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Pharmacometrics is the mathematical study of pharmacokinetics, disease progression, and clinical outcomes. One
objective of pharmacometrics is to facilitate rational drug treatment in patients, also termed clinical pharmacometrics.
In this review, our clinical pharmacometric studies conducted over the last 10 years are discussed. Population phar-
macokinetic analysis using therapeutic monitoring data for levetiracetam revealed that oral clearance allometrically
scaled to both body weight and estimated glomerular filtration rate can accurately predict clinical data from patients of
various ages (pediatric to elderly) with varying renal function. Dosage adjustments based on renal function in the pack-
age information are effective in controlling the trough and peak concentrations in similar ranges. In addition, a
retrospective pharmacokinetic and pharmacodynamic study revealed that the efficacy of low-dose clobazam therapy was
significantly influenced by CYP2C19 polymorphisms. Pharmacokinetic and pharmacodynamic models were successfully
built using electronic medical information to explain retrospective international normalized ratio values of prothrombin
time before and after catheter ablation in warfarin-treated patients. Simulation studies suggest that more than 20 mg of
vitamin K, is unnecessary in the preoperative period of catheter ablation. A physiologically based pharmacokinetic
model adapted to tacrolimus pharmacokinetic data in patients who underwent living-donor liver transplantation was
constructed, and clarified that oral clearance of this drug was affected by CYP3AS5 genotypes in both the liver and intes-
tine to the same extent. In conclusion, pharmacometrics is a useful methodology for individualized and optimized drug
therapy.

Key words——pharmacometrics; population analysis; physiologically based pharmacokinetics; antiepileptic drug;
warfarin; tacrolimus
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Fig. 1. Visual Predictive Check of Levetiracetam Observed
Concentrations Compared with 100-Replication Datasets
Obtained from the Final Population Pharmacokinetic Model

The solid line shows 50th percentile and the dotted lines show 5th to 95th

percentiles. Based on Ther. Drug Monit., 38 (3), 371-378 (2016).
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Fig. 2. Simulations of Trough (A) and 2-h Post-dosing Concentrations (B) of Levetiracetam in the 100-Replication Datasets in a
Typical Patient with Body Weight of 70 kg Based on the Final Population Pharmacokinetic Model

*p <0.05, **p<0.01 and ***p < 0.001 against the case with 100 mL/min/1.73 m? of estimated glomerular filtration rate (¢GFR) and 1500 mg bid by the

Kruskal-Wallis followed by Dunn’s test. Each shaded area shows the 50% concentration range in the case of with 100 mL/min/1.73 m? of eGFR and 1500 mg bid.

Based on Ther. Drug Monit., 38(3), 371-378 (2016).
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Fig. 3. Clobazam Metabolic Pathway
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Fig. 4. Relationships between the Seizure Reduction Rate and the Serum Concentrations of (A) Clobazam (CLB) and (B) N-des-

methyl Clobazam (N-CLB)

Each symbol represents an individual patient, and each bar shows the median. Closed circles indicate CYP2C19 PM, and open circles indicate CYP2C19 EM or
IM. p-values were obtained using the Kruskal-Wallis test, followed by Dunn’s multiple comparison test. Based on Eur. J. Clin. Pharmacol., 71(1), 51-58 (2015).
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Fig. 5. Pharmacokinetic/Pharmacodynamic Model of Warfarin and Vitamin K,

Cp; and Cp; represent the plasma concentration of warfarin and vitamin K, respectively; Vd; and Vd; represent the distribution volume; and k;y and k3,
represent the first-order elimination rate constant for each drug. The zero-order synthesis and first-order degradation rate constant for clotting factors are shown as
ks and kg, respectively, and ICsy, E,.c and ECsy represent 50% inhibitory concentration of warfarin, maximum effect of vitamin K, and 50% effective concentration
of vitamin K,, respectively. Based on J. Pharm. Health Care Sci., 2, 17 (2016).
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Fig. 6. Effect of Vitamin K, Doses on the INR Transition in the Perioperative Period in a Typical Patient with Normal (A) or
Decreased Renal Function (B)

A typical patient with body weight of 50 kg was administered warfarin and vitamin K,. In each simulation, the maintenance dose of warfarin was set to 3 mg/d
and was stopped on day — 1, and loading of 5 mg/d was carried out twice after catheter ablation, followed by the maintenance dose of 3 mg/d. Vitamin K, was ad-
ministered before catheter ablation up to 3 times 20 mg each as total of 0 to 60 mg. Continuous, dashed, dash-dotted and dotted lines show the administration of 0,
20, 40 and 60 mg of vitamin K, respectively. Based on J. Pharm. Health Care Sci., 2, 17 (2016).

5 PT-INR IZSENEUCDEMN O H o272, 7 VI D CYP3A4 %> CYP3AS 12 & D R# 2217,
WV aAF =V KRR 35 =)L ORI 5 ERRE - ERNEEDIEREICKEWNZ®, TDM IZ
SHEEL PT-INR Z2E=4Y 27 L, LEITR K 5HGEFAENDAEDERTH .Y HEHIZZ
CTUNT 7 D EWHETDHEDOD DT ENRE NET, EERIFBHEEELED TDM 55— 2 W&
N7z LMY B REMANTIC K > T, BAEE D B 5ol &
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Fig. 7. Top-down, Bottom-up, and Middle-out Approaches in Pharmacometrics
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Fig. 8. Physiologically Based Pharmacokinetic Model-simulated Median Clearance (CL), Bioavailability (F), and Oral Clearance
(CL/F) of Tacrolimus during 30 d after Living-donor Liver Transplantation for Each CYP3A45 Genotype Combination of Graft

Liver and Small Intestine

*1, CYP3A5*1 allele; *3, CYP3A5*3/*3. Based on CPT: Pharmacometrics Syst. Pharmacol., 8 (8), 587-595 (2019).
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