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Dissertation

Group Sequential Designs and Sample Size Determination for Comparing
Covariate-adjusted Survival Probabilities and Restricted Mean Survival Times

Group sequential (GS) designs are commonly employed in clinical trials with
censored survival data and staggered entry, in which the survival experience is
viewed sequentially and examined multiple times at interim analyses. GS clinical
trials incorporate the possibility of terminating the trial early by rejecting the null
hypothesis due to strong evidence of efficacy or accepting the null hypothesis
for futility.

In the absence of proportional hazards, alternative metrics to the hazard ratio
that can be employed to quantify the difference of two tfreatment groups in a
time scale are the difference in survival probabilities (SPs) at some fixed follow-
up fime and the difference in restricted mean survival fimes (RMSTs) limited to a
specific time window. In this dissertation, we consider two statistical methods for
analyzing GS designs that compare two treatment groups with time-to-event
outcomes and allow for interim analyses with covariate adjustment in the
presence of nonproportional hazards. The first method concerns GS procedures
for comparing two survival curves at a prespecified time point, whereas the
second method deals with GS clinical trials comparing two RMSTs up to a
restriction tfime point. Both GS methods are adjusted for baseline covariates
under a stratified proportional hazards regression model with stratum
representing treatment group. The covariate-adjusted estimates of freatment-
specific SPs and RMSTs are valid whether or not the PH assumption holds for the
treatment effect. We show that the joint distributions of repeatedly computed
Wald test statistics can be approximated by a canonical joint distribution with
independent increments. These asymptotic distributions allow for marginal
comparisons of SPs and RMSTs at multiple analyses and facilitate critical value
and power calculations for maintaining a given Type | error probability.
Simulations demonstrate that both methods meet targeted Type | error rate and
power specifications in trials with realistic sample sizes. As an application, we
illustrate the proposed covariate-adjusted GS tests using a real clinical trial
dataset from the Blood and Marrow Clinical Trials Network 1101 study. In order to
facilitate the usage of the covariate-adjusted GS methods studied in this
dissertation, we develop an R software package that will be made publicly
available for download.
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