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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

Subteam 1: White paper development



Project Lead: Matt Baldwin

• Webinar 1 (22 Apr 2025): An Introduction to the Estimands and Target Trial Emulation (TTE) 
Frameworks (recording & slides)

• Webinar 2 (05 Jun 2025): Estimands in Real-World Evidence Studies (recording & slides)

• PHUSE Blog: "What’s the Hype About? PHUSE’s Record-Breaking Webinars Explore Estimands 
and Target Trial Emulation for RWE"

• Webinar 3 (24 Feb 2026): Implementing Estimands & Target Trial Emulation (TTE) in Real-World 
Evidence: Case Studies & Perspectives

• Webinar 4 (TBD): Biostatistical Considerations When Using RWD and RWE in Clinical Studies for 
Regulatory Purposes: A Landscape Assessment 

• Webinar 5 (TBD): Q&A Panel  

Subteam 2: At the Intersection of Estimands and Target 
Trial Emulation (TTE) for RWE webinar series 

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://phuse.global/Communications/PHUSE_Blog/what-s-the-hype-about-phuse-s-record-breaking-webinars-explore-estimands-and-target-trial-emulation-for-rwe


Implementing Estimands & TTE in Real-World Evidence: 
Case Studies & Perspectives

Today, our speakers will walk through external comparator 
analyses using real-world data and address common challenges 
such as data completeness, index date alignment, baseline 
confounding and treatment switching. A closing commentary will 
synthesize considerations when jointly applying estimands and 
TTE in external comparator studies.

• Applying the Estimand and Target Trial frameworks to external control 
analyses using observational data: a case study in the solid tumor setting.

• Combining the Target Trial and Estimand Frameworks to Define the 
Causal Estimand: An Application Using Real-World Data to Contextualize a 
Single-Arm Trial

• External comparator studies and the joint application of the estimand and 
target trial emulation frameworks.
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Implementing Estimands & TTE in Real-World 

Evidence

Webinar 3 Outline

• (5 min) Introduction

• (10 min) Dr Letizia Polito, Roche

• (10 min) Dr Jufen Chu, Daiichi Sankyo

• (10 min) Dr Gerd Rippin, IQVIA

• (25 min) Presenter Dialogue and Closing

ATTENTION – No live Q&A, any questions submitted via the 
Zoom chat, Q&A, or workinggroups@phuse.global will be 
answered in a published Q&A file with the recording and slide 
decks
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2026 PHUSE US Connect



Matt Baldwin & Lauren Dang
March 25, 2026

2026 PHUSE US Connect - Workshop

Bridging Estimands & Target Trial Emulation



Presenter Dialogue

Discussion Topics
1. ICEs and Treatment Switching

2. Making RWD Limitations Explicit

3. Marginal Estimand Choice

4. Time Zero and Follow-Up

5. Stakeholder Communications

6. Standardization and Estimand Quality

ATTENTION – No live Q&A, any questions submitted via the 
Zoom chat, Q&A, or workinggroups@phuse.global will be 
answered in a published Q&A file with the recording and slide 
decks.
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Presenter Dialogue 1:
ICEs and Treatment Switching

Letizia:

In your external comparator study, what 

led to the decision to use a hypothetical 

strategy for treatment switching, and how 

did that choice shape the estimand, the 

compatible estimator, the assumptions 

you relied on, and the sensitivity analyses 

you pre-specified?

2/24/2026 10

ICH E9(R1) Training Material

https://www.ich.org/page/efficacy-guidelines#9-2


Presenter Dialogue 2:
Making RWD Limitations Explicit

Jufen:

In your external comparator study, how 

did jointly applying the estimand and 

target trial emulation frameworks make 

RWD limitations explicit, and how did that 

transparency drive your design and 

analysis choices?

2/24/2026 11

Hampson, L. V., et al. (2024). Combining the target trial and 

estimand frameworks to define the causal estimand: an 

application using real-world data to contextualize a single-arm 

trial. Statistics in Biopharmaceutical Research, 16(1), 1-10.
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Presenter Dialogue 3:
Marginal Estimand Choice

Gerd:

• When you design an external 

comparator analysis, which marginal 

estimand do you default to, and why?

• Which stakeholder question does it 

answer best, and which trade-offs do 

you accept?

• Do you advise including supplementary 

estimands in protocols?

2/24/2026 12

Greifer, N., & Stuart, E. A. (2021). Choosing the causal 

estimand for propensity score analysis of observational studies. 

arXiv preprint arXiv:2106.10577.

https://arxiv.org/pdf/2106.10577
https://arxiv.org/pdf/2106.10577
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Presenter Dialogue 4:
Time Zero and Follow-Up

Letizia:

• How did you define time zero in each 

data source, justify any misalignment, 

and set the follow-up window?

• What are the implications for the 

estimand’s interpretation, and would you 

change these choices if the disease had 

different diagnostic or treatment 

patterns?

2/24/2026 13

Polito, L., et al. (2024). Applying the estimand and target trial 

frameworks to external control analyses using observational 

data: a case study in the solid tumor setting. Frontiers in 

Pharmacology, 15, 1223858.

https://doi.org/10.3389/fphar.2024.1223858
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Presenter Dialogue 5:
Stakeholder Communications

Jufen:

• Your work engaged EMA (including a 

rapporteur’s early request for an 

external comparator), FDA, and HTA 

bodies.

• How did the joint EF and TTE approach 

facilitate conversations with clinicians, 

statisticians, RWE scientists, regulatory 

affairs, and with regulatory/HTAs, from 

pre-specification to the final 

submission?

2/24/2026 14

European Public Assessment Report (EPAR): EMA Type II 

variation II/0044 (follicular lymphoma, FL) for tisagenlecleucel 

(Kymriah)

https://www.ema.europa.eu/en/documents/variation-report/kymriah-h-c-4090-ii-0044-epar-assessment-report-variation_en.pdf
https://www.ema.europa.eu/en/documents/variation-report/kymriah-h-c-4090-ii-0044-epar-assessment-report-variation_en.pdf
https://www.ema.europa.eu/en/documents/variation-report/kymriah-h-c-4090-ii-0044-epar-assessment-report-variation_en.pdf


Presenter Dialogue 6:
Standardization and Estimand Quality

Gerd:

• Looking ahead, how would you formalize 

the 9 unified elements across sponsors 

and reviewers, and would you add an 

estimand quality dimension for RWD?

• What should be the minimum reporting 

standard for external comparator 

protocols?

2/24/2026 15

Rippin, G., & Sanz, H. (2024). 

External comparator studies and the 

joint application of the estimand and 

target trial emulation frameworks. 

Frontiers in Drug Safety and 

Regulation, 4, 1409102.
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Project Lead: Matt Baldwin

• Webinar 1 (22 Apr 2025): An Introduction to the Estimands and Target Trial Emulation (TTE) 
Frameworks (recording & slides)

• Webinar 2 (05 Jun 2025): Estimands in Real-World Evidence Studies (recording & slides)

• PHUSE Blog: "What’s the Hype About? PHUSE’s Record-Breaking Webinars Explore Estimands 
and Target Trial Emulation for RWE"

• Webinar 3 (24 Feb 2026): Implementing Estimands & Target Trial Emulation (TTE) in Real-World 
Evidence: Case Studies & Perspectives

• Webinar 4 (TBD): Biostatistical Considerations When Using RWD and RWE in Clinical Studies for 
Regulatory Purposes: A Landscape Assessment 

• Webinar 5 (TBD): Q&A Panel  
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Applying the Estimand and Target Trial 

frameworks to an external control analysis using 

observational data: a case study in the solid tumor 

setting

Letizia Polito, Principal Real World Data Scientist, Roche

PHUSE Webinar Series

Disclosure: this presentation reflects the views of the authors and not necessarily those of Hoffman-La Roche and Flatiron Health



● There is a rapidly growing necessity for External Control Arms (ECA) to support Regulatory and HTA decision-making

Key use case: contextualizing single-arm trials or updating outdated comparators caused by rapid shifts in Standard of Care.

● Ability to replicate trials’ internal control arm using observational data is challenged by confounding and other operational 

constraints

The Value and Challenges of External Control Arms

Baseline (Measured) Confounding: 

patients are different at the start

Intercurrent Events and Post-

Baseline (Measured) 

Confounding

Aligned index dates 

(randomization date vs. 

treatment start date) and end of 

follow-up between trial control 

arm and ECA

Missing variables/unmeasured 

confounding and/or missing 

data/poor data quality



Bring 
transparency 

on the 
assumptions 

made

Study Design

How to 
emulate the 
target trial to 
address the 
estimand?

Step 4

Set up the 
target 

randomized 
trial?

Step 3

What’s the 
Estimand?

Step 2

Step 4

Estimand Framework (ICH E9 R1): 

Clarifies the scientific question in a 

language familiar to regulators and drug 

makers (step 1-2)

What to estimate?

Target Trial Emulation (TTE): 

Provides the operational blueprint 

(step 3-4)

How to estimate it?

The methodological framework adopted

What’s the 
scientific 
question?

Step 1



Does OS differ for 

mNSCLC patients on 

1L platinum 

chemotherapy in trials 

vs. real-world 

practice?

The evolution of the scientific question

Initial Question

Routine clinical practice 

shows much greater 

diversity in 2L drug use 

than the highly controlled 

environment of a clinical 

trial. This creates 

spurious survival 

differences that mask the 

intrinsic equivalence of 

the treatment regimens.

The constraint

OS, overall Survival; mNSCLC; metastatic non-small cell lung cancer; 1L, first-line

Metrics RCTs Control 

(N=849)

Observational 

Control (N=3340)

Switching Frequency to 

Subsequent Therapy 

anytime during the follow-up 

period, %

449 (52.9%) 1881 (56.3%)

Median (IQR) Time to 

Switch, months (among 

patients who switched)

6.24 (4.27–9.69) 5.45 (3.12–9.43)

Treatment Switching Patterns in Clinical Trials vs. Real-World Settings

Refined question

“Is there a difference in OS... had patients not received a 

subsequent therapy?"



Is there a difference in overall survival (OS) between patients with metastatic NSCLC receiving front-line platinum-based 

chemotherapy in pivotal trials vs patients with metastatic NSCLC who received front-line platinum-based chemotherapy as 

part of routine care had patients not received a subsequent therapy?

Attribute Definition for Case Study

Population Metastatic NSCLC (squamous & non-squamous), ECOG 0-1, >=18 years of age, with adequate 
hematological and end-organ function.

Treatment Front-line platinum-based chemotherapy (RCT Protocol vs. Routine Care)

Endpoint Overall Survival (OS)

Intercurrent Event Receipt of a subsequent treatment: handled using a Hypothetical Strategy (instead of 
Treatment Policy Strategy)

Summary Measure Hazard Ratio (HR) with 95% CI; Kaplan–Meier estimator

Scientific Question and Estimand



Baseline characteristics

Patients enrolled in the trials were 

on average younger, more 

frequently were males, diagnosed 

as de novo stage IV and with 

squamous histology compared to 

patients in the real world

Data sources: IMpower 130, 131, 132 trials (Control Arms) & Flatiron Health electronic health record (EHR)-derived database

**IPTWATT, Inverse Probability of Treatment Weighting; ATT, Average Treatment Effect on the Treated

SMD, Standardized Mean Differences

**



Note: ECOG PS (0 vs 1) was excluded from the model due to high missingness in the RWD. 
IPTW, Inverse Probability of Treatment Weighting; ATT, Average Treatment Effect on the Treated; IPCW(t), Inverse Probability of Censoring Weighting (time-dependent).

Double Weighting Strategy (IPTWATT × IPCW(t))



Note: ECOG PS (0 vs 1) was excluded from the model due to high missingness in the RWD. 
IPTW, Inverse Probability of Treatment Weighting; ATT, Average Treatment Effect on the Treated; IPCW(t), Inverse Probability of Censoring Weighting (time-dependent).

Double Weighting Strategy (IPTWATT × IPCW(t))



Primary vs. Supplementary Analysis: different estimands

HRw = 0.94 (95% CI*: [0.77, 1.13]) HRw = 0.92 (95% CI*: [0.81, 1.05])

IPTW-ATT*IPCW(t)
Hypothetical strategy

Primary analysis Supplementary analysis

IPTW-ATT
Treatment policy strategy

Observational Control

RCT Control

Observational Control

RCT Control

95% CIs calculated using non-parametric bootstrapping. IPCW calculated as stabilized weights.



Hypothetical strategy
IPTW-ATT with naïve censoring

Hypothetical strategy
IPTW-ATT*IPCW(t)

Primary analysis Sensitivity analysis

Observational Control

RCT Control

Observational Control

RCT Control

Sensitivity Analysis: naïve estimator

Naive censoring upon 

treatment switch is 

informative, artificially right-

shifting median OS



Key Takeaways

Integration

Combining Estimand Framework 

(ICH E9 R1) with Target Trial 

Emulation (TTE) ensures the 

scientific question aligns with the 

estimand and study design

Validity

Under study specific assumptions, 

observational data can act as a 

valid comparator using the right 

estimator - in this case via Double 

Weighting

Transparency

Explicit definition of the causal 

model and assumptions is a 

prerequisite for acceptance and 

alignment across all stakeholders

Acknowledged limitations: results may be subject to unmeasured confounding, time-zero 

mismatches, and geographic heterogeneity
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Implementing Estimand and Target 
Trial Emulation Frameworks: A 

Practical Case Study
Presenter: Jufen Chu

PHUSE Real-World Evidence Working Group
Feb 24th, 2026



External control requested for single arm trial
• ELARA: A single arm, multi-center, phase II study to determine the efficacy and 

safety of tisa-cel in adult patients with Follicular Lymphoma after ≥2 lines of prior 
therapy

• Need for external control with patient-level data highlighted by the Norwegian 
Health Authority (Tisa-cel rapporteur country) during protocol review :

2



Selection of index line
• Longitudinal data across several lines of therapies available in RWD sources

• Patients in RWD can meet the eligibility criteria of ELARA at multiple lines of therapy

3

3L 4L 5L

3L 4L

3L

Time of starting 
3L therapy

Patient 1

Patient 2

Patient 3

• Use data from all lines?
• Use earliest/latest lines ?
• Randomly select one line?



Bias due to baseline confounding

4

• One fundamental problem is that patients treatment assignment is not random, but 
dependent on baseline covariates                    unbalanced baseline covariates     

Randomized trial

Direct 
comparison

Randomly assign 
patients to the 
treatment arm

Treatment Arm: Tisa-cel

Control Arm: SOC

Single arm trial data

External control data

Remedies?

Confounders
Direct 
comparison

Without randomization



Other design-associated biases

Single arm trial data
Observed outcomes on drug

External control RWD 
Observed outcomes on control

Other biases could impact our 
causal inference. *± E.g.
• Selection bias
• Assessment bias
• Different endpoint bias
• Immortal time bias
• Efficacy / effectiveness gap
• Drift in SoC over time

Take steps to eliminate or mitigate potential biases 
through the careful design and analysis of the 
effectiveness comparison between single arm trial 
data and its external control data

* Burger et al. Pharmaceutical Statistics, 2021
± Catalogue of Bias Link 

https://catalogofbias.org/


Target trial & Estimand frameworks

6

• ICH E9(R1) estimand provides a structured framework to clinical trial 
design, conduct, analysis and interpretation 

• Target trial emulation framework can be used to extend the ICH E9(R1) 
estimand thinking process to studies using RWD, but doesn’t include 
intercurrent events 

• Provides formal frameworks to identify and avoid common 
methodological pitfalls of study design and statistical analysis 

• Facilitates transparent communication about potential limitations



Applying target trial & estimand frameworks

Attribute Target RCT 

Population
/Eligibility 
criteria

ELARA inclusion/exclusion (I/E) 
criteria

Treatment/
Treatment 
strategy

CAR-T treatment strategy vs 
Current SoC

Treatment 
assignment

Block randomized to either 
CAR-T arm or SoC arm

Variables OS is time to death from any 

cause

CR best overall response of 

complete remission per 

Lugano criteria

PFS is time to first progression 

or death from any cause
7

Emulated trial
ELARA RWD

Same as target 
RCT

ELARA I/E criteria that 
are feasible to apply 
retrospectively

CAR-T treatment 
strategy as target 
RCT

Current SoC 

Emulate simple randomization

Same as in target RCT

Same as target 
RCT

CR and progression 
based on real-world 
response criteria

Same as target 
RCT

Progression dates 
unavailable for many 
patients

Our strategy

Be transparent and summarize all criteria 
that were not feasible to apply in RWD

Propose statistical methods to emulate 
randomization 

Subgroup analysis ≥ 2014 was conducted 

as year of introduction of Lugano response 

criteria

To consider new anticancer therapy as PFS 
event  and pre-specify in SAP 

Question: What’s the treatment effect of prescribing tisa-cel vs SoC in the patient population who 

participated in the ELARA trial? – average treatment effect on treated (ATT)



Applying target trial & estimand frameworks
Attribute Target RCT 

Start of 
follow-up

Start: date of randomization

Intercurrent 
event(s)

IE: new anti-cancer therapy
OS: Treatment policy strategy 
CR: ICE reflected in Variable
PFS: Hypothetical strategy 

Causal 
effect

ATT: Effect of prescribing 
tisagenlecleucel vs SoC in 
patients meeting ELARA 
inclusion/exclusion criteria

Summary 
measure

Binary endpoints:  Difference in 
marginal response probabilities on 
CAR-T vs SoC
Time-to-event (TTE) endpoints: 
Marginal HR

Analysis Binary: Difference in response 
rates
TTE: Cox regression

8

Emulated trial
ELARA RWD

Start: enrollment, 
regarded as 
prescription date

Start: start date of SoC 
treatment
• Multiple line of 

therapy
Same as target RCT for OS and CR
PFS: Composite strategy

Same as in target RCT

Same as in target RCT

Binary: Difference in weighted proportions of 
responders
TTE: HR obtained from a weighted Cox 
regression

Our strategy

Propose statistical method to select 
index line



Novel approach to select line of therapy

9

Step1. Estimation of propensity 
scores per patient per line
(as each patient has new set of ‘baseline’ 
covariates at start of each line)

Step 2. Selection of one eligible 
line per patient in external cohort
- The highest propensity score per patient is 
chosen, i.e. line where the patient is mostly 
closely aligned with that ELARA population.

External Cohort External Cohort

Propensity 
score = 
probability a 
patient would 
have been 
enrolled in 
ELARA

Higher 
propensity 
score = 
more similar 
to ELARA 
patients



Utilizing PS to mitigate confounding bias
• ATT: “What is the effect of prescribing tisa-cel (vs SoC) on efficacy in the population who 

participated in ELARA?”

→Weight each patient in the external cohort based on their odds of being in ELARA

10

Treatment arm 
(original)

Control arm 
(original)

Control arm 
(weighted)

Illustration purpose only not 
from real data



Diagnostics: how successful were we at 
emulating randomization?
Figures compare the empirical distributions of propensity score 
estimates in ELARA vs ReCORD before and after weighting (similar 
results for Flatiron cohort)

© 2022 DIA, Inc. All rights reserved.
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Kaplan-Meier plots for ELARA vs ReCORD 
after weighting

© 2022 DIA, Inc. All rights reserved.

Overall survival PFS considering new anticancer therapy as event
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Regulatory interactions and outcome

EPAR: European Public Assessment report, HTA: Health Technology Assessment
13

HA Interactions/ Outcome

EMA • EMA Rapporteur asked for external comparator during the protocol review in 2018
• Scientific Advice received on proposed analysis plan and target 
• Positive CHMP opinion in March 2022, RWE contributed to contextualization of results 
• Tisageneleucel approved in r/r Follicular Lymphoma in April 2022

‒ RWE data not accepted for inclusion in the EU label
‒ RWE data is reflected in EPAR after approval 

• Target trial and estimand frameworks facilitated the transparent and constructed 
discussions

FDA • Tisageneleucel approved in r/r Follicular Lymphoma based on ELARA trial
• Considered SAT alone sufficient for benefit-risk assessment in this setting and did not 

indicate any potential value of RWE submission 

HTA • Submitted to HTA to support the evaluation of final pricing and reimbursement decision



Thank you 
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1

Both the EF & TTEF frameworks should be considered 
for observational studies

Snippet from Rippin & Sanz (2024) 

Snippet from Duke Margolis Center for Health Policy White Paper: 

Real-world evidence to support causal inference: methodological 

considerations for non-interventional studies (2024)
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2

Why should the joint application of both frameworks be standardized?

Issue 1: The frameworks do overlap, leading to duplicated efforts 

Issue & 

Solution
Issue 2: Addressing the overlap of frameworks is currently handled by 

individual study-specific solutions, without cross-study standardization, 

indicating lack of consistency and introducing undesirable diversity

Solution: Develop a standardized approach for a systematic 

presentation of the joint application of the two frameworks
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3

01 02

Target Trial Emulation 

Framework (TTEF, 2016)

Emulates a trial using RWD by 
defining 7 TTEF components: 

eligibility criteria, treatment strategies, 
assignment procedures, follow-up 

period, outcomes, causal contrasts of 
interest, and the analysis plan

03

Unified 9-Element 

Framework* (2024)

Standardizes the joint application by 

specifying nine core elements by 

combining the estimand and target trial 

emulation frameworks & addressing 

gaps

Core Design Framework for Observational Studies

Estimand Framework 

(2017)

Defines what effect to estimate by 

specifying 5 EF attributes: 

treatment condition, population, 

endpoint, intercurrent events, 

population-level summary

*: Rippin G, Sanz H. External comparator studies and the joint application of the estimand and target trial emulation frameworks. Front Drug Saf Regul. 
2024;4:1409102. https://doi.org/10.3389/fdsfr.2024.1409102. Open-access!
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4

The EF according to ICH E9(R1), 2017

ExplanationDefinition

Aim

Aim 

A structured framework

• “to enhance communication among 

multiple disciplines involved in 

developing the purpose, design, 

conduct, analysis, and 

interpretation of clinical trials

• and to enhance communication 

between sponsors and regulatory 

agencies.”

Definition

• “A precise description of the 

effect of a treatment that 

reflects the clinical question 

posed for the purpose of the 

clinical trial.”

Explanation

• An estimand is an

estimating target defined in 

terms of a specific trial 

objective. 

• Derived from the latin word 

aestimandum: “which is being 

estimated”. 
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5

The EF according to ICH E9(R1), 2017

Scope

Study Types

Applicable both for confirmatory 

clinical trials and observational 

research

Causal Inference

Concept of Intercurrent 

Events (ICEs)

The ICH E9(R1) addendum is 

aligned with causal inference 

thinking due to the need to 

address post-baseline intercurrent 

events
Unifying Language

Trials & Studies

The EF offers a unifying language 

for clinical trials and observational 

studies
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6

The 5 Attributes of an Estimand

Treatment conditions 

Dosage, route, 

frequency, … 

Population

As per in- and 

exclusion criteria

Endpoint 

E.g., overall response, 

overall survival, … 

Population-level Summary

E.g., Hazard Ratio, Relative Risk, Restricted 

Mean Survival Time, …

Intercurrent Events

E.g., starting a subsequent therapy, additional 

therapy post-baseline, treatment modification post-

baseline, premature end of treatment, experiencing 

an AE, …
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7

The 7 Components of the TTEF (Hernán & Robins, 2016)

Component 5

Outcome

Component 6

Causal contrasts of interest

Component 7

Defining time zero and specifying a grace period 

for treatment initiation

Component 1

Eligibility criteria 

Component 2

Treatment strategies

Component 3

Assignment procedures

Component 4

Follow-up period
The EF is a statistical framework while the TTEF is mainly an 

epidemiological framework, acting mostly (but not completely) on 

the design level.

It had the specific case of large databases in mind, but other 

observational study settings benefit from the framework as well. 
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8
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9

Conclusion

• Both frameworks do exhibit 

gaps when being applied on 

their own.

• Hence, both should be applied 

jointly, as also clearly 

recommended by regulatory 

guidance documents.

Background

The joint application should 

be implemented in a 

standardized format to 

increase transparency, 

efficiency and consistency.

Recommendation Such a standardized format was 

made available by successfully 

deriving a tangible set of 9 

unifying framework elements 

with clear rationale and 

terminology. 

Use a set of unifying elements
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Thank you!

Dr. Gerd Rippin, Senior Director Biostatistics, Real World Solutions, IQVIA
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