BACKGROUND
Dual antiplatelet therapy is recommended after coronary stenting to prevent throm-
botic complications, yet the benefits and risks of treatment beyond 1 year are uncertain.

METHODS

Patients were enrolled after they had undergone a coronary stent procedure in which
a drug-eluting stent was placed. After 12 months of treatment with a thienopyridine
drug (clopidogrel or prasugrel) and aspirin, patients were randomly assigned to con-
tinue receiving thienopyridine treatment or to receive placebo for another 18 months;
all patients continued receiving aspirin. The coprimary efficacy end points were stent
thrombosis and major adverse cardiovascular and cerebrovascular events (a compos-
ite of death, myocardial infarction, or stroke) during the period from 12 to 30 months.
The primary safety end point was moderate or severe bleeding.

RESULTS

A total of 9961 patients were randomly assigned to continue thienopyridine treat-
ment or to receive placebo. Continued treatment with thienopyridine, as compared
with placebo, reduced the rates of stent thrombosis (0.4% vs. 1.4%; hazard ratio,
0.29 [95% confidence interval {CI}, 0.17 to 0.48]; P<0.001) and major adverse car-
diovascular and cerebrovascular events (4.3% vs. 5.9%; hazard ratio, 0.71 [95% CI,
0.59 to 0.85]; P<0.001). The rate of myocardial infarction was lower with thieno-
pyridine treatment than with placebo (2.1% vs. 4.1%; hazard ratio, 0.47; P<0.001).
The rate of death from any cause was 2.0% in the group that continued thienopyri-
dine therapy and 1.5% in the placebo group (hazard ratio, 1.36 [95% CI, 1.00 to 1.85];
P=0.05). The rate of moderate or severe bleeding was increased with continued thi-
enopyridine treatment (2.5% vs. 1.6%, P=0.001). An elevated risk of stent thrombo-
sis and myocardial infarction was observed in both groups during the 3 months
after discontinuation of thienopyridine treatment.

CONCLUSIONS

Dual antiplatelet therapy beyond 1 year after placement of a drug-eluting stent, as
compared with aspirin therapy alone, significantly reduced the risks of stent throm-
bosis and major adverse cardiovascular and cerebrovascular events but was associated
with an increased risk of bleeding. (Funded by a consortium of eight device and drug
manufacturers and others; DAPT ClinicalTrials.gov number, NCT00977938.)

The authors’ affiliations are listed in the
Appendix. Address reprint requests to Dr.
Mauri at the Division of Cardiovascular
Medicine, Department of Medicine,
Brigham and Women’s Hospital, 75 Fran-
cis St., Boston, MA 02115, or at Imauril@
partners.org.

*A complete list of investigators and
committee members in the Dual Anti-
platelet Therapy (DAPT) study is pro-
vided in the Supplementary Appendix,
available at NEJM.org.

This article was published on November
16, 2014, at NEJM.org.

N Engl) Med 2014;371:2155-66.
DOI: 10.1056/NEJMoal409312
Copyright © 2014 Massachusetts Medical Society.

Difference in baseline characteristics:
How this affects? DAPT and EXTEND-DAPT

Major Adverse Cardiovascular and Cerebrovascular Events

12-30 mo  Thienopyridine vs. placebo, 4.3% vs. 5.9%;
hazard ratio, 0.71; P<0.001

12-33 mo  Thienopyridine vs. placebo, 5.6% vs. 6.5%;
hazard ratio, 0.82; P=0.02

100+ 8-
90- —— Placebo

80— 6 —— Thienopyridine
70+
604 44
50
404 27
30
20
10

04+—+~4— —T— T T T
0 12 15 18 21 24 27 30

Cumulative Incidence (%)

Months since Enrollment
No. at Risk

Thienopyridine 5020 4917 4840 4778 4702 4611 4554 3029
Placebo 4941 4799 4715 4635 4542 4476 4412 2997

Mauri et al., NEJM, 2014 15
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Estimation of DAPT Study Treatment Effects in
Contemporary Clinical Practice: Findings From
the EXTEND-DAPT Study

Neel M. Butala®™, MD, MBA; Kamil F. Faridi®, MD, MSc; Hector Tamez, MD, MPH; Jordan B. Strom@, MD, MSc;
Yang Song, MSc; Changyu Shen, PhD; Eric A. Secemsky®, MD, MSc; Laura Mauri, MD, MSc; Dean J. Kereiakes®, MD;
Jeptha P. Curtis, MD; C. Michael Gibson, MD, MS; Robert W. Yeh(, MD, MSc

BACKGROUND: Differences in patient characteristics, changes in treatment algorithms, and advances in medical technology
could each influence the applicability of older randomized trial results to contemporary clinical practice. The DAPT Study (Dual
Antiplatelet Therapy) found that longer-duration DAPT decreased ischemic events at the expense of greater bleeding, but
subsequent evolution in stent technology and clinical practice may attenuate the benefit of prolonged DAPT in a contemporary
population. We evaluated whether the DAPT Study population is different from a contemporary population of US patients
receiving percutaneous coronary intervention and estimated the treatment effect of extended-duration antiplatelet therapy
after percutaneous coronary intervention in this more contemporary cohort.

METHODS: We compared the characteristics of drug-eluting stent—treated patients randomly assigned in the DAPT Study to
a sample of more contemporary drug-eluting stent-treated patients in the National Cardiovascular Data Registry CathPCl
Registry from July 2016 to June 2017. After linking trial and registry data, we used inverse-odds of trial participation
weighting to account for patient and procedural characteristics and estimated a contemporary real-world treatment effect of
30 versus 12 months of DAPT after coronary stent procedures.

RESULTS: The US drug-eluting stent—treated trial cohort included 8864 DAPT Study patients, and the registry cohort included
568540 patients. Compared with the trial population, registry patients had more comorbidities and were more likely to present
with myocardial infarction and receive 2nd-generation drug-eluting stents. After reweighting trial results to represent the registry
population, there was no longer a significant effect of prolonged DAPT on reducing stent thrombosis (reweighted treatment
effect: —0.40 [95% Cl, —0.99% to 0.15%]), major adverse cardiac and cerebrovascular events (reweighted treatment effect,
-0.52 [95% Cl,~-2.62% to 1.03%]), or myocardial infarction (reweighted treatment effect, =0.97% [95% Cl, =2.75% to 0.18%)]),
but the increase in bleeding with prolonged DAPT persisted (reweighted treatment effect, 2.42% [95% Cl, 0.79% to 3.91%]).

CONCLUSIONS: The differences between the patients and devices used in contemporary clinical practice compared with the

DAPT Study were associated with the attenuation of benefits and greater harms attributable to prolonged DAPT duration.
These findings limit the applicability of the average treatment effects from the DAPT Study in modern clinical practice.

Key Words: percutaneous coronary intervention ® platelet aggregation inhibitors ® pragmatic clinical trials as topic

Difference in baseline characteristics:
How this affects? DAPT and EXTEND-DAPT
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EDITORIAL

(/ Why are we left with leveraging real-world data to address the

generalizability of the results of clinical trials?

The Evolution of Evidence-Based Medicine: When
the Magic of the Randomized Clinical Trial Meets

Real-World Data

Seng Chan You(®, MD, PhD; Harlan M. Krumholz{, MD, SM

the prioritization of evidence, and the results from

well-designed randomized clinical trials are regarded
as the gold standard of evidence. The PCI-CURE clinical
frial (Percutaneous Coronary Intervention—Clopidogrel in
Unstable Angina to Prevent Recurrent Ischemic Events),
published in 2001, provided the evidence to establish a
standard dual antiplatelet therapy (DAPT) strategy with
12-month aspirin and P2Y 12 inhibitors after implanta-
tion of drug-eluting stents (DES). The researchers found
that prolonged DAPT up to 12 months can prevent the
risk of a subsequent fatal cardiac event, stent thrombo-
sis." The DAPT trial, published in 2014, found that pro-
longed duration (up to 30 months) of DAPT lowers the

The central principle of evidence-based medicine is

risk of stent thrombosis and recurrent myocardial infarc-
tion, compared with a 12-month duration, at the cost of
more bleeding.? The DAPT study remains the largest trial
on this topic and has generated considerable debate.

over, decades after initial publication, questions may
emerge surrounding the generalizability of the results
to contemporary populations. The newer generation of
DES, with the alteration of the antiproliferative drug,
structure of stent polymer, and stent platform, reduced
the risk of late and very late stent thrombosis compared
with the previous generation and challenged the strategy
of 12-month or longer DAPT duration.®

As reported in this issue of Circulation, Butala and
colleagues* investigated the generalizability of the
DAPT study. By leveraging data from the National Car-
diovascular Data Registry CathPCl Registry from 2016
to 2017, they evaluated the differences in characteris-
tics between the participants in the DAPT trial and con-
temporary patients in the United States who undergo
percutaneous coronary intervention. Compared with
the trial population, registry patients were older and
had more comorbidities. Although first-generation DES
was implanted in ~40% of patents in the trial. 100%

* The characteristics of enrolled
patients passing eligibility criteria in
the trial may differ from the
patients under routine clinical
practice.

 Over time, the characteristics of
people of indication have changed.
The evidence from trials may not be
durable over time

You and Krumbholz., Circulation, 2022 17
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TrialsiReplication through
Observational study by Yonsei




// Trials Replication through Observational study by
Yonsei (TROY)

 The TROY project seeks to generate real-world evidence of drugs for
each emulated pivotal RCTs using the OHDSI network

— Difference in baseline characteristics (what we are doing now)
— Estimating heterogeneous treatment effect (what we hope to accomplish)

* Replication study design for 15 target trials:

— Target-Comparator cohort design: In a placebo-controlled trial without an
active comparator, a similar drug is replaced (2 cohorts)

— Eligibility Criteria-Indication Only cohort design: In the clinical practice
patients who met the eligibility criteria for target RCT and those who had
any indications (2 cohorts)

19



¢/ Trials Replication through Observational study by
/’ Yonsei (TROY)

* The 15 randomized clinical trials to be replicated in the TROY
I = VAR Mo (il s ool e I R

LEADER Liraglutide (GLP-1) DPP-4 Placebo-controlled RCT
Dapagliflozin (SGLT-2) DPP-4 Placebo-controlled RCT
Empagliflozin (SGLT-2) DPP-4 Placebo-controlled RCT
Canagliflozin (SGLT-2) DPP-4 Placebo-controlled RCT
Linagliptin (DPP-4) Sulfonylureas Placebo-controlled RCT
Sitagliptin (DPP-4) Sulfonylureas Placebo-controlled RCT
Saxagliptin (DPP-4) Sulfonylureas Placebo-controlled RCT
Linagliptin (DPP-4) Glimepiride (Sulfonylureas)

Prasugrel + Aspirin Clopidogrel + Aspirin
Ticagrelor + Aspirin Clopidogrel + Aspirin
Rivaroxaban Warfarin
Apixaban Warfarin
Edoxaban Warfarin
ORAL Tofacitinib TNF inhibitor
Tofacitinib TNF inhibitor



TROY process: Eligibility criteria cohort

 Eligibility criteria cohort: In the given data, replicate the
iInclusion/exclusion criteria as closely as possible to the
targeting RCT

PLATO trial

Inclusion
* Hospitalized for potential ST-segment elevation (STE) or non-STE ACS with

symptom onset in prior 24 hours lasting 210 minutes while at rest; either
* 1) persistent STE 21 mm in 22 contiguous leads or new LBBB plus planned
primary PCI

* 2) 22 of the following: STE changes on ECG indicating ischemia, positive
biomarker indicating myocardial necrosis, or one of seven clinical risk factors

» Risk factors: age 260 years, prior Ml or CABG, stenosis 250% in 22 vessels,
prior stroke, TIA, carotid stenosis, or cerebral revascularization, diabetes, Repl icate
peripheral artery disease, or chronic renal dysfunction

Exclusion
« Contraindication to clopidogrel

* Fibrinolytic therapy within 24 hours prior to randomization Ta rQEt Com paratOl'

* Need for oral anticoagulation therapy

* Increased risk of bradycardia
+ Concomitant therapy with a strong cytochrome P-450 3A inhibitor or inducer
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TROY process: Eligibility criteria cohort

 Eligibility criteria cohort: In the given data, replicate the
iInclusion/exclusion criteria as closely as possible to the
targeting RCT

& Cohort #105

[TROY] Apixaban (ARISTOTLE) v3.33

DEGTSURNGON  ConceptSets  Generation  Reporting  Export | Messages €)

enter a cohort definition description here

Coh

Entry Even

Events having any of the following crteria

[

R erastartis: [ On or After v |[2013-02-27

X vith era length | Greater or Equal To v |[7 | days

X with age in years at era start

with continuous observation of at least days before and [0 v | days after event index date
Limit initial events to: earliest event v | per person
Restrict intial events to:

having[any v of the following criteria:

with [at least v |[1_+ ][ using all | occurrences of:

PRSI (1Rov) Auial fibrilation and flut.
€ with a Visitoccurrence of: X Inpatient Vs
where ([ between[7 v | days and[0 v ] days [Atter_ | (NG add additional constraint

O restrict to the same visit occurrence

O allow events from outside observation period

or with [at least v|[2_v|[using all | occurrences of:

EXCURICUBRSTEELY [TROVY) Atrial fibrillation and fiut..  +

where ([ESETREER between 365 v | days| Before v | and[0 v | days

O restrict to the same visit occurrence

index start date elleRellE

O allow events from outside observation period

Limit initial events to:  earliest event v per person.

Indlusion Crite

1. One or more of the following risk
factor(s) for stroke:

2. Clinically significant (moderate or
severe) mitral stenosis

3. Increased bleeding risk that is
believed to be a contraindication to
oral anticoagulation (e.g. previous
intracranial hemorrhage)

4. Conditions other than atrial
fibrillation that require chronic
anticoagulation (eg. prosthetic
mechanical heart valve)

. Persistent, uncontrolled
hypertension (systolic BP > 180 mm
Hg, o diastolic BP > 100 mm Hg)

6. Active infective endocarditis

7. Planned major surgery

8. Planned atrial fibrilation or flutter
ablation procedure

9. Use of an unapproved,
investigational drug or device within
the past 30 days

10. Required treatment with aspirin >
165 mg/day

1. Simultaneous treatment with both
aspirin and a thienopyridine (e.g
clopidogrel, ticlopidine)

12. Severe comorbid condition with life
expectancy of < 1 year

13. Active alcohol or drug abuse, or
psychosocial reasons that make
study participation impractical

14, Recent ischemic stroke (within 7
days)

15. Severe renal insufficiency (serum
creatinine > 25 mg/dL or
calculated creatinine clearance < 25
ml/min, See Section 6322)

16. ALT or AST > 2X ULN or a Total
Bilirubin > 01.5X ULN (unless an
alternative causative factor e,
Gilbert's syndrome] is identified)

17. Platelet count < 100,000/ mm3

18. Anemia

19. Women who are pregnant

One or more of the following risk factor(s) for stroke:

enter an inclusion rule description

having| at least v |[1 ¥ ] of the following criteria:

with the following event criteria .
R vith age  Greater or Equal To v|[75 |

or with|at least v using all ] occurrences of:

a condition occurrence of [UNSY EHS R INSRY PRI

where [ERERRRRY between| All v | days Before -] and [0 v | days After v

O restrict to the same visit occurrence

P COIReee add additional constr

O allow events from outside observation period

or with [ at east v using all ] occurrences of:

ELSEREE  (1ROV] congestive heart failure ..~

where EEETEII ctveen( 5 v | oy efore  Jon 0 v |y | (LTI o ol

O restrict to the same visit occurrence

T ™

arget Comparator

O allow events from outside observation period

or with at least v |[1_v][ using all ] occurrences of:

a condition occurrence of

Replicate

[TROV] Diabetes Mellitus  +

where [EPEYRY between| 90 v | days  Before v | and [0 v | days [After | (R TEREReY add additional constraint
O restrct o the same visit occurrence
O allow events from outside observation period

Or having | all | of the following criteria:

with [at least v |[1_v][ using all ] occurrences of:

a condition occurrence of [T ]

where ([EEEERE between 3650 v | days Before v | and[0 v | days [ After | [T RRURNeS add aditional constraint
Orestrict to the same visit occurrence:
allow events from outside observation period

and with| at least v || 1 v

LIRS  [TROV] Antihypertensive drugs — ~

oceurrences of:
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TROY process: Indication only cohort

* Indication only cohort: A cohort of all patients who use and
have an indication for each drug found on the FDA's drug
label, including those who meet the eligibility criteria

INDICATIONS AND USAGE

@ [ ] @ [ ] [ ] @

o o

i . - e . e - V2 V2

cardiovascular death, acute (J"-\ (5

coronary syndrome or a history o ocardial infarction .Fora

east the firs onths following it is superior to clopidogrel. o © ® o o o © ® o o
so reduces the rate of stent thrombosis 1n patients who have \ \

bee ttdft atment of ACS. (1) W et

Replicate

® O ® o ® O ® o
INDICATIONS AND USAGE w * f .l r G w ﬂ f .l r{g
ted to reduce the risk of

ELIQUIS is a factor Xa inhibitor antic

stroke and systemic mb lism in patien t with lvul atrial fibrillation.
(1) Target Comparator
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7

* The index date is the drug start date and only patients who were

observable within the database during the previous 180 days were
included

— Also, the index date is after the date the target drug was approved by the
Korean FDA

 ARCT: Indicators of baseline characteristics differences from
replicated cohort and reported pooled RCT data
— Standardized mean difference for the mean variable
— Difference in percentage points for categorical variable

« All source codes for this work are available at
https://github.com/ohdsi-studies/Troy

TROY process: Difference in baseline characteristics
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Data sources

« Korean EMR databases:

— Yonsei University Health System (YUHS)
CDM (5.7M)

— Ajou University School of Medicine (AUSOM)
CDM (2.8M)

— Other FEEDER-NET data partners as
Research Free Zone

K, /” o \
‘@) OF=F=t}i gn’.l_.l.l Y FEEDER\‘
&P AJOU UNIVERSITY )

‘

J‘UN“’%& O
©) Rl = a1
xuex? SEVERANCE HOSPITAL
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Pivotal trial

LEADER

DECLARE-TIMI 58

EMPA-REG
OUTCOME

CANVAS
CARMELINA
TECOS
SAVOR-TIMI 53

CAROLINA

NA means that the use of the drug could not be observed in the database or was not sufficient

YUHS

Target
NA
(liraglutide)
248
(dapagliflozin)
362
(empaglifiozin)
NA
(canagliflozin)
446
(linagliptin)
129
(sitagliptin)
NA
(saxagliptin)

352
(linagliptin)

Comparator

343
(glimepiride)

Replication results:
With eligibility criteria / indication only cohort

* Replicated drugs: antidiabetics

With eligibility criteria

AUSOM

Target
NA
(liraglutide)
133
(dapagliflozin)
445
(empaglifiozin)
NA
(canagliflozin)
30
(linagliptin)
143
(sitagliptin)
353
(saxagliptin)

135
(linagliptin)

Comparator

265
(glimepiride)

Indication only

YUHS
Target Comparator
NA 11,897
(liraglutide) (DPP-4)
2,412 11,897
(dapagliflozin) (DPP4)
887 11,897
(empaglifiozin) (DPP4)
NA 11,897
(canagliflozin) (DPP4)
6,143 5,610
(linagliptin) (sulfonylureas)
6,375 5,610
(sitagliptin)  (sulfonylureas)
NA 5,610
(saxagliptin)  (sulfonylureas)
6,143 5,610
(linagliptin) (glimepiride)

AUSOM
Target Comparator
NA 6,717
(liraglutide) (DPP-4)
1,190 6,717
(dapagliflozin) (DPP4)
1,016 6,717
(empaglifiozin) (DPP4)
NA 6,717
(canagliflozin) (DPP4)
2,931 5,818
(linagliptin) (sulfonylureas)
3,919 5,818
(sitagliptin)  (sulfonylureas)
1,063 5,818
(saxagliptin)  (sulfonylureas)
2,931 5,766
(linagliptin) (glimepiride)
>0.3

>0.1

Eligibility criteria /
Indication only

YUHS AUSOM

NA/ NA/
0.107 0.104
0.103/ 0.112/
0.203 0.150
0.408/ 0.438/
0.313 0.323

NA/ NA/
0.150 0.150
0.073/ 0.010/
0.035 0.008
0.02/ 0.036/
0.017 0.051

NA/ 0.331/
0.301 0.291
0.057/ 0.046 /
0.061 0.046

<=0.1 26



Replication results:
With eligibility criteria / indication only cohort

* Replicated drugs: antiplatelets, NOACs, tofacitinib

Eligibility criteria /

With eligibility criteria Indication only Indication only
YUHS AUSOM YUHS AUSOM YUHS AUSOM
Pivotal trial Target Comparator Target Comparator Target Comparator Target Comparator
NA 485 28 654 NA 5,972 245 4,495 0.114/
UIRICORSTILATEE (prasugrel) (clopidogrel) (prasugrel) (clopidogrel) (prasugrel) (clopidogrel) (prasugrel) (clopidogrel) e 0.145
PLATO 1,252 4,345 693 3,295 1,587 5,972 871 4,495 0.789/ 0.796 /
(ticagrelor) (clopidogrel) (ticagrelor) (clopidogrel) (ticagrelor) (clopidogrel) (ticagrelor) (clopidogrel) 0.728 0.733
ROCKET AF 820 891 265 210 4,569 3,461 812 1,032 0.179/ 0.326 /
(rivaroxaban) (warfarin) (rivaroxaban) (warfarin) (rivaroxaban) (warfarin) (rivaroxaban) (warfarin) 0.257 0.203
ARISTOTLE 2,452 1,721 159 441 3,272 3,461 419 1,032 0.749/ 0.379/
(apixaban) (warfarin) (apixaban) (warfarin) (apixaban) (warfarin) (apixaban) (warfarin) 0.497 0.427
316 145 116 47 2,693 3,461 985 1,032 0.117/ 0.118/
SlenEizratslilial (edoxaban) (warfarin) (edoxaban) (warfarin) (edoxaban) (warfarin) (edoxaban) (warfarin) 0.042 0.046
NA NA NA NA NA NA NA NA
ORAL (tofacitinib) (TNFi) (tofacitinib) (TNFi) (tofacitinib) (TNFi) (tofacitinib) (TNFi) NA NA
NA NA NA NA NA NA NA NA
Sl (tofacitinib) (TNFi) (tofacitinib) (TNFi) (tofacitinib) (TNFi) (tofacitinib) (TNFi) NA NA

-
NA means that the use of the drug could not be observed in the database or was not sufficient >0.3 >0.1 <=0.1



Characteristic
Median age — yr
Age 275 yr — no./total no. (%)
Female sex — no./total no. (%)
Median body weight — kg (range)
Body weight <60 kg — no./total no. (%)
BMI — median (range)
Race — no./total no. (%)
White
Black
Asian
Other

Cardiovascular risk factor — no./total no. (%)

Habitual smoker
Hypertension
Dyslipidemia

Diabetes mellitus

e
Characteristics that are difficult to observe in the observational health care database were excluded

Difference in baseline characteristics:
Enrolled in the PLATO vs Indication only vs eligibility criteria

RCT
Ticagrelor Clopidogrel
(n=9,333) (n=9,291)
62.0 62.0
1,396/9,333 (15.0) 1,482/9,291 (16.0)
2,655/9,333 (28.4) 2,633/9,291 (28.3)

80.0 (28-174)
652/9,333 (7.0)
27 (13-68)

8,566/9,332 (91.8)
115/9332 (1.2)
542/9332 (5.8)
109/9332 (1.2)

3,360/9,333 (36.0)
6,139/9,333 (65.8)
4,347/9,333 (46.6)
2,326/9,333 (24.9)

80.0 (29-180)
660/9,291 (7.1)
27 (13-70)

8,511/9,291 (91.6)
114/9291 (1.2)
554/9291 (6.0)
112/9291 (1.2)

3,318/9,291 (35.7)
6,044/9,291 (65.1)
4,342/9,291 (46.7)

(
(
(
2,336/9,291 (25.1)

Pooled
(n=18,264)

62.0

2878 (15.5)

5288 (28.4)
80

1312 (7.0)
27

17,077 (91.7)
229 (1.2)
1,094 (5.9)
221 (1.2)

6678 (35.9)
12183 (65.4)
8689 (46.7)
4662 (25.0)

With eligibility criteria

n=4,971
68.0
1407 (28.3)
1982 (39.9)
65.7
1158 (23.3)
24.36

0 (0)
0 (0)
4,892 (98.4)
79 (1.6)

NA
2459 (49.5)
2234 (44.9)
575 (11.6)

ARCT
0.129
0.115

0.163

-0.917
-0.012
0.925
0.004

NA
-0.159
-0.017
-0.135

RWE

Indication only

n=6,747 ARCT
67.0 -
1,841 (27.3) 0.118
2,672 (39.6) 0.112
65.4 -
1,610 (23.9) 0.168
24.31 -
0 (0) -0.917
0 (0) -0.012
6,644 (98.5) 0.926
103 (1.6) 0.004
NA NA
3,342 (49.5) -0.159
2,925 (43.4) -0.033
809 (12.0) -0.130
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Difference in baseline characteristics:
Enrolled in the PLATO vs Indication only vs eligibility criteria

e
Characteristics that are difficult to observe in the observational health care database were excluded

RCT RWE
With eligibility criteria Indication only
Ticagrelor Clopidogrel Pooled
Characteristic (n=9,333) (n=9,291) (n=18,264) n=4,971 ARCT n=6,747 ARCT
Other medical history — no./total no. (%)
MI 1,900/9,333 (20.4) 1,924/9,291 (20.7) 3,824 (20.5) 1,463 (29.4) 0.089 1,790 (26.5) 0.060
Percutaneous coronary intervention 1,272/9,333 (13.6) 1,220/9,291 (13.1) 2,492 (13.4) 407 (8.2) -0.052 512 (7.6) -0.058
Coronary-artery bypass grafting 532/9,333 (5.7) 574/9,291 (6.2) 1,106 (5.9) 35 (0.7) -0.052 70 (1.0) -0.049
Congestive heart failure 513/9,333 (5.5) 537/9,291 (5.8) 1,050 (5.6) 20 (0.4) -0.052 46 (0.7) -0.050
Nonhemorrhagic stroke 353/9,333 (3.8) 369/9,291 (4.0) 722 (3.9) 68 (1.4) -0.025 106 (1.6) -0.023
Peripheral arterial disease 566/9,333 (6.1) 578/9,291 (6.2) 1,144 (6.1) 194 (3.9) -0.022 297 (4.4) -0.017
Chronic renal disease 379/9,333 (4.1) 406/9,291 (4.4) 785 (4.2) 309 (6.2) 0.020 539 (8.0) 0.038
History of dyspnea 1,412/9,333 (15.1) 1,358/9,291 (14.6) 2,770 (14.9) 40 (0.8) -0.141 74 (1.1) -0.138
Chronic obstructive pulmonary disease 555/9,333 (5.9) 530/9,291 (5.7) 1,085 (5.8) 95 (1.9) -0.039 142 (2.1) -0.037
Asthma 267/9,333 (2.9) 265/9,291 (2.9) 532 (2.9) 136 (2.7) -0.001 199 (2.9) 0.001
Gout 272/9,333 (2.9) 262/9,291 (2.8) 534 (2.9) 64 (1.3) -0.016 124 (1.8) -0.010
Final diagnosis of ACS — no./total no. (%)
ST-elevation Ml 3,496 3,530 7,026 (37.3) 1,129 (22.7) -0.150 1,390 (20.6) -0.171
Non-ST-elevation Ml 4,005 3,950 7,955 (42.7) 1,404 (28.2) -0.145 1,850 (27.4) -0.153
Unstable angina 1,549 1,563 3,112 (16.7) 2,676 (53.8) 0.371 3,797 (56.3) 0.396

Wallentin et al., NEJM, 2009
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With Eligibility Criteria

Difference in baseline characteristics:
Enrolled in Indication only vs eligibility criteria cohorts

 NOACs (target) vs Warfarin (comparator)
ARISTOTLE (apixaban) ENGAGE AF-TIMI48 (edoxaban) ROCKET-AF (rivaroxaban)

1.0 - 1.0 1.0
]
. ol
. @ . Hypertension
. Age_>= 75yr . .
e - @ e o
0.8 0.8 0.8 y
a © IADS2 sSore <= 3 ®
= IQ‘H/—\DSZ score <= 3 = P
Q ‘ Q P
= = ‘
, S Fen&a\e sex - 6 .
o o o ,
,’ > > g
= = .
| B = = 2
0.5 Ry 505 505 o
@ =) =) R R A
o ,0® Ll___l Thienop,ridine ﬁ (,H\Dgg score 2 o
= . = @
o Congestive heart failure P
. g CHADS2 score 4-8" ; CHADZ2 score 3
0.2 . 02 0e® 0.2 — @
PY 4 ..' Congestive-heart failure
." ® . ®t10ke, systemic embolism, or TIA
// ’,’ o ) //
, ". ,'
00 . 0.0 .~ 0.0 .
0.0 0.2 0.5 0.8 1.0 0.0 0.2 0.5 0.8 1.0 0.0 0.2 0.5 0.8
Indication Only Indication Only Indication Only

1.0
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Difference in baseline characteristics:
Enrolled in Indication only vs eligibility criteria cohorts

e SGLT2is (target) vs DPP-4 inhibitors (comparator)

DECLARE-TIMI 58 (dapagliflozin) EMPA-REG OUTCOME (empagliflozin)

1.0 1.0 .
Pt ,®
/. Anti -hypertensive %erapy -no. (%) ,-”
ACE inhigitor or ARB o o .
ACEior ARBs ’

0.8 0.8
@ o © N
— —
[0 R o) X
= 4 =
— —
©] o o Cal f mael blockers.
= 4 2 R &
= ‘ = nti -coagulants < no. (%)
=05 =05 Soagulants
ke)) k) Renin mh‘bn rs ¢
w w .
£ o = .o
=1 (Y ./ o— I’
S S e

0.2 o . o 0.2 0o

- e’
'Y Insulin P
L , ®
4 Urine albumin-to-creatin&we ratio <30 mg/g — no. (%)
0.0 #°° 00 # o
7 . Urine albumin-to-creatinine ratio >300mg/g — no. (%)
0.0 0.2 0.5 0.8 1.0 0.0 0.2 0.5 0.8 1.0
Indication Only Indication Only
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(/ Difference in baseline characteristics:
/ Enrolled in Indication only vs eligibility criteria cohorts

 DPP-4 inhibitors (target) vs Sulfonylureas or Glimepiride (comparator)

CARMELINA (linagliptin) CAROLINA (linagliptin) TECOS (sitagliptin)

1.0 1.0 1.0
21 Am\hypertems\'v.e medication Ngy'(‘i,)

History of hypertension

Metfi . X
vietrormin
R4 Prior cardiovasgular disease ,,‘
08 ACE mh\b\tor.s or A.RBs /,/ 0.8 £ 0.8 Irssu\in S.tatin ,/,’
Statin .’ Sex female, 5% e
. { o @ .’ .
© P ® Age >2 70 3 ACE inhibitgr or ARB
@ Calcium antagonists . . o i Se‘ male o inhi \t%ror .
Q Lalciumgntagonists . wetformin Q2 o9’ 2 e,
6 ASPIEY 1 Glucgsé-lowering medication, No. (%) 6 Jioi ('3 Aspign ’
- o . .
_-é‘ Digretics , .é‘ heo .é‘ Diuretic Calcium chahnel blocker
= ¢} -blockers ,* = =
lo) 0.5 Ischemic heart djsease et b\ockersl,s ¢ | Qo 0.5 ./. Q 0.5 Beta.b\oc er
O No. (%)c 30-300 Sex female O . e ]
2 eGFR (MD%D) <60 No- (%)e ,g 3 2 ,® 2 Other antiplatelet o
L R Sulfonylurea L o w F&m‘a]e sex
o 7
= No. (%)c > 300 £ v £ /
; ; © s ; Prior Pgﬁpheral arterial dfsease
02 ," 02 e .D uretics 02 Priorcerebrovascul/ar’disease
L M\crovascu\m,(flseaie—any‘ L
eGFIi(I\‘DRD) >= 30 to <45 g ® ®\Myocardjal infarction
L R ) .
% No. @e)c <30 ® o
4 ;. 0@ ".
Pt e ¢
: &. e
0.0 00 e 00
0.0 0.2 0.5 0.8 1.0 0.0 0.2 0.5 0.8 1.0 0.0 0.2 0.5 0.8 1.0
Indication Only Indication Only Indication Only
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2 7

« The results from clinical trials do not guarantee external validity in contemporary
routine clinical practice

* Qur results reveal clinical differences between the population enrolled in RCT and
the population replicated from an observational database

« These findings emphasize once again the need for examining evidence using real-
world data to generalize the evidence from RCT

Conclusion

Between measurements based on RCTs and benefit... in the community there is a gulf which has been much
under-estimated

A L Cocharne, 1971

At its best a trial shows what can be accomplished with a medicine under careful observation and certain
restricted conditions. The same results will not invariably or necessarily be observed when the medicine passes
into general use

Austin Bradford Hill, 1984
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