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Outline

• ICH E9(R1)
– Introduction
– Key content
– Impact (thus far)

• Opportunities for stronger alignment with ICH E9(R1)
– Role of the principal stratum strategy
– Tipping point sensitivity analyses
– Estimands/estimation for time-to-event endpoints
– Estimands/estimation for personalized medicine

• Conclusions
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ICH E9(R1): Introduction
• ICH = International Council for Harmonization
• ICH E9 (Statistical Principles for Clinical Trials; 1998)

– Articulated foundational principles (randomization, double blind, interim 
analysis, non-inferiority, etc.)

– Served as a bedrock of regulatory guidance on major statistical aspects of 
confirmatory clinical trials

• 3Q 2014: ICH expert working group (regulatory and industry statisticians) began 
developing E9 addendum on estimands and sensitivity analyses

• 3Q 2017: draft addendum [E9(R1)] released for public comment
• 4Q 2019: first regulatory adoption of final E9(R1) [FDA adoption in 2Q 2021]

E9(R1) intent: to improve alignment between 
objectives, design, analysis, interpretation and 
reporting of clinical trials in publications, 
regulatory submissions and product labels 
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For a given trial objective: aligning target of estimation, design, method 
of estimation and sensitivity analysis

HOW to 
estimate?

…

…

ICH E9(R1): Key Content
A Structured Framework

Trial Objective

Estimand

Main Estimator

Main Estimate

WHAT to 
estimate?

Sensitivity Estimate 2

Sensitivity analysis (assess key assumptions)

Sensitivity Estimator 2

Sensitivity Estimate 1

Sensitivity Estimator 1

Design Data
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Target
Population

Population-level 
Endpoint Summary

µ%

Variable
(Endpoint)

Intercurrent Event(s) that can impact the above input(s)

Treatments
being compared

ICH E9(R1): Key Content [2]
Inputs for Describing an Estimand
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Strategy Example of Endpoint or Effect of Interest
Treatment
Policy

Overall survival regardless of whether or when 
treatment switching happens

Composite Heart attack or treatment discontinuation due to AE 

Hypothetical Change in HbA1c if rescue medication is not used

Principal 
Stratum

Infection severity in subpopulation that will
become infected despite preventive treatment

While on 
Treatment

QoL under palliative treatment until death in terminal 
illness

Initiate rescue medication X

Treatment switch

Death

ICH E9(R1): Key Content [3]
Strategies for Addressing Intercurrent Events
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ICH E9(R1) Impact
Increased use/reporting of estimands in randomized clinical trials 

• Reporting of estimands for RCTs in leading medical journals [since 2019]
3 trials in JAMA (1 diabetes, 2 obesity)
4 trials in NEJM (2 diabetes, 1 obesity, 1 COPD)
4 trials in Lancet (4 diabetes)

• Creative naming of estimands in above 11 examples, sometimes with insufficient clarity 
“Treatment regimen” estimand
“Efficacy” estimand
“Trial product” estimand
“Attributable” estimand

• Almost all analyses of continuous endpoints still done using mixed model repeated 
measures (MMRM) with hard-to-justify missing at random (MAR) assumption

• Sensitivity analysis not reported (and presumably not done?) in 10 of the above 11 RCTs
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ICH E9(R1) Impact [2]
Thoughtful discussions/new ideas in the literature (example below) 
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ICH E9(R1) Impact [3]
Formation of Estimand Working Groups (example below) 
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Opportunities for Stronger Alignment with ICH E9(E1)
Role of the Principal Stratum Strategy

Scientific questions of interest often involve definable but non-identifiable subpopulations  

← Bornkamp et al (2021) 10



Opportunities for Stronger Alignment with ICH E9(E1)
Tipping Point Sensitivity Analysis

• comp = completer, drop = dropout 
• 𝜋𝜋𝑖𝑖

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑  = true Pr(dropout under trt i) = 1 −  𝜋𝜋𝑖𝑖
𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑  

 

Placebo Drug 
𝜇𝜇𝑃𝑃 = 𝜋𝜋𝑃𝑃

𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑 µ𝑃𝑃
𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑 + 𝜋𝜋𝑃𝑃

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 µ𝑃𝑃
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑  𝜇𝜇𝐷𝐷 = 𝜋𝜋𝐷𝐷

𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑 µ𝐷𝐷
𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑 + 𝜋𝜋𝐷𝐷

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 µ𝐷𝐷
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑  

�̂�𝜇𝑃𝑃 = 𝜋𝜋�𝑃𝑃
𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑 µ�𝑃𝑃

𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑 + 𝜋𝜋�𝑃𝑃
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 µ�𝑃𝑃

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑  �̂�𝜇𝐷𝐷[𝑐𝑐] = 𝜋𝜋�𝐷𝐷
𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑 µ�𝐷𝐷

𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑 + 𝜋𝜋�𝐷𝐷
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 (𝝁𝝁�𝑷𝑷 + 𝒄𝒄) 

  

  �̂�𝜇𝑃𝑃  = estimate of 𝜇𝜇𝑃𝑃  assuming missingness is MAR for placebo 
 

• Estimand: 𝛿𝛿 = 𝜇𝜇𝐷𝐷 − 𝜇𝜇𝑃𝑃   
• Estimation: 𝛿𝛿[𝑐𝑐] = �̂�𝜇𝐷𝐷[𝑐𝑐] − �̂�𝜇𝑃𝑃  

 
• Primary Analysis: use c = 0 
       Stretch Analysis: use c such that �̂�𝜇𝑃𝑃 + 𝑐𝑐 = µ�𝑃𝑃

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑  
       Tipping Point: find c such that p-value = α  
 

     
 

MMRM exaggerates drug benefit if dropouts are mostly due to toxicity or inefficacy (because MAR assumption becomes implausible)

Example: tackling missing data due to dropouts
when estimating the true mean treatment 
difference for the endpoint of interest (CFB at wk 6)
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• Hazard Ratio: difficult to interpret under commonly encountered non-
proportional hazards (resulting in analysis without clear estimand)

• Restricted Mean Survival Time (RMST) difference: δ 𝜏𝜏 = ∫0
𝜏𝜏 𝑆𝑆𝐴𝐴 𝑡𝑡 − 𝑆𝑆𝐵𝐵 𝑡𝑡 𝑑𝑑𝑡𝑡

Important: τ is supposed to be pre-defined for estimand and estimation; 
however, in practice, τ is data-depndent, creating misalignment with ICH E9(R1) 

• Geometric Mean Survival Time (GMST) ratio [or, simply, “Time Ratio”]
Treatment difference in mean log survival time: 𝛿𝛿 = 𝐸𝐸 𝑙𝑙𝑑𝑑𝑙𝑙 𝑇𝑇𝐴𝐴 − 𝐸𝐸 𝑙𝑙𝑑𝑑𝑙𝑙 𝑇𝑇𝐵𝐵
Time Ratio [TR]: 𝛾𝛾 = 𝑒𝑒𝑒𝑒𝑑𝑑 𝛿𝛿
1) TR = 1.25 ⇒ patients survive 25% longer on test vs. control trt, on average
2) TR is a causal estimand without need for a proportional hazards assumption
3) TR can be estimated using parametric AFT model fits with model averaging* 

(*Mehrotra and Marceau West; 2020, Statistics in Medicine) 

Opportunities for Stronger Alignment with ICH E9(E1)
Estimands/Estimation for Time-to-Event Endpoints
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Support for AFT model over PH model: David Cox quote extracted 
from 1994 interview with Nancy Reid (Statistical Science)



Primary Supplemental

Opportunities for Stronger Alignment with ICH E9(E1)
Estimands/Estimation for Personalized Medicine

5-STAR paper (2020, Stats in Med)
Mehrotra and Marceau West

Baseline risk-based subgroups identified using treatment-blinded algorithm

TR: time ratio            HR: hazard ratio 13



Conclusions

• Uptake/impact of ICH E9(R1) thus far has been [mostly] as anticipated
– Increased efforts towards aligning trial objectives, design and analysis
– Reporting of estimands in leading medical journals
– Some analyses (e.g., MMRM) still misaligned with stated estimands
– Expanding research literature on estimands (mostly good, some confusing)
– Abundant enthusiasm across formed estimand working groups

• Examples of areas needing stronger alignment with ICH E9(R1)
– Sensitivity analyses to evaluate robustness of assumption-driven conclusions
– Estimands/estimation for time-to-event endpoints (alternatives to HRs)
– Estimands/estimation for personalized medicine
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Lu et al (2013, Statistics in Medicine); interpretation of the sensitivity parameter (β) can be challenging

Principal Stratum Estimand: HIV Vaccine Example
Estimand-aligned primary and sensitivity analysis

primary analysis

← sensitivity analysis →

 Vaccine Placebo 

Number randomized   

Number HIV infected   

Proportion infected   

Viral load set-points of 
infected subjects 
(log10 copies/ml) 

  

 

Estimand
δVL = true between-treatment difference 
(placebo – vaccine) in mean viral load set-
point among those who will become HIV 
infected regardless of treatment assignment
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