
Assurance methods for 
designing a survival trial with a 

delayed treatment effect

James Salsbury¹, Jeremy Oakley¹, Steven Julious², Lisa Hampson³
¹School of Mathematics and Statistics, The University of Sheffield

²School of Health and Related Research, The University of Sheffield
³Novartis Pharma AG, Basel, Switzerland



Outline
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• Delayed treatment effects

• Elicitation and calculating assurance with delayed treatment effects
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What is assurance?

• Power is 
“The probability of a trial being “successful” given a difference exists” 

• However, this is conditional. Can we do better?
• If we obtain a prior distribution (instead of assuming takes a fixed 

value), and integrate over this prior distribution then this probability is now 
unconditional

• This is called an assurance calculation¹
• Assurance is also known as expected power, average power, predictive 

power, probability of success etc..
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¹O'Hagan, Anthony & Stevens, John & Campbell, Michael. (2005). Assurance in clinical trial design. Pharmaceutical Statistics. 4. 187 - 201. 10.1002/pst.175. 



• Two ways:
1. Analytically 
2. Through simulations:

How do you calculate assurance?

Obtain distributions for the 
parameters of interest 

(𝜃, 𝜇, 𝜎 )

Sample values from these 
distributions

Assurance is then estimated as 
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Probability of Success (PoS) at Novartis
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Delayed Treatment Effects

• A survival trial in which the control and treatment survival arms follow the 
same trajectory for some time, , at which time they separate
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Checkmate 017
(Nivolumab versus 

Docetaxel in 
Advanced Squamous-
Cell Non–Small-Cell 

Lung Cancer)

This phenomenon is known as 
delayed treatment effects 

(DTEs) and is a form of non-
proportional hazards (NPHs)



Checkmate 017

Checkmate 141
Checkmate 017 & 

Checkmate 057 
(combined)
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What makes DTEs hard?

• In design:
• When are the curves going to separate? 
• If we don’t account for the delay, we lose power
• When to plan for interim analyses?

• In analysis:
• Proportional hazards are violated, how to account for this? 
• Weighted log-rank test, RMST etc..
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Parameterisation

•

•
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Elicitation

• We have five unknown parameters in our parameterisation: and 
• How do we elicit beliefs about these parameters?
• For and :

• We can use historical data (RBesT¹)
• Ren and Oakley (2014)² consider eliciting Weibull parameters

• For :
• We can ask questions directly about the length of delay

• For and :
• We can ask questions such as:

• Median survival time on experimental treatment
• Survival probability at time 
• Hazard ratio at time 

¹Weber S, Li Y, Seaman JW, Kakizume T, Schmidli H (2021). “Applying Meta-Analytic-Predictive Priors with the R Bayesian Evidence Synthesis Tools.” _Journal of Statistical Software_, *100*(19), 1-32. doi: 10.18637/jss.v100.i19
²Ren S, Oakley JE. Assurance calculations for planning clinical trials with time-to-event outcomes. Stat Med. 2014;33(1):31-45. doi:10.1002/sim.5916.
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Elicitation – hazard ratio

• The hazard ratio is:

• We observe that after the delay, the hazard ratio seems to be constant

Slide 11



Checkmate 017

Checkmate 141
Checkmate 017 & 

Checkmate 057 
(combined)



Elicitation – hazard ratio

• The hazard ratio is:

• We observe that after the delay, the hazard ratio seems to be constant
• We incorporate this into the parameterisation by setting 
• The post-delay HR ( ) is now 

• We are able to indirectly elicit beliefs about by asking questions about 
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Elicitation methods - SHELF

• How do you actually elicit beliefs from experts? Non-trivial..
• SHeffield ELicitation Framework (SHELF)¹ is a package of documents, 

templates and software to carry out elicitation of probability distributions 
for uncertain quantities from a group of experts

• Two (most) common ways of elicitation are:
1. Trial roulette method
2. Quantile method

• Both then involve a least squares fit to a standard parametric distribution 
(usually)
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¹Oakley JE, O'Hagan A. SHELF: the Sheffield elicitation framework (version 2.0), School of Mathematics and Statistics, University of Sheffield, 2010 (http://www.jeremy-oakley.staff.shef.ac.uk/shelf/).



Calculating assurance

• Once we have distributions for control, and ∗ we can use these to calculate 
assurance

• For 
• Simulate control data from 
• Sample ∗ from , ∗

• Simulate treatment data from ∗

• Simulate a clinical trial using control and treatment data
• If trial successful then otherwise

• End for

• Assurance is

Interim analyses (futility, efficacy..), 
choice of analysis (weighted log-rank 

test, RMST..) can be changed here
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DTE Shiny App (1/3)
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DTE Shiny App (2/3)
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DTE Shiny App (3/3)
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DTE assurance paper
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