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Talk 1: Introduction - Current Practice in Regulatory Trials with Case Studies, and

the FDA Covariate Adjustment Guidance in Practice (David Wright / Sarwar

Mozumder)

Following the recent release of the final FDA guidelines on covariate adjustment and other

developments, such as the introduction of digital twins (or synthetic/super covariates),

researchers are being encouraged to be more transparent about the estimand of interest to

inform the implementation of covariate-adjusted analyses. In this introduction to the session

we will set the scene by presenting some case studies of regulatory interactions/feedback

that contradict or are misaligned with the recently released FDA guidelines on covariate

adjustment. These will be motivated by real interactions. In particular, we will highlight

where there may be confusion between the target estimand and estimation method in

communication with respect to studies that adjust for further baseline prognostic factors to

improve efficiency.

Talk 2: Marginal Hazard Ratios and Covariate Adjustment – A Causal Inference

Perspective (Rhian Daniel)

Some issues around covariate-adjusted estimation of conditional and marginal hazard ratios

will be introduced from a causal inference perspective. This includes the non-collapsibility of

the hazard ratio and other challenges around its causal interpretation (the so-called 'hazard

of hazard ratios') as well as the impossibility that the proportional hazards assumption holds

both marginally and conditional on covariates. As is increasingly understood, the hazard

ratio suffers from an 'in-built selection bias' in the sense that its interpretation is conditional

on survival to time t (post-baseline) and in the presence of a non-null treatment effect,

those patients who survive to time t are not comparable across treatment arms. Those

surviving longer in the treatment arm—assuming a treatment benefit—tend to be frailer

compared to those surviving longer in the control arm. The arguments against the reliance



on hazard ratios as a single summary measure are not new and have been extensively

discussed in the literature. These points will be presented and summarised in this talk.

Talk 3: Estimation in the context of Covariate Adjustment, Model-free Summary

Measures, and Alternatives to the Marginal (Average) Hazard Ratio (Dominic

Magirr & Sanne Roels)

We will then discuss estimation methods with and without covariate adjustment and

highlight considerations around model-misspecification.

For randomized clinical trials with time-to-event endpoints, proportional hazard models are

typically used to estimate treatment effects and log-rank tests are commonly used for

hypothesis testing. The summary measure of the primary estimand is frequently a hazard

ratio. However, there is growing support for replacing this approach with a model-free

summary measure and assumption-lean analysis method—a trend already observed for

continuous and binary endpoints. One alternative is to base the analysis on the difference

in restricted mean survival time (RMST) at a specific timepoint, a single-number summary

measure that can be defined without any restrictive assumptions on the outcome model. In

a simple setting without covariates, an assumption-lean analysis can be achieved using

nonparametric methods such as Kaplan-Meier estimation. The main advantage of moving to

a model-free summary measure and assumption-lean analysis is that the validity and

interpretation of conclusions do not depend on the proportional hazards (PH) assumption.

The potential disadvantage is that the nonparametric analysis may lose efficiency under PH.

There is disagreement in recent literature on this issue, with some studies indicating similar

efficiency between the two approaches, while others highlight significant advantages for PH

models.

We present asymptotic results and a simulation study to clarify the conflicting results from

earlier research. We characterize those scenarios where relative efficiency is close to one,

and those where it isn’t. Several illustrative examples are provided.

Several other estimation techniques exist for estimating marginal effects, including G-

computation but also targeted learning. While both methods have a favourable marginal

interpretation while using covariates, G-computation is only singly robust (i.e., robust to

model misspecification of the outcome model), vis-a-vis targeted learning, which is doubly

robust (also robust against misspecification of the treatment allocation model). These

methods are illustrated while focusing on the summary metric, which is different from the

well-known hazard ratio.

Talk 4: Ensuring covariate adjustment methods are fit for use (Tim Morris) 

For continuous and binary outcome measures, methods for covariate adjustment are

relatively mature in the sense that we can plan to use them with some confidence. This is

less true with time-to-event outcomes. We will touch on some practical challenges to be

understood to make informed decisions about covariate-adjustment methods.

Discussion Panel: Thoughts from A Regulator’s Perspective – What are the

Expectations? (Speaker: TBC – Regulatory.)

To conclude the session, a regulatory statistician representative (TBC) will present the

current standpoint of their respective authority on the continued use of hazard ratios in

consideration of the talks above. This will be the prelude to the discussion panel. The panel

will consist of academic, industry and regulatory statisticians (from those that presented

above and additional members from other regulatory bodies). Some of the issues

highlighted in the talks, and how we can address these moving forward will be discussed.

We will elicit concerns and questions before the conference that will be put forward to the

panel. This will help build alignment on what is the most sensible approach, what should we

be concerned about in practice, and finally, does it matter, and if not, when does it not?




