
U.S. Food and Drug Administration Webinar 
on the RCT-DUPLICATE Initiative: 

Emulating Randomized Clinical Trials with Non-Randomized 
Real-World Data Studies

April 29, 2026

healthpolicy.duke.edu

healthpolicy.duke.edu

http://www.healthpolicy.duke.edu/


Welcome and Introduction

Marie Bradley, U.S. Food and Drug Administration 



Statement of  Independence

The Robert J. Margolis, MD, Institute for Health Policy is part of Duke University, and as such it 
honors the tradition of academic independence on the part of its faculty and scholars. Neither 
Duke nor the Margolis Institute take partisan positions, but the individual members are free to 
speak their minds and express their opinions regarding important issues.

For more details on relevant institutional policies, please refer to the Duke Faculty Handbook, 
including the Code of Conduct and other policies and procedures. In addition, regarding 
positions on legislation and advocacy, Duke University policies are available 
at http://publicaffairs.duke.edu/government.

This event is supported by the Food and Drug Administration (FDA) of the U.S. Department of 
Health and Human Services (HHS) as part of a financial assistance award U01FD008451 
totaling $1,399,999 with 100 percent funded by FDA/HHS. The contents are those of the 
author(s) and do not necessarily represent the official views of, nor an endorsement, by 
FDA/HHS, or the U.S. Government.

https://provost.duke.edu/faculty-resources/faculty-handbook/
https://provost.duke.edu/faculty-resources/faculty-handbook/
https://oarc.duke.edu/sites/default/files/documents/2015_Code%20of%20Conduct_statement%20of%20ethical%20principles_Final.pdf
https://oarc.duke.edu/policies
http://publicaffairs.duke.edu/government


Presentation on the RCT-Duplicate 
Initiative
Shirley Wang, Brigham and Women’s Hospital and Harvard Medical School

Sebastian Schneeweiss, Brigham and Women’s Hospital and Harvard Medical 

School 



RCT-DUPLICATE:
Learning, proof-of-concept, putting it into practice

Shirley V Wang PhD & Sebastian Schneeweiss MD ScD

Division of Pharmacoepidemiology and Pharmacoeconomics

Department of Medicine, Brigham and Women’s Hospital, 

Harvard Medical School, Boston
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Disclosures

• This talk reflects the views of the author and should not be construed to represent FDA’s views or 
policies.

• RCT-DUPLICATE was funded by FDA (HHSF223201710186C, HHSF223201810146C, 
75F40122C00154) and NIH (R01HL141505)

• SVW has been an ad hoc consultant for:

• Contract research organizations (ICA Group, Cytel Inc)

• MITRE Corporation, a federally funded research and development center (FFRDC) for the Centers for 
Medicare and Medicaid

• SS has been an ad hoc consultant for Aetion Inc., a Datavant company

• SS is the principal investigator of research contracts to the Brigham and Women’s Hospital from 
Amgen, UCB, and AbbVie
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When and how can real-world evidence (RWE) 

be used to inform regulatory decision-making?
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Learning 
(20 minutes)

Proof-of-concept 
(10 minutes)

Putting into practice 
(15 minutes)

Outline

Emulation of 30+ completed trials

Prediction of 7 ongoing trials

Benchmark, expand, calibrate
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Learning 
(20 minutes)

Proof-of-concept 
(10 minutes)

Putting into practice 
(15 minutes)

Outline

Emulation of 30+ completed trials
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Motivation Learning 
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A Demonstration Project 

Franklin, Pawar, Martin, Glynn, Levenson, Temple, Schneeweiss. CPT 2020

Emulate 30 RCTs 
considered by FDA

Learnings:
Had there been a similarly 
designed RWE study instead of 
an RCT would we have come to 
the same decision?

1

Learnings:
How to conduct transparent, 
reproducible RWE studies?

2
Test a process with 
FDA to evaluate 
RWE studies

Learnings:
Identify factors that 
predictably increase validity of 
RWE studies. 

3
Factors that predict 
replication success, 
causal estimates

AETION

Family of studies aimed to understand/improve the validity of RWE studies for decision making

Learning 
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• Substantial literature. 

• Compare database study result to reference RCT result

• Formal pre-specified criteria 

Benchmarking

…to assess the potential impact of design 

differences, bias, clinical context, …

Informal post-hoc deep dive 

Learning 

Franklin, Pawar, Martin, Glynn, Levenson, Temple, Schneeweiss. CPT 2020

Dahabreh IJ, Matthews A, Steingrimsson JA, Scharfstein DO, Stuart EA. Epidemiologic reviews. 2023

Dahabreh IJ, Robins JM, Hernan MA. Epidemiology. 202012



Binary Agreement Metrics

Statistical Significance Agreement* (SS)

Estimate Agreement (EA)

Standardized Difference Agreement (SD)

1.0

Database study

RCT * Partial agreement if non-inferiority criterion met

Learning 
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Target Trial Emulation vs Reference Trial Emulation

(hypothetical) (actual)

14
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Emulation Process

Design:

• Active Comparator New User (ACNU)

Data sources:

• Optum Clinformatics

• MarketScan

• Medicare

Software:

• Aetion Platform

• R

• SAS

• STATA

RCT RWE

Exposure

Comparator

Eligibility Criteria

1

2

3

Outcome

Follow up start (index)

Follow up end

Causal contrast

Statistical Analysis

Learning 

Closely emulated Poorly emulated15



Emulation Process

Design:

• Active Comparator New User (ACNU)

Data sources:

• Optum Clinformatics

• MarketScan

• Medicare

• FlatIron

• Ontada/McKesson

• Concert AI

• COTA

Software:

• Aetion Platform

• R

• SAS

• STATA
16



Emulation Process

Design:

• Active Comparator New User (ACNU)

Data sources:

• Optum Clinformatics

• MarketScan

• Medicare

Software:

• Aetion Platform

• R

• SAS

• STATA

Participant flow

Table 1

PS distribution

Power                       

Data checks done without 

looking at outcomes stratified 

by exposure!
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30+ trials in RCT-DUPLICATE sample

18

Learning 

cancer



Bias vs Design Emulation Differences
Expected to shift the target question for RWE study vs RCT?

a) Start of follow up in hospital (hospital Rx data not available in claims, but may be 

available in linked data)

b) Run-in that selects responders to one treatment arm

c) Mixing effect of randomization and discontinuation of baseline maintenance therapy

d) Delayed effect over long follow up

e) Differences in population distribution coupled with effect modification

f) Inadequate emulation of the exposure or outcome

Few design emulation differences = None of { a, b, c, d } AND comparator and 

outcome emulation are at least moderate, with >1 classified as good 

More design emulation differences = a OR b OR c OR d OR poor comparator 

emulation OR neither comparator and outcome emulation are classified as good 

Learning 

19



Learning 

RCT emulation (lnHR, 95% CI)

R
C

T
 (

ln
H

R
, 
9

5
%

 C
I)

All trials r = 0.80 (0.63-0.90) 

Closely emulated trials r = 0.94 (0.80-0.98) 

Wang SV, Schneeweiss S, et al. JAMA 2023

Fewer design emulation differences 

(n=16)

More design emulation differences 

(n=16)

20



Top Emulation Challenges

Run-in with selective d/c
(“take-away-what-works” trial)

Randomization

Discontinued 

ICS therapy

38% on triple therapy 

during baseline!

D’Andrea, Schneeweiss, et al. Arth & Rheum 2025 Suissa, Schneeweiss, et al. AJE 2025

Learning 

21

Poor adherence in clinical practice 
(time-varying treatment effects)

HORIZON-PIVOTAL

RCT-DUPLICATE

Treatment starts in hospital 
(time 0, incomplete exposure measurement

in claims, conditional survival)

Heyard, Held, Schneeweiss, Wang. BMJ Med 2025

TRITON-TIMI After 3 days

TRITON-TIMI 1st 3 days



Trial name RCT result RWE results

PARADIGM-HF 0.80 (0.73, 0.87) 1.02 (0.91, 1.14)

Top Emulation Challenges

Poor placebo proxy comparator 
(inadequate measures for SES in 

comparisons of expensive new drug vs cheap 

old drug)

Wang SV, Schneeweiss S, et al. JAMA 2023

Trial name RCT result RWE results

SAVOR-TIMI 1.00 (0.89, 1.12) 0.81 (0.76, 0.86)

Wang SV, Schneeweiss S, et al. JAMA 2023

Outcome emulation 
(measurement differences)

Learning 

22

Data quality
(not fit-for-purpose for this particular question)

Primary 

Analysis

Sensitivity 

Analysis

FLAURA (reference RCT*)

HR 95% CI 0.80 (0.64, 1.00)

Passed quality/feasibility checks

Too small, residual imbalance

Immortal time for initiators before 2018

Did not pass quality/feasibility checks



Trial name RCT result RWE results

PARADIGM-HF 0.80 (0.73, 0.87) 1.02 (0.91, 1.14)

Top Emulation Challenges

Poor placebo proxy comparator 
(inadequate measures for SES in 

comparisons of expensive new drug vs cheap 

old drug)

Wang SV, Schneeweiss S, et al. JAMA 2023

Trial name RCT result RWE results

SAVOR-TIMI 1.00 (0.89, 1.12) 0.81 (0.76, 0.86)

Wang SV, Schneeweiss S, et al. JAMA 2023

Outcome emulation 
(measurement differences)

Learning 

23

Data quality
(not fit-for-purpose for this particular question)

Primary 

Analysis

Sensitivity 

Analysis

FLAURA (reference RCT*)

HR 95% CI 0.80 (0.64, 1.00)

HR 95% CI 0.78 (0.71, 0.85)

HR 95% CI 0.97 (0.51, 1.85)

HR 95% CI 2.93 (2.11, 4.07)



Trial name RCT result RWE results

EINSTEIN-PE 1.12 (0.75, 1.68) 0.67 (0.55, 0.80)

Top Emulation Challenges

Wang SV, Schneeweiss S, et al. JAMA 2023

Chance?
(RCT-RCT concordance)

EINSTEIN-PE

EINSTEIN-DVT

Learning 

24



Take-home points

1. Evaluation of the replicability of RCT with RWE requires nuance
• Residual bias, random error

• Efficacy vs effectiveness

• Single trial as reference standard

If you ask different questions, you may get different answers

• What question do you want to answer?

With appropriate guard rails, RWE can provide timely, 

complementary insights to RCTs

25



Learning 

(20 minutes)

Proof-of-concept 

(10 minutes)

Putting into practice 

(15 minutes)

Outline

Prediction of 7 ongoing trials

26



Prediction of 7 ongoing Phase IV trials

Trial name RCT RWE¹ Std. Diff. Agreement4 Close

Adjusted Unadjusted emulation?5

CAROLINA 0.98 (0.84, 1.14) 0.91 (0.79, 1.05) 0.92 (0.83-1.01) 0.7 SS EA SD Y

GRADE 0.79 (0.72, 0.88) 1.01 (0.87, 1.17) 0.97 (0.85, 1.10) -2.6 SS EA SD N 

SEPRA 1.16 (0.89, 1.51) 1.30 (1.16, 1.44) 1.49 (1.39, 1.61) -0.8 SS EA SD Y

SOUL 0.86 (0.77, 0.96) 0.85 (0.73, 1.00) 0.54 (0.47, 0.61) 0.1 SS EA SD Y

PRONOUNCE 1.28 (0.59, 2.79) 1.35 (0.94, 1.93) 1.70 (1.30, 2.21) -0.1 SS EA SD Y

COBRRA-AF Ongoing 0.69 (0.66, 0.71) 0.75 (0.72, 0.77) Ongoing Ongoing Y

COBRRA-VTE3 0.44 (0.31, 0.63) 0.67 (0.58, 0.78) 0.79 (0.70, 0.90) -2.1 SS EA SD Y

Prostate cancer

Diabetes

1) Pooled estimate across databases

2) The trial’s risk ratio is calculated based on the numbers in the interim results

3) The trial’s result is an odds ratio and compared to the RWE study hazard ratio

4) Green = binary agreement metric met, red = binary agreement metric not met

SS = statistical significance agreement (pt est and CI on same side of null)

EA = estimate agreement (RWE estimate in CI of RCT)

SD = std diff agreement (≤2)

5) Close emulation refers to trials where there were few emulation challenges

DOAC

2

Proof-of-

concept 
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Trial name RCT result RWE results

SEPRA 1.16 (0.89, 1.51) 1.30 (1.16, 1.44)

Trial name RCT result RWE results

GRADE 0.79 (0.72, 0.88) 1.01 (0.87, 1.17)

Patorno E, Schneeweiss S, et al. Diabetes Care 2019

Trial name RCT result RWE results

CAROLINA 0.98 (0.84, 1.14) 0.91 (0.79, 1.05)

Proof-of-

concept 

Avg. Dose Change in hbA1c

2.5 mg

3.7 mg

0.5%

0.9%

CAROLINA
Poor placebo proxy comparator? 
(inadequate measures for SES in 

comparisons of expensive new drug vs cheap 

old drug)

Key points

Kattinakere Sreedhara et al., under review

GRADE
Outcome emulation, dose titration, SGLT2i 
(measurement, clinical practice differences)

GRADE

RCT-DUPLICATE

Kattinakere Sreedhara et al., under review

SEPRA
Changes to RCT
(low enrollment, multiple amendments)

RR

OR

RCT-DUPLICATE

SEPRA

RCT-DUPLICATE

SEPRA

28

SS = statistical significance

EA = estimate agreement

SD = st. diff. agreement



Trial name RCT result RWE results

COBRRA AF ? 0.69 (0.66, 0.71)

COBRRA VTE 0.46 (0.33, 0.65) 0.67 (0.58, 0.78)

Merola, et al. JNCI Cancer Spectr. 2022 Mahesri M, Schneeweiss S, et al., under review

Proof-of-

concept 

SOULPRONOUNCE
RCT terminated prematurely 
(low enrollment, lack of evidence of effect)

Trial name RCT result RWE results

PRONOUNCE 1.28 (0.59, 2.79) 1.35 (0.94, 1.93)

Key points

PRONOUNCE

RCT-DUPLICATE

COBRRA VTE + COBRRA AF
RCT completion date extended for years
(low enrollment)

29

SS = statistical significance

EA = estimate agreement

SD = st. diff. agreement

COBRRA AF

RCT-DUPLICATE

COBRRA VTE

RCT-DUPLICATE

? 



• Support conclusions from RCT-DUPLICATE Part 1

• Concordance/discordance between RCT-RWE requires 

systematic and nuanced evaluation

• If you ask different questions, you may get different answers

What question do you want to answer?

RWE can provide timely, complementary insights

Summary take home points from 

predicting ongoing trial results

Proof-of-

concept 

30



Learning 

(20 minutes)

Proof-of-concept 

(10 minutes)

Putting into practice 

(15 minutes)

Outline

Benchmark, expand, calibrate
(sensitivity analysis)

31



Benchmarking against reference trials…

1. Is a humbling experience

2. Teaches a lot about: 

• data and designing better studies on treatment effects

• limitations, what you can and cannot study w/ RWD

3. Encourages deeper thinking, self-critical assessment approach

In practice…how to use it?

• Don’t need to re-generate evidence that is already provided by trials.

• Benchmarking to evaluate fitness of data, design, and analytics infrastructure 

→ expanded question (new population, comparator, end point)

→ calibration sensitivity analyses

32 Wang SV, et al., CPT 2025



Use Case - Expanding Indications

How can the process of gradual 

knowledge expansion be 

accelerated by adding non-

randomized study findings to 

complement RCTs? 

Is it always necessary to 

experiment on patients to 

generate sufficient evidence on 

the (often minimally) expanded 

indications of new drugs? 

Putting into 

practice

33



Consecutively Expanding Indications

SGLT2i

GLP-1

# Indications

1. Type 2 diabetes

2. Heart failure

3. Chronic kidney disease

4. …

# Indications

1. Type 2 diabetes

2. Obesity

3. Cardiovascular disease

4. …

DOAC

# Indications

1. Atrial fibrillation

2. Post-operative prevention of VTE

3. Prevention of recurrent VTE

4. Prevention of atherothrombotic

5. …

Putting into 

practice
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Consecutively Expanding Indications

SGLT2i

GLP-1

# Indications

1. Type 2 diabetes

2. Heart failure

3. Chronic kidney disease

4. …

# Indications

1. Type 2 diabetes

2. Obesity

3. Cardiovascular disease

4. …

DOAC

# Indications

1. Atrial fibrillation

2. Post-operative prevention of VTE

3. Prevention of recurrent VTE

4. Prevention of atherothrombotic

5. …

Putting into 

practice

Dozens of RCTS over 15+ years to understand effects 

across multiple indications and in patient subgroups 
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Consecutively Expanding Indications

SGLT2i

GLP-1

# Indications

1. Type 2 diabetes

2. Heart failure

3. Chronic kidney disease

4. …

# Indications

1. Type 2 diabetes

2. Obesity

3. Cardiovascular disease

4. …

DOAC

# Indications

1. Atrial fibrillation

2. Post-operative prevention of VTE

3. Prevention of recurrent VTE

4. Prevention of atherothrombotic

5. …

Putting into 

practice

Dual agonists
GLP-1/GIP

# Indications

1. Type 2 diabetes

2. Obesity

3. Heart failure?

4. Non-Alcoholic Fatty Liver Disease?

5. …

Factor XI # Indications

1. ? …

36



• Benchmark

• Expand

• Calibrate

Expanding Indications
Benchmark, Expand, Calibrate (BenchExCal)

Learn - gain confidence in data, design

Ask target question of interest

Assess robustness

(sensitivity analyses)

Putting into 

practice
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Expanding Indications
Benchmark, Expand, Calibrate (BenchExCal)

Initial indication

RCT1 RWE1

RCT-based 

approach

RWE-based 

approach

Benchmark

Steps

1. Benchmark:

• Emulate completed RCT1 to evaluate the concordance of 

the RCT-database study pair

• Tweak parameters as needed to reduce bias in design, 

data, measurement, analytics set up

Putting into 

practice

Θ1 Θ*
1 = Θ1 + ξ1
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Expanding Indications
Benchmark, Expand, Calibrate (BenchExCal)

RCT1 RWE1

RCT-based 

approach

RWE-based 

approach

Steps

1. Benchmark:

• Emulate completed RCT1 to evaluate the concordance of 

the RCT-database study pair

• Tweak parameters as needed to reduce bias in design, 

data, measurement, analytics set up

Pause if you do not have 

confidence in the adequacy 

of the design/data set-up.

Consider reasons for 

divergence.

Putting into 

practice

Θ*
1 = Θ1 + ξ1

Benchmark

Initial indication

Θ1
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Expanding Indications
Benchmark, Expand, Calibrate (BenchExCal)

RCT1 RWE1

RCT-based 

approach

RWE-based 

approach

Steps

1. Benchmark:

• Emulate completed RCT1 to evaluate the concordance of 

the RCT-database study pair

• Tweak parameters as needed to reduce bias in design, 

data, measurement, analytics set up

Proceed if you do have 

confidence in the adequacy 

of the design/data set-up

Putting into 

practice

Θ*
1 = Θ1 + ξ1

Benchmark

Initial indication

Θ1
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Expanding Indications
Benchmark, Expand, Calibrate (BenchExCal)

RCT1 RWE1

RCT-based 

approach

RWE-based 

approach

Steps

1. Benchmark:

• Emulate completed RCT1 to evaluate the concordance of 

the RCT-database study pair

• Tweak parameters as needed to reduce bias in design, 

data, measurement, analytics set up

• Select priors for net divergence based on result from 

RCT-database study pair benchmarking

Putting into 

practice

Θ*
1 = Θ1 + ξ1

Benchmark

Initial indication

Θ1
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Expanding Indications
Benchmark, Expand, Calibrate (BenchExCal)

RCT1 RWE1

RCT-based 

approach

RWE-based 

approach

Steps

1. Benchmark:

• Emulate completed RCT1 to evaluate the concordance of 

the RCT-database study pair

• Tweak parameters as needed to reduce bias in design, 

data, measurement, analytics set up

• Select priors for net divergence based on result from 

RCT-database study pair benchmarking

What is net divergence?

Net effect of systematic differences between RCT and database study designed to emulate it, incl.

• Biases within the database study

• Design emulation differences 

• Participation and design (e.g. adherence, run-in)

• Measurement

Putting into 

practice

Θ*
1 = Θ1 + ξ1

ξ1

Benchmark

Initial indication

Θ1
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Expanding Indications
Benchmark, Expand, Calibrate (BenchExCal)

RCT1

RCT2

Supplemental 

indication

RWE1

RCT-based 

approach

RWE-based 

approach

Steps

1. Benchmark:

• Emulate completed RCT1 to evaluate the concordance of 

the RCT-database study pair

• Tweak parameters as needed to reduce bias in design, 

data, measurement, analytics set up

• Select priors for net divergence based on result from 

RCT-database study pair benchmarking

2. Expand:

• Use design, data, measurement, analytics set up from 

initial benchmarking to emulate hypothetical RCT2

Putting into 

practice

Θ*
1 = Θ1 + ξ1

Θ2

Benchmark

Expand

Not Observed!

Initial indication

Θ1
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RCT2

Supplemental 

indication

Θ2

Expand

Expanding Indications
Benchmark, Expand, Calibrate (BenchExCal)

RCT1 RWE1

RCT-based 

approach

RWE-based 

approach

Steps

1. Benchmark:

• Emulate completed RCT1 to evaluate the concordance of 

the RCT-database study pair

• Tweak parameters as needed to reduce bias in design, 

data, measurement, analytics set up

• Select priors for net divergence based on result from 

RCT-database study pair benchmarking

2. Expand:

• Use design, data, measurement, analytics set up from 

initial benchmarking to emulate hypothetical RCT2

Putting into 

practice

Θ*
1 = Θ1 + ξ1

Benchmark

RWE2

Initial indication

Θ1

Θ*
2 = Θ2 + ξ2

Not Observed!
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Expanding Indications
Benchmark, Expand, Calibrate (BenchExCal)

RCT1

Supplemental 

indication

RWE1

RCT-based 

approach

RWE-based 

approach

Steps

1. Benchmark:

• Emulate completed RCT1 to evaluate the concordance of 

the RCT-database study pair

• Tweak parameters as needed to reduce bias in design, 

data, measurement, analytics set up

• Select priors for net divergence based on result from 

RCT-database study pair benchmarking

2. Expand:

• Use design, data, measurement, analytics set up from 

initial benchmarking to emulate hypothetical RCT2

3. Calibrate:

• Use priors from initial benchmarking in net divergence 

correction sensitivity analysis

• Evaluate effectiveness claims from RWE2 with 

robustness analyses

Putting into 

practice

Θ*
1 = Θ1 + ξ1

Benchmark

Expand

Calibrate

Θ*
2 = Θ2 + ξ2

RCT2

Θ2

Initial indication

Θ1

RWE2

45



Expanding Indications
Benchmark, Expand, Calibrate (BenchExCal)

Expand

≈

Untestable assumption!

Putting into 

practice

ξ1-scaled ξ2-scaled

Benchmark

Calibrate

* ξ1 is scaled by the pooled RCT-RWE standard error and adjusted for the ratio of standard error for RWEbenchmark and RWEexpand prior to calibration

ξ1-scaled = 
ξ1

𝑣𝑎𝑟 𝑅𝐶𝑇1 +𝑣𝑎𝑟(𝑅𝑊𝐸1)
; ξ2-scaled = ξ1-scaled

𝑣𝑎𝑟 𝑅𝑊𝐸2

𝑣𝑎𝑟 𝑅𝑊𝐸1
46



• Empirical evaluation

• 5 pairs of 1st / 2nd stage studies

• Simulation study

Expanding Indications
Benchmark, Expand, Calibrate (BenchExCal)

Putting into 

practice

47



Expanding Indications
Benchmark, Expand, Calibrate (BenchExCal)

Benchmark

RECORD1
Comparison: Rivaroxaban vs enoxaparin

Outcome: VTE

Population: Hip replacement

Expand

RECORD3
Comparison: Rivaroxaban vs enoxaparin

Outcome: VTE

Population: Knee replacement

Change in surgical site – relatively small leap in population.

VTE = venous thromboembolism

Putting into 

practice
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Expanding Indications
Benchmark, Expand, Calibrate (BenchExCal)

Benchmark

RECORD1/3
Comparison: Rivaroxaban vs enoxaparin

Outcome: VTE

Population: Hip/knee replacement

Expand

EINSTEIN-DVT
Comparison: Rivaroxaban vs warfarin

Outcome: VTE

Population: Prior VTE

Bigger change in population and comparator.

Stronger assumption given changes in clinical setting and risk factors.

VTE = venous thromboembolism

Putting into 

practice

49



Expanding Indications
Benchmark, Expand, Calibrate (BenchExCal)

Benchmark

EMPEROR-preserved
Comparison: Empagliflozin vs placebo

Outcome: HHF

Population: Patients with heart failure 

(preserved ejection fraction)

Expand

EMPEROR-reduced
Comparison: Empagliflozin vs placebo

Outcome: HHF

Population: Patients with heart failure 

(reduced ejection fraction)

HHF = hospitalization for heart failure

Different confounding structure in patients with preserved vs reduced EF?

Classification of preserved vs reduced in claims data?

Active comparator placebo proxy (sitagliptin) requires focus on subgroup with diabetes.

Putting into 

practice
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Expanding Indications
Benchmark, Expand, Calibrate (BenchExCal)

Benchmark

SUSTAIN6 (non-inferiority)
Comparison: Injectable semaglutide vs placebo

Outcome: MACE

Population: Type II diabetes + ↑ CVD risk

Expand

PIONEER6 (non-inferiority)
Comparison: Oral semaglutide vs placebo

Outcome: MACE

Population: Type II diabetes + ↑ CVD risk

Change in route of administration

Active comparator proxy for placebo requires oral drug comparator (sitagliptin)

Different confounding structure?

MACE = non-fatal myocardial infarction, non-fatal stroke, cardiovascular death

Putting into 

practice
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Expanding Indications
Benchmark, Expand, Calibrate (BenchExCal)

Benchmark

SUSTAIN6 (non-inferiority)
Comparison: Injectable semaglutide vs placebo

Outcome: MACE

Population: Type II diabetes + ↑ CVD risk

Expand

SOUL (superiority)
Comparison: Oral semaglutide vs placebo

Outcome: MACE

Population: Type II diabetes + ↑ CVD risk

MACE = non-fatal myocardial infarction, non-fatal stroke, cardiovascular death

Ongoing trial

Change in route of administration

Active comparator proxy for placebo requires oral drug comparator (sitagliptin)

Different confounding structure?

Putting into 

practice

52



Expand    Benchmark 

Results:  SUSTAIN6 PIONEER6

?

Putting into 

practice

Benchmark SUSTAIN6
SS

EA

SD 

Benchmark

Calibrate
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SS = statistical significance

EA = estimate agreement

SD = st. diff. agreement



Expand    Benchmark 

Results:  SUSTAIN6 PIONEER6

?

Putting into 

practice

Benchmark SUSTAIN6

Expand    PIONEER6

SS

EA

SD 

Benchmark

Calibrate
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SS = statistical significance

EA = estimate agreement

SD = st. diff. agreement



Expand    Benchmark 

Results:  SUSTAIN6 PIONEER6

?

Putting into 

practice

Benchmark SUSTAIN6

Expand    PIONEER6

RWE slightly underestimates magnitude
SS

EA

SD 

Benchmark

ξ1 = 

Calibrate
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SS = statistical significance

EA = estimate agreement

SD = st. diff. agreement



Expand    Benchmark 

Results:  SUSTAIN6 PIONEER6

?

Putting into 

practice

Benchmark SUSTAIN6

Expand    PIONEER6

SS

EA

SD 

Benchmark

Correct for expected underestimation 

ξ1 ≈ ξ2

Calibrate

56

SS = statistical significance

EA = estimate agreement

SD = st. diff. agreement



Expand    Benchmark 

Results:  SUSTAIN6 PIONEER6

?

Putting into 

practice

Benchmark SUSTAIN6

Expand    PIONEER6

SS

EA

SD 

Benchmark

Correct for expected underestimation 

ξ1 ≈ ξ2

SS

EA

SD 

SS*

EA

SD 

Expand

* Partial SS agreement. Both meet non-inferiority criteria, but RWE study confidence intervals are tighter than RCT and exclude null

Calibrate

57

SS = statistical significance

EA = estimate agreement

SD = st. diff. agreement



Expand    Benchmark 

Results:  SUSTAIN6    PIONEER6
Putting into 

practice
Calibrate

58



Expand    Benchmark 

Putting into 

practice
Results:  SUSTAIN6    PIONEER6 Calibrate

Pt est and 95% CI RCT Expanded Pop

(only observed if completed RCT exists)
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Putting into 

practice
Expand    Benchmark 

Results:  SUSTAIN6    PIONEER6 Calibrate

Distribution of scaled net divergence

Centered at “best guess” – observed divergence in benchmark
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Putting into 

practice
Expand    Benchmark 

Results:  SUSTAIN6    PIONEER6 Calibrate

Observed estimate and 95% confidence interval in RWE expanded pop study
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Putting into 

practice
Expand    Benchmark 

Results:  SUSTAIN6    PIONEER6 Calibrate

Pt. est., 95% credible interval in calibrated RWE expanded pop study

using “best guess” for net divergence (observed in benchmarking)

62



Putting into 

practice
Expand    Benchmark 

Results:  SUSTAIN6    PIONEER6 Calibrate

Calibrated estimates for a range of priors for net divergence

How extreme does a prior have to be before hitting a tipping point? 63



Expand    Benchmark 

Results:  SUSTAIN6 PIONEER6

?

Putting into 

practice

Benchmark SUSTAIN6

Expand    PIONEER6

SS

EA

SD 

Benchmark

SS

EA

SD 

Calibrate
SS

EA

SD 

Expand

Calibrate

RWE slightly overestimates magnitudeξ1 = 

64

SS = statistical significance

EA = estimate agreement

SD = st. diff. agreement



Expand    Benchmark 

Results:  SUSTAIN6 PIONEER6

?

Putting into 

practice

Benchmark SUSTAIN6

Expand    PIONEER6

SS

EA

SD 

Benchmark

Calibrate

RWE slightly overestimates magnitudeξ1 = 

65

SS = statistical significance

EA = estimate agreement

SD = st. diff. agreement



Expand    Benchmark 

Results:  SUSTAIN6 PIONEER6

?

Putting into 

practice

Benchmark SUSTAIN6

Expand    PIONEER6

SS

EA

SD 

Benchmark

Calibrate

RWE slightly overestimates magnitudeξ1 = 

Calibration adjusts for predicted small 

overestimation from benchmarking
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SS = statistical significance

EA = estimate agreement

SD = st. diff. agreement



Expand    Benchmark 

Results:  SUSTAIN6 PIONEER6

?

Putting into 

practice

Benchmark SUSTAIN6

Expand    PIONEER6
But! In the observed expansion 

results, we see slight underestimation

of RCT

SS

EA

SD 

Benchmark

Calibrate

RWE slightly overestimates magnitudeξ1 = 

67

SS = statistical significance

EA = estimate agreement

SD = st. diff. agreement



Expand    Benchmark 

Results:  SUSTAIN6 PIONEER6

?

Putting into 

practice

Benchmark SUSTAIN6

Expand    PIONEER6

SS

EA

SD 

Benchmark

Calibrate

RWE slightly overestimates magnitudeξ1 = 

SS

EA

SD 

Expand

SS

EA

SD 

Calibrate
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SS = statistical significance

EA = estimate agreement

SD = st. diff. agreement



PS weighted est. of ξ1 scaled net divergence: + 0.10 PS 1:1 matched est. of ξ1 scaled net divergence: - 0.12 

Putting into 

practice
Expand    Benchmark 

Results:  SUSTAIN6    PIONEER6

Key points

• Incorporating uncertainty re: net divergence results in wide credible intervals

• PS weighted and 1:1 PS matching both had small net divergence in different directions

• PS weighted analysis had pt estimates closer to RCT + smaller st. dev.

Calibrate
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Expand    Benchmark 

Results:  SUSTAIN6 SOUL

?

Putting into 

practice

Benchmark SUSTAIN6

Expand    SOUL

Benchmark

SS

EA

SD 

Calibrate

70
SS = statistical significance

EA = estimate agreement

SD = st. diff. agreement



Expand    Benchmark 

Results:  SUSTAIN6 SOUL
Putting into 

practice

SS*

EA

SD 

Benchmark SUSTAIN6

Expand    SOUL

https://www.nejm.org/doi/full/10.1056/NEJMoa2501006

Benchmark

SS

EA

SD 

Calibrate

71
SS = statistical significance

EA = estimate agreement

SD = st. diff. agreement

0.85

0.82

0.86?0.86 (0.77, 0.96)

https://www.nejm.org/doi/full/10.1056/NEJMoa2501006


Learning 
Emulation of 30 completed trials

Proof-of-concept 

Prediction of 7 ongoing trials

Putting into practice 
BenchExCal

Take home points

72



Learning 
Emulation of 30 completed trials

Proof-of-concept 

Prediction of 7 ongoing trials

Putting into practice 
BenchExCal

Take home points

Benchmarking requires nuance

Formal criteria +         deep dive

What is the question of interest?

73



Learning 
Emulation of 30 completed trials

Proof-of-concept 

Prediction of 7 ongoing trials

Putting into practice 
BenchExCal

Take home points
Continuum of evidence needed…

… to understand the effects of drugs
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Learning 
Emulation of 30 completed trials

Proof-of-concept 

Prediction of 7 ongoing trials

Putting into practice 
BenchExCal

Take home points

75



RCT-DUPLICATE

76



Training an “RCT reviewer” to become a confident “RWE reviewer”

Wang, Schneeweiss CPT 2023
77



With data that are fit-for-purpose and proper design and analysis, 

non-randomized real-world evidence studies can come to similar 

conclusions about a drug’s treatment effect as randomized trials

Question +          Data + Design
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More to come!

● ENCORE (n = 12 oncology trials)

● Pediatric trials (n = 10)

● Claims + EHR linked (n = 10)

● BenchExCal (n = 5 pairs)

RCT-DUPLICATE
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Co-Directed by Drs. Wang and Schneeweiss

Harvard study team:

Faculty: Drs. Schneeweiss, Wang, Franklin, Glynn, Kruger, Patorno, Desai, Choudhry, Huybrechts, Fischer, 

Feldman, Gagne, Bykov, Russo, Hahn, Savage, Wyss, Lin

Research Staff: Bessette, Dr. D’Andrea, DiCesare, Chin, Gautham, Gopalakrishna, Jawaid, Jin, Kattinakere

Sreedhara, Lee, Dr. Mahesri, Dr. Liu, Dr. Pawar, Sears, Tesfaye, Umarje, York, Zabotka, Zakoul

Aetion team: Drs. Garry, Rassen, and Isaman, Gibbs, Gilpin

Expert advisor panel:* Drs. Goodman, Stanford; Ray, Vanderbilt; Suissa, McGill; Brookhart, Duke

*While we are most grateful for the advice we received, the authors are solely responsible for the presented work

FDA colleagues: Drs. Bradley, Martin, Quinto, He, Li, Concato, Corrigan-Curay, Paraoan

RCT-DUPLICATE
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Questions?

swang1@bwh.harvard.edu

shirleywang-bwh-harvard/

sschneeweiss@bwh.harvard.edu

sebastian-schneeweiss-23932ab2/ 

81

mailto:swang1@bwh.harvard.edu
mailto:sschneeweiss@bwh.harvard.edu


Moderated Q&A

Please continue to submit questions through the Zoom Q&A



Adjournment

April 29, 2026

healthpolicy.duke.edu

healthpolicy.duke.edu

U.S. Food and Drug Administration Webinar on the RCT-
DUPLICATE Initiative: 

Emulating Randomized Clinical Trials with Non-Randomized 
Real-World Data Studies

http://www.healthpolicy.duke.edu/
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