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SESSION PROPOSAL 26
PHARMACOKINETICS AND/OR PHARMACODYNAMICS-INFORMED DOSE-FINDING DESIGNS
Yisheng Li, Department of Biostatistics, University of Texas MD Anderson Cancer Center

Description of Session:
Introduction
This session intends to bring a few speakers who are doing cutting-edge research in the area of adaptive dose-finding
clinical trial designs that incorporate pharmacokinetics (PK) and/or pharmacodynamics (PD) information.
Background
Current common dose-finding designs do not incorporate adequately the PK and/or PD information into the statistical
analysis of the data. This is deemed as one potential reason of high failure rates in phase III clinical trials, e.g., in
oncology. Thus, it is imperative to propose novel designs that make use of mechanistic PK/PD information.
Talk 1:
Speaker: Moreno Ursino
Title: Bayesian dose regimen assessment in early phase oncology incorporating pharmacokinetics and
pharmacodynamics
Abstract:
Phase I dose-finding trials in oncology seek to find the maximal tolerated dose of a drug under a specific schedule.
Evaluating drug-schedules aims at improving treatment safety while maintaining efficacy. However, while we can
reasonably assume that toxicity increases with dose, for cytotoxic drugs, the relationship between toxicity and
multiple schedules remains elusive.
We proposed a Bayesian dose regimen assessment method (DRtox) using pharmacokinetics/ pharmacodynamics
(PK/PD) to estimate the maximum tolerated dose regimen (MTD-regimen) at the end of the dose-escalation stage of a
trial. We modeled the binary toxicity via a PD endpoint and estimated the dose regimen toxicity relationship through
the integration of a dose regimen PD model (estimated through nonlinear mixed-effects models) and a PD toxicity
model. Two Bayesian approaches, a logistic model that uses a single PD value and a hierarchical model with a latent
variable considering longitudinal PD values, were considered for the PD toxicity model.
In an extensive simulation study, the DRtox outperformed traditional designs in terms of proportion of correctly
selecting the MTD-regimen. Moreover, the inclusion of PK/PD information helped provide more precise estimates
for the entire dose regimen toxicity curve; therefore, the DRtox may recommend alternative untested regimens for
expansion cohorts.
Talk 2:
Speaker: Burak Kürsad Günhan
Title: A Bayesian time-to-event pharmacokinetic model for phase I dose-escalation trials with multiple schedules
Abstract:
Conventional methods for phase I dose-escalation trials in oncology are based on a single treatment schedule only. In
more recent practice, however, there is often a need to consider more than one schedule. In principle, there are two
different designs of phase I dose-escalation trials with multiple schedules, namely simultaneous and sequential
designs. In the simultaneous design, the dose and schedule are varied simultaneously, and a dose-schedule
combination is recommended for the next cohort of patients. In the sequential design, the trial proceeds with a new
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schedule (e.g. daily or weekly dosing) once the dose escalation with another schedule has been completed. In order to
analyze both type of designs, we developed a Bayesian time-to-event pharmacokinetic model which takes explicitly
the dose amount and schedule into account through the use of pharmacokinetic principles (Günhan et al. 2020, 2021).
The model uses a time-varying exposure measure to account for the risk of a dose-limiting toxicity over time. The
dose-schedule decisions are informed by an escalation with overdose control criterion (Babb et al. 1998). The model
is formulated using interpretable parameters which facilitates the specification of priors. In simulation studies, we
compared the proposed method with existing methods for both simultaneous and sequential designs. Simulation
studies demonstrate that the proposed method yields similar or better results compared to some existing methods in
terms of recommending acceptable dose-schedule combinations, yet reduces the number of patients enrolled in most
of scenarios. The R and Stan (Carpenter et al. 2017) code to implement the proposed method is publicly available
from Github, both for the simultaneous design (https://github.com/gunhanb/TITEPK_code) and for the sequential
design (https://github.com/gunhanb/TITEPK_sequential).
Talk 3:
Speaker: Yisheng Li
Title: A semi-mechanistic dose-finding design in oncology using pharmacokinetic/pharmacodynamic modeling
Abstract: While a number of phase I dose-finding designs in oncology exist, the commonly used ones are either
algorithmic or empirical model-based. We propose a new framework for modeling the dose-response relationship, by
systematically incorporating the pharmacokinetic (PK) data collected in the trial and the hypothesized mechanisms of
the drug effects, via dynamic PK/PD modeling, as well as modeling of the relationship between a latent cumulative
pharmacologic effect and a binary toxicity outcome. This modeling framework naturally incorporates information on
the impact of dose, schedule and method of administration (e.g., drug formulation and route of administration) on
toxicity. The resulting design is an extension of the existing designs that make use of pre-specified summary PK
information (such as area under the concentration-time curve [AUC] or maximum serum concentration). Our
simulation studies show, with moderate departure from the hypothesized mechanisms of the drug action, that the
performance of the proposed design on average improves upon those of the common designs, including the continual
reassessment method, Bayesian optimal interval design, modified toxicity probability interval method, and a design
called PKLOGIT that models the effect of AUC on toxicity. In case of considerable departure from the underlying
drug effect mechanism, the performance of the design is shown to be comparable with that of the other designs. We
illustrate the proposed design by applying it to the setting of a phase I trial of a $\gamma$-secretase inhibitor in
metastatic or locally advanced solid tumors. We also provide an R package to implement the proposed design.
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