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Challenges in the design and analysis of clinical trials — with a special focus on values below a lower
limit of quantification and (adaptive) group sequential trial designs

Randomized clinical trials are seen as the gold standard in clinical research when it comes to evidence
regarding the effectiveness and safety of a new treatment. A plethora of statistical methodology is
available for addressing different types of clinical study design and analysis. However, many open
research questions remain. In this talk, we will discuss new research results that deal with addressing
values below a lower limit of quantification (LLOQ), as they often arise in pharmacokinetic clinical trials.
Secondly, this talk will include a discussion of statistical issues related to (adaptive) group sequential
clinical trial designs, often faced in phase 3 trials.

In pharmacokinetic trials, usually in a dose escalation setting, measurements of drug concentrations
may be below a specific threshold due to technical detection limits. In such cases, we only know that
the value lies between zero and a specific threshold. Such measurements are referred to as values
below the lower limit of quantification. One frequently applied solution is the imputation of those
measurements by one half of the threshold, i.e. LLOQ/2. However, other solution strategies also exist.
Some are also based on imputing a given value, while others are rather model-based, e.g. the tobit
model. In the literature, the focus is often on descriptive or simple testing settings rather than
multivariable regression modelling. In the setting of multivariable regression modelling, we ran a
systematic simulation study comparing different statistical methods. We discuss the relevance of the
results for the application of multivariable regression modelling with LLOQ variables.

The second part of the talk deals with (adaptive) group sequential clinical trial designs and related
challenges. Group sequential trial designs allow for an early stopping of the trial and a stage-wise
inclusion of new patients. Adaptive group trials also allow for adapting the design of the study while
the study is ongoing. A frequent assumption in both study types is that outcomes are immediately
observed at the interim analysis. However, questions arise when this assumption does not hold: What
happens if delayed responses are not accounted for in the trial design and how large is the gain of
applying modified trial designs in such cases? We will discuss our findings from an extensive simulation
study addressing those questions [1].

A point of criticism regarding (adaptive) group sequential trial designs is the unblinding at the interim
analysis. Blinded interim analyses are preferred by the medical evaluation agencies. However, aiming
for an early trial stop or the adaptation of the guessed effect size influencing a sample size
recalculation, can only be addressed by designs with an unblinded interim analysis. Hence, we
introduced a new hybrid trial design. We focus on trials with a time-to-event endpoint, which usually
take a long time. The hybrid approach means that depending on the overall event number at the
blinded interim analysis, a decision is made whether to unblind the analysis with a potential early trial
stop or trial adaptations, or whether to continue blinded as originally planned. We compare three
different variants of this new trial design and discuss their design properties based on a thorough
simulation study.
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