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The development of a new drug is conducted through a series of clinical trials. As the first step
of premarketing clinical trials, phase I clinical trials are conducted to investigate safety and
pharmacokinetic (PK) characteristic of the drug in human, typically in healthy volunteers. The
efficacy of the drug is then assessed for patients in phase II clinical trials. Lastly, a phase IiI
clinical trial is conducted to confirm the efficacy and safety of the drug in a target population of
patients. In the drug development, it is important to comprehend PK characteristics of the drug for
the target patient population. Especially, factors possibly causing systematic variability in PK
characteristics, such as body weight, renal/hepatic fanctions, primary disease, region and ethnicity,
should be identified, and these factors should be taken into consideration in adjustiment of the dose
of the drug. For exploring the systematic variability, the population PK analysis is usually

implemented using data on these factors from phase I and/or 111 clinical trials.

In phase I clinical trials, pharmacokinetics (PK) following the drug administration to healthy
volunteers can be thoroughly investigated for each individual based on dense PK data (e.g., tens of
blood samples sequentially collected from each individual). In phase I and I clinical trials, PK
data are collected with the objective to understand the systematic vartability of PK in the target
patient population, However, because of ethical and other considerations, relatively few samples
per patient, which yields sparse PK data, can be obtained from each patient in the phase 11 and HI
clinical trials. This often makes it difficult to estimate the PK parameters using the sparse data
alone. One effective approach to address this issue is to borrow the strength from the dense PK
data obtained from the healthy volunteers in the past phase [ clinical trials under the assumption of

exchangeability between these two datasets.

In this thesis, we firstly present an application of a conventional analytical approach that
simply analyzes a combined data of the sparse PK data from patients and the dense PK data from
healthy volunteers for a new drug under development, pregabalin, in order to assess effectiveness
of this approach. The data used for this population PK analysis were obtained from 14 clinical
studies. The analysis provided an accurate estimation of the relationship between pregabalin
clearance and renal function (creatinine clearance) in patients. A model validation suggested

adequacy of the model to interpret PK characteristics in patients with sparse PK data.
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To cope with potential bias due to the violation of the exchangeability assumption, we
secondly present an application of the Bayesian approach using prior distributions elicited from the
dense PK data from healthy volunteers. Specifically, we proposed to apply power priors to each of
the PK parameters. This allows discounting the information from the dense PK data in specifying
the prior distribution for each PK parameter. We conducted a simulation study to explore optimal
weights in terms of estimation accuracy, comprised of estimation bias and precision, for each PK
parameter under possible violations of the exchangeability assumption. The optimal weights
ranged from 0.2 to 1.0 when the exchangeability assumption was held. On the other hand, the
optimal weights ranged from 0.2 to 0.5 when the exchangeability assumption was violated.

The Bayesian method with the proposed information sharing has the potential to serve as
a general framework of the population PK apalysis for the target patient population that
effectively incorporates earlier clinical trial data from health volunteers. Further studies,

including assessment in more complex PK models, are warranted toward the establishment

of the proposed method in the population PK analysis.
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