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Genetic information related to therapeutic medicine in individuals is utilized to provide appropriate therapies and
predict drug-induced adverse effects in clinical settings. Genetic variants of drug-metabolizing enzyme genes can alter
enzyme activity, thereby affecting drug concentrations in the body. Higher drug concentrations may lead to adverse effects.
Therefore, incorporating pharmacogenomic (PGx) information into the package inserts of medications promotes the
implementation of personalized medicine based on the results of genetic testing.

The purpose of the present study was to enhance PGx information for approved drugs that lack data on the impact of
genetic variants on pharmacokinetics using in silico methods. In addition, we proposed a method for incorporating
simulated PGx information into package inserts.

In Japan, only three genetic tests are covered by insurance: uridine diphosphate glucuronosyltransferase 141
(UGT1A41) for irinotecan, nudix hydrolase 15 (NUDTI15) for thiopurine drugs, and cyfochrome P450 (CYP) 2C9 for
siponimod. In the United States, 149 FDA-approved medications include PGx information related to their impact on drug
concentrations. In the European Union, 20 EMA-approved medications include PGx information in their product
information. PGx information regarding drug concentration is more advanced in the U.S. compared to other countries, and
genetic test results are highly utilized in clinical practice. Therefore, expanding PGx information concerning drug
concentrations is essential for promoting personalized medicine based on genetic test results.

Currently, physiologically based pharmacokinetic (PBPK) models are commonly used to simulate the impact of in
vitro pharmacokinetic data. For accurate pharmacokinetic predictions using PBPK models, it is important to evaluate how
various substrates of drug-metabolizing enzymes are affected by alterations in enzyme function caused by genetic variants.
The effects of CYP2C93 and UGT1A16 were evaluated. For the six substrates of CYP2C9, the intrinsic clearance by
CYP2C9.3 was reduced to 20—-60% of that by CYP2C9.1, and the extent of the activity alteration depended on the substrate.
For the five substrates of UGT1A1, intrinsic clearance by UGT1A1.6 was reduced to 40-70% of that by UGT1A1.1, and
the impact of activity alteration did not differ across substrates. Thus, the in vivo impact of genetic variants should be
assessed for their use in PBPK pharmacokinetic simulations.

A simplified PBPK model was used to predict the effects of genetic variants of drug-metabolizing enzymes on the
substrates of four enzymes: CYP2C9, CYP2C19, CYP2D6, and CYP3A4. Input values (e.g., absorption, systemic
circulation, hepatic metabolism, etc.) were adjusted to reproduce the reported plasma concentrations of each enzyme’s
substrate. The hepatic intrinsic clearance was modified based on the metabolic contribution of each enzyme and the change
in enzyme activity due to genetic variants. Drug concentrations in blood and liver were simulated for both single and
repeated administrations. The simulated blood concentrations of the substrate drugs were consistent with those reported
for Asian populations. Our simplified PBPK model accurately predicted drug concentrations in individuals with genetic
variants.

We also proposed that appropriate characteristics for predicting the impact of enzyme variants on pharmacokinetics
include a high in vivo metabolic elimination rate in the blood, a high contribution ratio of the enzyme to substrate
metabolism, and a significant reduction in enzyme activity due to genetic variants.

Based on our findings, we propose a method for describing the pharmacokinetic impact of genetic variants of drug-
metabolizing enzymes in electronic package inserts. The impact was categorized by the degree of change in the area under
the concentration—time curve (AUC) of the substrate drug as simulated using the PBPK model. These effects are considered
comparable to those of drug—drug interactions. In patients with genetic variants, AUC increases greater than fivefold and
between two- and five-fold compared to wild-type were classified as "strong and "moderate effects," respectively. Our
proposal was published as white paper in Drug Metabolism and Pharmacokinetics.

In conclusion, we developed a scheme to predict the impact of genetic variants of drug-metabolizing enzymes on drug
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concentrations. Furthermore, we proposed a method for incorporating these predicted effects into package inserts. These
findings and proposals can contribute to the enhancement of PGx information in clinical practice, and promote the

implementation of personalized medicine based on genetic testing.



