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• Introduction – 5’ 
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Several Projects

- Applying Advanced Data Privacy Methods to Real World Data (RWD)​

- Using OMOP and Other Real World Data Standards to Support Regulatory Submissions​

- Estimands For RWD/RWE

- Quality & Reusability of RWD​

- RWD Guideline for Programming & Analysis Processes

- Submitting RWD

- Missing Data Imputation in RWD Exploration of Multiple Techniques on Open-Source Data

Content

Working Group Scope

The Real-World Evidence Working Group aims to support, address and answer 
pertinent questions around real-world evidence. The Working Group is dedicated to 
sharing across the PHUSE Community (through Community Forums) and aligning on 
the best industry practices. Some of the questions we intend to address are:

• What are the requirements, technologies and processes/best practices needed to 
• use real-world data as a source for data analysis?
• incorporate real-world data into clinical trials?
• to support the use of real-world evidence as part of regulatory submissions?

Blog Articles & White Papers​

Community forums 

Conference activities

https://phuse.global/Working_Groups

If you would like to get involved, 

email workinggroups@phuse.global

mailto:workinggroups@phuse.global


ESTIMANDS FOR RWD/RWE



• White Paper development (subteam 1)
o Co-leads: Ksenia Titorenko (ICON) and Paramita Chakraborty (IQVIA / Gilead)

o Establishing Robust Estimands in Real-World Evidence

▪ Literature review

▪ Gap analysis

▪ Combining frameworks

▪ Example use cases

▪ Regulatory submission aspects

▪ etc

o Preparing for internal PHUSE project team review

o Future public review before published

Estimands for RWD/RWE



• Webinar series (subteam 2)
o Lead: Matt Baldwin (Amgen)

o At the Intersection of Estimands and Target Trial Emulation (TTE) for RWE

o 22Apr2025 – Webinar 1 recording / slides: 
▪ An Introduction to the Estimands and Target Trial Emulation Frameworks

o 05Jun2025 – Webinar 2 recording / slides: 
▪ Estimands in Real-World Evidence Studies

o 21Jul2025 – PHUSE Blog: What’s the Hype About? PHUSE’s Record-
Breaking Webinars Explore Estimands and Target Trial Emulation for RWE

o 24Feb2026 – Webinar 3 registration: 
▪ Implementing Estimands & Target Trial Emulation (TTE): Case Studies and Perspectives

Estimands for RWD/RWE

https://www.phuse-events.org/attend/frontend/reg/tOtherPage.csp?pageID=68719&eventID=106
https://www.phuse-events.org/attend/frontend/reg/tOtherPage.csp?pageID=68719&eventID=106
https://www.phuse-events.org/attend/frontend/reg/tOtherPage.csp?pageID=68747&eventID=106
https://www.phuse-events.org/attend/frontend/reg/tOtherPage.csp?pageID=68747&eventID=106
https://www.phuse-events.org/attend/frontend/reg/tOtherPage.csp?pageID=68747&eventID=106
https://www.phuse-events.org/attend/frontend/reg/tOtherPage.csp?pageID=68747&eventID=106
https://phuse.global/Communications/PHUSE_Blog/what-s-the-hype-about-phuse-s-record-breaking-webinars-explore-estimands-and-target-trial-emulation-for-rwe
https://phuse.global/Communications/PHUSE_Blog/what-s-the-hype-about-phuse-s-record-breaking-webinars-explore-estimands-and-target-trial-emulation-for-rwe
https://phuse.global/Communications/PHUSE_Blog/what-s-the-hype-about-phuse-s-record-breaking-webinars-explore-estimands-and-target-trial-emulation-for-rwe
https://us06web.zoom.us/webinar/register/9217689161337/WN_uQOH4tjSTzaDqI_zZyyqVw#/registration
https://us06web.zoom.us/webinar/register/9217689161337/WN_uQOH4tjSTzaDqI_zZyyqVw#/registration
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Overview

The Problem 

• Causal inference in clinical development 

• Risks and mitigation strategies 

Background

• Sources of data

• Implementation

Solution: novel study design

Results

Remarks

Overview



The Problem

Outline



Explorations in Pediatric ALL   

Rare Disease: 

Pediatric Relapsed/ Refractory B-cell/ T-cell ALL

Objective: Achieving superior complete remission 

for experimental arm versus control arm 

• Original study design (2014) included BLRM phase 1 

followed by controlled randomized phase 2

• Phase 1 Results (2019): Induction with CFZ-VXLD, 

increased the chances to reach Complete Remission 

• By 2019, planned phase 2 no longer feasible due 

to lack of appropriate active control

• Limited Real World Data (RWD) for evidence in 

unmet need due to scarce data



Outline

The problem 

Background



Causal Inference: 
Estimate Clinically Interpretable Treatment Effects 

Core assumptions across treatment arms for validity 
✓ Exchangeability: no unmeasured confounding
✓ Positivity: overlap in inclusion/ exclusion criteria

✓ Consistency: similar endpoint definitions



Externally Controlled Trial:
Addressing Bias in a Pre-specified and Transparent Way

Risk Mitigation

Non-randomized populations Eligibility alignment + causal adjustment

Unmeasured confounding Sensitivity analyses

Poor overlap Overlap diagnostics for matching or weighting

Endpoint differences Harmonized collection and definition

Subsequent therapy Estimand strategies 

RWE data limitations Quality checks + robustness checks

Regulatory uncertainty Supportive evidence within the totality of the data



Outline

The problem 

Background

Solution



Novel Study Design
Phase 2: Externally Controlled Single Arm  Trial

Main Endpoints

▪ CR

▪ CRi+

▪ EFS

▪ OS

Comparative analyses* adjusted via weighting (59.3 B-cell & 44.6 T-cell )

Sample size considerations- analyses done separately per ALL phenotype (B-cell/ T-cell): 
At least 100 subjects: (min of 50 B-cell ALL / 30 T-cell ALL) for more than 70 power for at least one phenotype at 5% alpha



Efficient Trial Execution 
Pre-specified Statistical Analysis Plan 

FDA’s expectations (guidelines/ RTQs)

• SAP will be submitted to FDA for review 

and agreement prior to study analysis
• Comparability of enrolled pts to the external 

control
• Sensitivity of the results to key model 

assumptions, including unmeasured confounding 

• Validation of key study design elements:

• Population

• Treatment

• Outcomes 

Amgen’s steps to minimize bias

• Robust measures for Data Quality
• Objective imputation and derivation rules

• Rigorous methodology for analyses
• IPTW models and diagnostic checks
• Validity of modeling assumptions

• Concordance analyses 

• Trial Integrity measures
• Fire walls between experimental and control arm (outcomes)

• Independent external DMC 



Mapping Data into C-DISC Standards

SAT

ECA

ECA=external control arm; I/E= inclusion/ exclusion; PAS=primary analysis set; PT=patient; SAT= 
single arm trial; Tx= treatment



Analysis Plan for Inference

June2017 / Amgen Proprietary - Confidential 64

Pre-specify

• Analysis sets

• Prognostic factors
• Derivation rules

Fit models 
for

• Covariates

• Outcomes

Get 
estimators

• Main analysis

• Sensitivity analyses

• IPTW models adjust the outcomes via independent weights

• TMLE models both covariates and outcome relationships 



Propensity Score Balance Diagnoses 

Overall balance is sufficient if ≥ 25 of control PS overlaps with the inner 95th % of experimental PS 



IPTW Balance of Baseline Prognostic Factors (C1)

B-cell (5)

T-cell (5)

Balance is 

sufficient if 

ASD≤0.25

C1 = set of covariates used for main analyses



Variety of Sensitivity Analyses  

Bias in clinical outcomes (sponsor derived using local lab)
Outcome assessment

• Investigator assessed using local laboratory

• Sponsor derived using central laboratory

Dependence of treatment effect on control arm selection
Patient population

• Chemotherapy Analysis Set 

• Targeted Salvage Therapy Analysis Set 

Check modeling assumptionsModeling specifications

• Tipping point analyses for outliers/ imputation thresholds

• Quantitative bias analysis

• Additional prognostic factors

• Selection method for prognostic factors

• G- Computation

• Target Maximum Likelihood Estimation (TMLE) 
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Selected Results

Consistency of the Sensitivity Analyses supported the validity of the trial  

EFS

B-cell

T-cell



Selected Sensitivity Results for B-cell 

Analysis Adjustment methods

External Control

Remission Rate

(%) (95% CI)

Experimental

Remission Rate

(%) (95% CI)

Odds Ratio

(95% CI)

Primary IPTW –all C1 7.8 (1.0, 14.7) 14.8 (5.9, 23.7) 2.04 (0.54, 7.66)

Sensitivity IPTW –all C1 & C2 6.5 (0.1, 12.9) 14.8 (5.9, 23.7) 2.49 (0.53, 11.77)

IPTW- stepwise selection 7.2 (0.7, 13.8) 14.8 (5.9, 23.7) 2.22 (0.62, 7.97)

G-computation–all C1 6.0 (1.6, 13.0) 14.8 (6.6, 24.6) 2.70 (0.86, 10.09)

G-comp–LASSO C1 (3) 5.9 (1.8, 13.2) 14.8 (8.2, 23.0) 2.75 (0.97, 8.96)

G-comp–LASSO C1 & C2 (4) 5.9 (1.7, 12.7) 14.8 (6.6, 24.6) 2.78 (0.90, 9.61)

TMLE –all C1 6.7 (1.7, 14.5) 16.4 (6.8, 26.5) 2.72 (0.89, 10.17)

TMLE –LASSO C1 (3) 6.6 (1.9, 14.3) 16.8 (7.5, 25.7) 2.87 (0.99, 10.46)

TMLE –LASSO C1 & C2 (4) 6.3 (1.7, 13.6) 16.2 (6.5, 26.1) 2.85 (0.93, 10.09)

TMLE- SL C1 7.9 (2.7, 17.9) 17.8 (8.6, 28.1) 2.52 (0.79, 6.08)

Consistent results enhance the validity of the design  



Analysis Adjustment methods

External Control

Remission Rate  

(%) (95% CI)

Experimental

Remission Rate 

(%) (95% CI)

Odds Ratio

(95% CI)

Primary IPTW –all C1 9.1 (0.7, 17.5) 13.6 (3.5, 23.8) 1.58 (0.47, 5.31)

Sensitivity IPTW –all C1 & C2 7.1 (0.0, 15.2) 13.6 (3.5, 23.8) 2.06 (0.51, 8.24)

IPTW- stepwise selection 8.0 (0.0, 16.0) 13.6 (3.5, 23.8) 1.83 (0.55, 6.08)

G-comp–all C1 11.5 (4.7, 21.9) 13.6 (4.5, 25.0) 1.22 (0.35, 3.41)

G-comp–LASSO C1 (all) 11.5 (4.7, 21.9) 13.6 (4.5, 25.0) 1.22 (0.35, 3.41)

G-comp –LASSO C1 & C2 (6) 11.5 (4.3, 21.6) 13.6 (4.5, 25.0) 1.22 (0.34, 3.77)

TMLE –all C1 11.6 (2.9, 21.3) 14.2 (0.0, 25.5) 1.26 (0.37, 3.50)

TMLE –LASSO C1 (all) 11.6 (2.9, 21.3) 14.2 (0.0, 25.5) 1.26 (0.37, 3.50)

TMLE –LASSO  C1 & C2 (6) 11.6 (3.7, 21.5) 14.3 (2.3, 25.5) 1.27 (0.36, 3.82)

TMLE- SL C1 8.7 (4.3, 19.1) 13. 4 (3.8, 26.5) 1.63 (0.36, 4.54)

Selected Sensitivity Results for T-cell 

Consistent results enhance the validity of the design  
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Remarks

Embrace 
Complexity 
with Flexible 
Innovative 

Designs

Doble Robust 
Estimators 

consider the 
Totality of Info

Build Robust 
Data and 
Process 

Foundations

Strengthen 
Collaboration 

Across 
Functions and 

Regulators

Establish Pathways for Future Success



Q&A



RWE Pavilion at US Connect

Click here to play!

https://www.youtube.com/watch?v=qVysdH8lGQs




Slides & recording will shortly be available on our event page

Welcome to reach out to any of the presenters directly:

• Mark: laan@berkeley.edu

• Ela: mobreja@amgen.com

If you would like to get involved, 
email workinggroups@phuse.global

Keep in Touch!

If you would like to get 

involved, email:

workinggroups@phuse.global

https://phuse.global/Working
_Groups

mailto:laan@berkeley.edu
mailto:mobreja@amgen.com
mailto:workinggroups@phuse.global
mailto:workinggroups@phuse.global
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