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ICH E9(R1): Principal Stratum Strategy

“... The target population might be taken to be the “principal stratum” [...] in which 

an intercurrent event would occur. Alternatively, the target population might be 

taken to be the principal stratum in which an intercurrent event would not occur. 

The clinical question of interest relates to the treatment effect only within the 

principal stratum. ...”

Example

“... a toxicity might prevent some patients from continuing the test treatment, but 

it would be desired to know the treatment effect among patients who are able to 

tolerate the test treatment. ...”
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Principal Stratum Effect: Definition
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Patients randomized to test treatment

Patients randomized to control treatment



Principal Stratum Effect: Definition
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Patients randomized to test treatment



Principal Stratum Effect: Definition
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Patients randomized to test treatment

Patients with toxicity

(on test treatment)

Patients without toxicity

(on test treatment)



Principal Stratum Effect: Definition
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Patients randomized to test treatment

Patients with toxicity Patients without toxicity

Comparison

of interest

Patients randomized to test treatment without

toxicity, had they received the control treatment

vs



Analysis 1: Not targeting principal stratum effect
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Patients randomized to test treatment

Patients randomized to control treatment
vs



Analysis 2: Not targeting principal stratum effect
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Patients randomized to test treatment

vs
Patients randomized to control treatment



Analysis 3: Not targeting principal stratum effect
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Patients randomized to test treatment

vs



Some possible assumptions for
estimation of principal stratum effects
 No assumption
 Proportion of patients with toxicity on test treatment can be estimated: Best/worst case

scenario on correct group of control patients

 Weak assumptions
 Scientific model with weakly informative prior information

 Monotonicity
 Patients with toxicity on control arm would also have had a toxicity on treatment arm then

best/worst case scenario on correct group of control patients

 Principal ignorability
 All patient characteristics predictive of outcome on control treatment & toxicity on test

treatment Match, adjust, weight control arm patients to find „right control group“

 Unverifiable assumptions  Scientific understanding & Sensitivity Analyses
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Practical Relevance
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Outcomes: progression-free survival, overall survival

Intercurrent event: Treatment discontinuation due to AE
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Outcomes: overall survival

Intercurrent event: Development of ADAs
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Outcomes: Major cardiovascular events (MACE)

Intercurrent event: hsCRP response at month 3
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Outcomes: Overall survival

Intercurrent event: low trough drug concentration in cycle I
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Outcome: Tumor Gleason 

grade >= 7 (binary)

Intercurrent event: 

Development of prostate

cancer



16 years later...
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Outcome: Confirmed disability progression (binary)

Intercurrent event: Relapse



Summary

 Many examples of practical relevance in drug development

 Often not related to primary objective of the trial

 But important follow-up questions to characterize how the treatment effects vary

across subgroups defined by intercurrent events

 Can have implications on how a drug is used in practice and labeling
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Conclusions

 Principal stratum strategy in these situations

 complex question  complex analysis

 but more appropriate analyses (more transparent & plausible assumptions)

 with principal stratum strategy at least clear „what to estimate“

 avoid „simple analyses“ with unclear interpretation (likely to get interpreted incorrectly)

 Assumptions needed and may be very situation specific (no default approach)

 Need for scientific basis of assumptions

 Need to perform sensitivity analyses

 Directly modifying assumptions
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Thank you



ICH E9(R1) guideline: 
Intercurrent Events (IE)

“... Events occurring after treatment initiation that affect either the 

interpretation or the existence of the measurements associated with the 

clinical question of interest. ...”
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ICH E9(R1): Intercurrent event
strategies to define estimand

 Treatment policy

 Effect regardless of IE  IE becomes part of „treatment attribute“

 Hypothetical

 Effect in hypothetical scenario where IE would not occur

 Composite

 Effect on a composite variable, where IE is part of the variable

 While-on-treatment

 Effect up to IE is considered of interest (modifies variable, i.e. observation time per 

patient)
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Markdown file to example R 
implementations

 https://oncoestimand.github.io/princ_strat_drug_dev/princ_strat_example.html

 See https://arxiv.org/pdf/2008.05406.pdf for more details
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