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SESSION PROPOSAL 23
ANALYSIS OF COMPLEX TIME-TO-EVENT ENDPOINTS IN CLINICAL TRIALS
Lu Mao, Biostatistics and Medical Informatics, University of Wisconsin-Madison

Description of Session:
Time-to-event data comprise the majority of efficacy endpoints in comparative clinical trials. Yet standard methods,
such as Kaplan—Meier curve, log-rank test, and Cox proportional hazards model, often prove inadequate in
addressing the complexities of today’s medical research. For example, how do clinicians balance long-term survival
benefits with the short-term side effects commonly associated with radiotherapy and surgical technology? Can
statisticians tailor their estimation and testing strategies to anticipate delayed treatment effect, which is the norm in
immunotherapy trials? Is there an optimal way to randomize patients based on individual characteristics while
maintaining correct type I error? With recurrent events like hospitalization looming large in chronic disease trials,
how should we measure the treatment effect on them if patients in one arm live substantially longer than those in the
other? In this invited session, four biostatisticians will share their most recent research on these challenging topics.
The methodological novelty and practical relevance of their new proposals will likely appeal to statisticians as well
as practitioners. The titles and abstracts of the talks are provided below.
Chen Hu (huc@jhu.edu) Title: Use of benefit-risk process to synthesize multiple survival endpoints in oncology
clinical trials
In the recent decades we have witnessed accelerated advancements in radiotherapy and surgical technology and
delivery in multi-modality cancer treatment. Those novel technology and delivery are often developed under the
hypothesis that they would reduce side effect, improve quality of life and short-term treatment outcomes, while at
least maintaining if not improving the long-term efficacy like overall survival. In this talk, we will discuss the
challenges in the design and analysis of these trials, and a proposal of using benefit-risk process to synthesize
multiple endpoints to address some of these issues. Statistical inference tools, e.g., hypothesis testing and regression
methods will be discussed and applied in oncology trials.
Rick Chappell (chappell@biostat.wisc.edu)
Title: Window Mean Survival Time: balancing efficiency with interpretability in immunotherapy clinical trials
testing
We propose a class of alternative estimates and tests to restricted mean survival time (RMST) which improves power
in numerous survival scenarios while maintaining a level of interpretability. The industry standards for interpretable
hypothesis tests in survival analysis, RMST and logrank tests (LRTs), can suffer from low power in cases where the
proportional hazards assumption fails. In particular, when late differences occur between survival curves, our
proposed estimate and class of tests, window mean survival time (WMST), outperforms both RMST and LRT
without sacrificing interpretability, unlike weighted rank tests (WRTs). WMST has the added advantage of
maintaining high power when the proportional hazards assumption is met, while WRTs do not. With testing methods
often being chosen in advance of data collection, WMST can ensure adequate power without distributional
assumptions and is robust to the choice of its restriction parameters. Functions for performing WMST analysis are
provided in the survWM2 package in R.
Ting Ye (tingye1@uw.edu)
Title: Covariate-adjusted robust tests for treatment effect in survival analysis
Covariate-adaptive randomization is popular in clinical trials with sequentially arrived patients for balancing
treatment assignments across prognostic factors that may have influence on the response. However, existing theory
on tests for the treatment effect under covariate-adaptive randomization is limited to tests under linear or generalized
linear models, although the covariate-adaptive randomization method has been used in survival analysis for a long
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time. Often, practitioners will simply adopt a conventional test to compare two treatments, which is controversial
since tests derived under simple randomization may not be valid in terms of type I error under other randomization
schemes. We derive the asymptotic distribution of the partial likelihood score function under covariate-adaptive
randomization and a working model that is subject to possible model misspecification. Using this general result, we
prove that the partial likelihood score test that is robust against model misspecification under simple randomization is
no longer robust but conservative under covariate-adaptive randomization. We also show that the unstratified
log-rank test is conservative and the stratified log-rank test remains valid under covariate-adaptive randomization.
We propose a modification to variance estimation in the partial likelihood score test, which leads to a score test that is
valid and robust against arbitrary model misspecification under a large family of covariate-adaptive randomization
schemes including simple randomization. Furthermore, we show that the modified partial likelihood score test derived
under a correctly specified model is more powerful than log-rank-type tests in terms of Pitman's asymptotic relative
efficiency. Simulation studies about the type I error and power of various tests are presented under several popular
randomization schemes.
Lu Mao (lmao@biostat.wisc.edu)
Title: Analyzing recurrent event in the presence of death by while-alive event rate
Measuring the treatment effect on recurrent event like hospitalization in the presence of death has long challenged
statisticians and clinicians alike. Traditional inference on the cumulative frequency unjustly penalizes survivorship as
longer survivors also tend to experience more events. Expanding a newly floated concept of "while-alive" event rate,
we consider a general class of such estimands that adjust for the length of survival without losing causal
interpretation. Given a user-specified loss function that allows for arbitrary weighting, we define as estimand the
average loss experienced per unit time alive within a target period and use the ratio of this loss rate as a measure of
effect size. Scaling the loss rate by the width of the corresponding time window gives us an alternative, and
sometimes more photogenic, way of summarizing the data. To make inference, we construct a nonparametric
estimator for the loss rate through the cumulative loss and the restricted mean survival time, and derive its influence
function in closed form for robust variance estimation and testing. As simulations and analysis of real data from a
heart failure trial both show, the while-alive approach corrects for the false attenuation of treatment effect due to
patients living longer under treatment, with increased statistical power as a result. The proposed methods are
implemented in the R-package WA, publicly available from the Comprehensive R Archive Network (CRAN).
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