Statistical Monitoring of Clinical Trials with Time-to-event Endpoint: Conditional Power, Interim
Forecasting and Application on a Case Study
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Introduction

An important aspect in the design of a randomized clinical trial is the planning of analyses of outcome
performed on accumulating data while the study is in progress, i.e., interim analyses, a common approach to
ensure trial adaptivity for ethical and scientific motivations [1]. There are standard and novel statistical
methods employed in interim analyses. Standard methods refer to the group sequential approach, whose
objective is to monitor the study in terms of early efficacy or early futility by controlling the inflation of the
probability of type | error and stopping the trial if early efficacy or early futility is detected. Widely used
approaches in this area are the alpha-spending function and the Conditional Power (CP). However, in
calculating both, the information fraction at each interim and at the final analysis should be correctly
approximated. From this perspective, planning and executing the interim scheme in clinical trials with time-to-
event endpoints (CTTE) is challenging since the information fraction and target sample size are function of
the numbers of events and not simply of the number of patients enrolled. Therefore, it is crucial that the study
provides sufficient follow-up to observe the number of events necessary to preserve the power and the
information levels established at the design stage, especially in a maximum duration trial [2]. Given these
challenges, standard methods alone are not sufficient to properly monitor a CTTE. Novel approaches were
developed to responds to these needs. They, refer, among others, to the forecast of the number of events
that will occur at a future date, called in the literature as time to endpoint maturation (TTEM), by also
considering the ongoing recruitment [3] [4]. However, in the biostatistical literature there is little attention in
forecasting the cumulative number of events (CNE) expected at a fixed future date, a well-established area of
methods in the reliability analysis literature and referred as within-sample forecasting (WSF) [5].

Objective

The objective of this work is to develop and validate a statistical model for WSF and for predicting the
TTEM in a contest of an ongoing CTTE, by providing also forecasting intervals for both the CNE expected
at a fixed future date and the TTEM. The model also takes into consideration the possibility that accrual is still
opening at the time of the forecasting. A secondary aim is to compare the developed model with CP in
terms of their ability to provide the Trial Data Analysis Committee (TDAC) with the most complete
information on the study progress and success.



Methods

We develop a forecast model in the frequentist framework starting from a modeling approach form the
reliability analysis literature and a recent and innovative work [6] [7]. The proposed model allows to derive
in a closed form the point-wise forecasting interval for the CNE and for the TTEM, assuming an exponential
distribution for time-to-events and a homogeneous Poisson process for accrual modeling. Validation of the
model was performed by sub-setting the data into four artificial interim time: the CNE at successive
interims was predicted by adding the prediction intervals and compared with the number observed. Next,
the CP under three different future trends was calculated, i.e., assuming that the null hypothesis, the
alternative hypothesis or the current trend observed so far will prevail in the remaining fraction of
information. Finally, the ability of the proposed model and the CP to address the issues related to the trial
progress is discussed.

Results

A phase Il randomized trial was analyzed at the second interim (information fraction 33%) to forecast the
CNE at the final analysis and the TTEM, after verifying that the exponential assumptions were satisfied.
Results indicated that the target number of events will be reached after two years of potential follow-up,
based on the lower limit of the 95% forecast interval for the CNE. Retrospective analysis at the artificial
interim analysis shows that the developed forecasting intervals includes all the values observed, but the
performance of the point prediction is not satisfactory as that of the intervals (Figure 1). Calculation CP under
the alternative hypothesis and the current trend shows promising results, 92% and 97% respectively.
However, the CP under the null hypothesis is equal to 17%, suggesting that the change of failing to declare
the superiority of treatment at the final analysis is not entirely ruled out.

Conclusions

In this work, we have shown the importance of integrating two different approaches for monitoring time-to-
event clinical trial, i.e., the CP and a model for WSF based on accumulating data, since they provide
complementary answers. For a maximum duration trial, the CP assume that the final analysis coincides
with the time at which the target number of events will be observed. Therefore, is important to predict both
CNE at future time and TTEM with the proper forecasting intervals. The developed model has strength and
weakness. The strength of this work is to have developed a closed form model for forecast both WSF and
TTEM in a frequentist framework, by simultaneously considering the ongoing recruitment. Limitations
relate to the assumptions of lack of dropouts, constant event rate and a homogenous Poisson process for
enrollment. These assumptions were inspired by the case example but may not be applicable to other
case studies. These limitations can be overcome with future work.
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Figure 1: forecasting interval computed at four artificial interim analysis. The yellow shade represents the
time in the future from a given cutoff. The black line is the number of events observed at each month since
trial start. For each cutoff, the forecasting intervals and the point prediction is computed for future times
and compared to the number of events observed in that times.
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