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First, some notation

• T : Time to event
• A ∈ {0, 1} : Treatment group indicator, A = 1 denotes treatment and A = 0

denotes control
• Z ∈ {0, 1} : Baseline covariate of interest, e.g., a biomarker

• Sj(t) : Survival function for each treatment A = j, for j = 0, 1
• τ : A given time of interest

•
∫ τ

0 S(t)dt : Restricted mean survival time (RMST)

Marginal treatment effect ∫ τ

0
S1(t)dt −

∫ τ

0
S0(t)dt,

i.e., we are interested in the difference of restricted mean survival times.
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Let’s simplify and clarify a bit

Consider the RMST directly as E(T ):

E(T | A = 1) − E(T | A = 0)

We are interested in adjusting for the covariate Z.

We can think of two different measures of the treatment effect adjusting for Z:

1.
E(T | Z = z, A = 1) − E(T | Z = z, A = 0),

e.g., using the coefficient of the treatment variable A in a Cox model that
includes Z and A ⇝ conditional effect

2.
EZ [E(T | Z, A = 1)] − EZ [E(T | Z, A = 0)] ,

the average treatment effect, averaging over the covariate Z ⇝ marginal effect
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A brief reminder on sample size

To calculate the sample size needed for a clinical trial, we need to anticipate:

1. α level

2. Power 1 − β

3. Treatment effect

4. Variance of the treatment effect estimator
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How do we compute the sample size for the marginal treatment effect?

We need to obtain estimates for the marginal treatment effect and its corresponding
variance.

1. Calculating the sample size accounting for an analysis that does not adjust for
covariates1:

E(T | A = 1) − E(T | A = 0)

2. Calculating the sample size accounting for an analysis that adjusts for the
covariate Z:

EZ [E(T | Z, A = 1)] − EZ [E(T | Z, A = 0)]

First objective of the thesis
Approach to calculate the sample size in survival trials targeting a marginal effect
adjusting for a covariate.

1FDA guideline (2023). Adjusting for covariates in randomized clinical trials for drugs and biological products:
Guidance for industry
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Estimation of the marginal treatment effect adding the covariate (I/II)

We want to estimate the adjusted marginal treatment effect:

∆Z =
∫ τ

0
S1,Z(t)dt −

∫ τ

0
S0,Z(t)dt

We estimate the covariate-averaged survivals:

∆̂Z =
∫ τ

0
Ŝ1,Z(t)dt −

∫ τ

0
Ŝ0,Z(t)dt

• For such estimators we use the fact that S(t) = e−Λ(t)

• Ŝj,Z(t) = e−Λ̂j,Z (t), where Λ̂j,Z(t) is an estimator of the marginal cumulative
risk functions (next slide)
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Estimation of the marginal treatment effect adding the covariate (II/II)

The estimator Λ̂j,Z(t) that we plan to use is a doubly robust estimator 2:

• It combines two estimating strategies:

1. Outcome model: Treatment-stratified Cox model with the covariate

2. Treatment assignment model: Inverse probability of treatment weighting
(IPTW) using a logistic regression with the covariate

• Consistent if either of the two models is correctly specified

2Zhang and Schaubel (2012). “Contrasting treatment-specific survival using double-robust estimators”.
Statistics in medicine 31.30, pp. 4255–4268
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Variance of the marginal treatment effect estimator

Var(∆̂Z) = IPTW model + Cox model Score and Fisher’s information matrix
+ Cox model distribution + Censoring distribution + Augmentation term

The terms depend on:
• Covariate distribution ⇝ unknown!
• Censoring distribution ⇝ unknown!

Maria Lee Alcober Universitat Politècnica de Catalunya 8 / 10



The proposal

Treatment

Control

Interim analysis Final analysis

Time
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The proposal

Treatment

Control

Interim analysis Final analysis

TimeInitial sample size
calculation Variance estimation

Sample size recalculation
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Next steps

• How can we estimate the different terms of the variance ⇝ explore different vari-
ance estimators

• Which terms can be updated with a blinded approach

• Which terms can be updated with an unblinded approach

• Keep reading and having fun! :)
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Thank you for your attention!
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