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Background

• ICH = International Council for Harmonisation of 
Technical Requirements for Pharmaceuticals for 
Human Use

• ICH E9 (Statistical Principles for Clinical Trials, 
1998)

‒ Key principles in clinical trials such as 
randomisation, double-blind, interim 
analysis, …

‒ Key role in regulatory guidance on statistical 
aspects of confirmatory clinical trials

• ICH E9 (R1) addendum (Estimands and 
Sensitivity Analysis in Clinical Trials, not yet final)
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Motivating example 1 – pharma

Design:      Double-blind, RCT of a new anti-diabetic drug (A) compared to placebo (B)

Objective: To demonstrate that A is superior to B by testing the null hypothesis 𝐻0: 𝜇𝐴 = 𝜇𝐵

Endpoint:  Change from baseline in HbA1c after 24 weeks

Conduct:    A patient may experience intolerable side effects or inefficacy on the randomly assigned 
treatment early, therefore a patient may take rescue medication.

Analysis:    What is the treatment effect of interest? 
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What is to be 
estimated?

(= estimand)

Motivating example 1 – pharma (Cont’d)
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What is a 
sensitivity 
analysis?

Primary analysis Sensitivity analyses?

ANCOVA
COMPLETE CASES
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Motivating example 2 – non-pharma

Design: Double-blind, parallel-arm, dose-titrated RCT with 3 arms (risperidone, haloperidol, placebo) in 

patients with delirium in palliative care

Objective: To determine superiority of risperidone or haloperidol (given over 3 days) relative to placebo in 

relieving target symptoms of delirium associated with distress

Endpoint: Change between baseline and the average of the last 2 observations on day 3 in delirium 

symptoms score (Nursing Delirium screening scale)

Conduct: The study drug may be discontinued if adverse effects became unacceptable, the treating 

clinician deemed the treatment ineffective, or at onset of dysphagia
5

Motivating example 2 – non-pharma (Cont’d)

What is to be estimated?

1. The effect regardless of what 
happened to the patient.

2. The effect whereby events 
such as treatment failure and 
death are considered failures.

3. The effect if all patients had 
completed their treatment.

4. The effect in patients who do 
not take rescue medication.

5. The effect observed until the 
patient went off treatment.
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ICH E9 (R1): A structured framework
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Estimand

Defining an estimand we need 1) population, 2) endpoint, 3) summary measure 
and 4) how to account for intercurrent events. 8
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Intercurrent events

Occur after treatment initiation & either prevent the endpoint to be observed or may affect its interpretation

→ Intercurrent events dealt with implicitly by the choices made about data collection and statistical analysis

→ Intercurrent events not a missing data problem (e.g. missing an assessment)
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Strategies to deal with intercurrent events

1. Treatment policy: ignore intercurrent events, the value of the variable is used regardless

2. Composite: modified definition of the outcome variable for intercurrent event(s), 

e.g. if a patient discontinues, the variable is considered a failure

3. Hypothetical: specific hypothetical outcomes, what would have happened if patient had not stopped or 
switched treatment (absence of the intercurrent event)

4. Principal stratum: restrict population of interest to stratum of patients in which an intercurrent event 
would not have happened

5. While on treatment: response to treatment prior to the occurrence of the intercurrent event is of interest
10
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Treatment policy

Estimand:
A. Population: All exposed subjects
B. Endpoint: Change from baseline to week 24 in HbA1c
C. Summary measure: Difference in means between the treatments
D. Intercurrent events: Ignored, all observed data is included irrespective.

Conduct: 
Data on all patients up to the time of the 
protocol defined primary endpoint is relevant 
for the analysis therefore continue to collect 
data after intercurrent event.

Primary analysis: 
• Analysis of covariance (ANCOVA) of all observed data in case of no intermittent missing data or
• Mixed model for repeated measures (MMRM) of all observed data in case of intermittent missing data
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Composite

Estimand:
A. Population: All exposed subjects
B. Endpoint: A binary response variable with success if change from baseline to 

week 24 in HbA1c is negative and use of rescue medication did not occur
A. Summary measure: Odds ratio of a successful response between the treatment conditions
B. Intercurrent events: Use of rescue medication is captured through the endpoint definition

Conduct: 
No need to collect data after the 
intercurrent event because not used 
in analysis.

Primary analysis: 
• Logistic regression on binary outcome (success/failure) in case of no intermittent missing data or 
• Logistic regression combined with multiple imputation under the missing at random assumption in case of 

intermittent missing data 12
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Hypothetical

Estimand:
A. Population: All exposed subjects
B. Endpoint: Change from baseline to week 24 in HbA1c
C. Summary measure: Difference in means between the treatments 
D. Intercurrent events: If use of rescue medication would not occur

Conduct: 
Data after intercurrent event not of 
interest for this hypothetical setting, 
set to missing for analysis.

Primary analysis:
• Mixed-model for repeated measures (MMRM) under the missing-at-random assumption or
• Analysis of covariance (ANCOVA) after multiple imputation
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Principal Stratum

Estimand:
A. Population: All exposed subjects who would not use rescue medication in the 

treatment period regardless of which treatment they are assigned to
B. Endpoint: Change from baseline to week 24 in HbA1c
C. Summary measure: Difference in means between the treatment conditions
D. Intercurrent events: Use of rescue medication is captured through the population of interest

Conduct:
Design the trial such that it targets patients who would not require 
rescue medication (e.g., run-in period, randomised withdrawal design)

Primary analysis:
• Straightforward as long as only subjects who would not require rescue medication over a period of 24 

weeks had been randomised, and they were followed for the entire trial duration.  
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While on treatment

Estimand:
A. Population: All exposed subjects
B. Endpoint: Change from baseline in HbA1c until use of rescue medication or end of 

treatment period, whichever comes first
C. Summary measure: Difference in means between the treatment conditions
D. Intercurrent events: Use of rescue medication through the definition of endpoint of interest

Conduct: 
No need to collect data after the intercurrent
event, measurement collected after should be 
excluded from the analysis so that the analysis 
only uses information while on treatment.

Primary analysis:

• Analysis of covariance on data collected until end-of-trial or start of rescue medication
15

Streamlined process
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Summary

FDA ICH E9 addendum offers a framework of streamlined thinking for enhanced interaction between 
clinicians, statisticians, and other relevant parties (e.g. regulatory in pharma trials)

– Some decisions should not be taken at the level of statistical analysis but instead before by defining 
an estimand

– Description of the estimand and choice of strategy are based on the clinical setting, mainly a 
clinician’s decision

– The statistician should highlight when an estimand is difficult or impossible to estimate
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Training material ICH E9 (R1) addendum

Training available on www.ich.org: 

• Module 1: summary

• Module 2: introduction, 
framework, estimands, impact on 
trial design and conduct, impact on 
trial analysis, documenting 
estimands and sensitivity analysis, 

• Module 3: generic examples
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http://www.ich.org/
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Specific estimand guidelines
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Thank you


